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ABSTRACT

The construction of rural and low traffic roads to meet the present day and-future
requirements is the greatest challenge for transportation engineers in the developing
countries. The greatest handicap for the construction of good road network and the
improvement of village roads is the scarcity of suitable local construction materials coupled
with inadequate funds.

Construction cost can be reduced through stabilization. One of the methods is by lime
treatment. In this study. the influence of the physical characteristics of five selecled latente
samples on their engincering behaviour in the natural untreated state and on their
responsiveness 1o treatment with lime as chemical stabilizing agent was determined in the
laboratory. The percentages of lime used on the latenite samples varied from 2% to 10%.

Tests on both the cured and uncured mixture produced increase in CBR value,
unconfined compressive strength, compressive strength, shear strength and failure stress with
mereasing lime content. The rate of increase depends on the soil type. The optimum moisture
content. the plastic limit and the liquid limit of the mixiure increase with increasing lime
content while the maximum dnv density, plasticity index, ultimate strain, linear shrinkage and
swell decrease with increasing lime contemt,

Beneheonal results were obtained using lime addinive for treating all the samples
especially the highly plastic and orcanic soil types such as sample vpe A, which in s
untreated condition ¢an be often demmental for use as subbase material for road construction

-
as a result ol ditferential expansion and shrinkage when it undergoes changes in moisture
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content. Lime treatment of the soil sample reduces the change in volume when it undergoes
changes in moisture content and improves strength characteristics which make the treated
soil suttable for use as subbase material.
The increase in strength of treated soil samples C and D make them suitable for use
as base material. The results also show that the minimum lime content for treatment of the
tested lateritic soils for use as either subbase or base material in pavement construction is

t%a.
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CHAPTER ONE 4 P

INTRODUCTION | =\

PREAMBLE -

Good supplies of suitable inexpensive construction materials are a scarce and fast
diminishing resource for most countries. The construction of village roads and roads
carrying daily traffic less than 200 vehicles to meet the present day and future requirements
15 the greatest challenging task for transportation engineers in developing countries.

A large percentage of the roads in developing countries are low volume traffic roads.
There should be the feasibility of providing low cost construction for low volume roads.
I'hese low cost roads when constructed should be able to satisfy the presemt T.ra:fﬁc needs with
suitable geometric standards at the minimum cost and at the same time provide a basis on
which roads of higher specifications can be built later when traffic on these roads increase
withou changing their alignmems.

In arder 10 meet most of these requirements. soil stabilized roads are constructed,
The aim of stabilising soil is 10 alter its propenties 1o improve its engineering performance.
The effective utilization of locally available soils and other construction materials and
stubilizers would ensure cost minimization of construction to the maximum extent,

There are various was s of stabilizing soils: the technigues can be broadly classified

as lollows:

1 Mechanical methods of stabilization
1 Electrical methods of stabilization
Tis Thermal methods of stabilization

. Drainage methods of stabilization



V. Pre-compression methods of stabilization

vi. Chemical methods of stabilization.

The degree of stabilization attained may differ within a given method and between
the different methods, Since soils exist in a broad range of types differing markedly in the
values of their various properties and since different soils react differently to the methods,
it 15 evident that there exists not only several types but also a wide range in the degree of
stabilization

The common chemical methods of stabilization are lime, cement and bitumen, The
stabilizer used in this project is lime. Lime stabilization of soils is among the oldest
techniques for road construction. dating back to the Roman highways several hundreds years
before Christ. For the Roman roads, lack of compaction equipment necessitated the
placement of soil lime as mortar.

In modern practice, the lime and water contents are greatly reduced, and the moist
mix is spread and compacted with rollers. It is then covered with a base course or a
bituminous wearing surface.

Inttial work by earlier investigators Maignien (1966}, Little (196%) and Gidigasu
(1976) showed that laterite soils which are tropical soils responded more favourably to lime
stabilization than temperate zone soils. The reasons deduced by these investigators for the
ditterences in the tropical soils and temperate soils are mainly the chemical composition of
the soils and the prevailing chimatic conditions,

Laterite soil is a residual soil formed from the weathering of igneous rock under

comditions of high temperature and high rainfall of the tropical region where the

[



decomposition process results in a soil leached of silica (810,) and calcium carbonate
(CaC0,) but retaining high concentration of iron and aluminium sesquioxides {Fg O,
AlO,). Itis red. reddish brown or dark brown in colour,

Laterite soils are the local types of soil in Nigenia, Since lime stabilization has been
most widely and successfully used in United States for road construction, greater interest
should be developed towards the use of lime stabilized laterite sniljs for road construction in
Nigeria,

Various forms of lime have been successfully utilized as a soil stabihizer for many
vears. However the most commonly used lime are hydrated high calcium hime (CalOH).),
monohydrated dolomitic guicklime (Ca0). Mg, caleitic guicklime (Ca(). and dolomitic
guucklime (Ca().Mg0).

Many significant engineering propenties of soils are beneficially modified by lime
treatment,  Although lime is primarily utilized 1o treat clayey soils, it can also be used to
modify the characteristics of the fine fraction of more granular soils.

The position of lime stabilized soil laver in the pavement thickness is controlled by
the quality of the hime stabilized soil and other pavement design considerations. Railway
subgrades have also been successfully stabilised with lime.

Lime stabilized soil may be used as subbase or base course for roads, airficlds,
parking lots, highway shoulders, village roads and similar spplications. Lime stabilized
luteritic soils are used in embarkment constructuon for rilways, earth dams and levees 1o
enhance the shear strength of the svils. They are also used to suppon foundations.

When lime stabilized Laemie soils are protected from percolating and migrating water

L



[

and the effects of heavy repetitive loading, they can be used successfully as an economic
allernative to the more expensive and normally scarce construction materials.
BACKGROUND INFORMATION TO PROFPOSED STUDY

Soil treatments with lime 15 among the oldest technigue for road construction, dating
back 1o the Roman highways several Hundred years B.C. In the United State. lime
stabilization has been most widely used in Texas, but is gaining in use throughout the United
State and in various pans of the world (Woods, 1960). In Zambia. 3% of hydrated lime has
been used extensively to stabilize the clavey gravels which are widely available. (Ashworth,
1979}, In Nigeria. the use of stabilizing agent in road construction has been in practice for
some thirty years { Anifowose, 1989),

The use of lime tremted laterite soils has been investigated before but their
effectiveness when in use has not been investigated 1o rather conclusive ends. Also there is
limited information on the performance of lime treated laterite soils in Nigeria because of
limited literature on the usage and its characteristics, This present research is an attempt to
fill the paps pointed out above.

OBIECTIVES

The objectives of this study are:-

i To determine the general engineering properties of the laterite soils taken from a
number of road construction borrow pits in Ado-Ekiti area.

1. o determine the mineralogical composition of these soils for establishing a
relationship between the composition and performance of lime siabilization

H To determine the efiects of lime stabilization on the engineering properties of the



sails.

iv. To establish the minimum lime content 1equired, in achieving maximum utilization
of these local material which are available for road construction in Ado-Ekiti
environs.

JUSTIFICATION FOR THE STUDY
Laterite soil is a variable and complex material which, because of its availability and

low cost, it is frequently used for construction purpose. It possesses a range of mineralogical

composition and properties which makes its performance unpredictable, At a particular
location. however, a laterite soil may not be wholly suitable for the desired purpose. In such

o case, its engineening properties may be altered by the addition of a small amount, by weight

of lime. The amenability of the soil 1o such treatment depends not only on the type and

amount ol cementatious material added but also on the chemical and mineralogical
composition of the soil.

In order 1o provide a reliable lm.;hni::al information on stabilization of soils treated
with lime in Ado-Ekiti environs and similar locations, it is necessary to investigate the
trestment of laterite soils with lime and determine their engineering properues. The technical
information will allow for comparison with soils treated with cement which is hitherto a
popular method of stabilization. Results of this study will provide useful guidelines for
highway engineers in material selection for road construction especially in our own tropical

oL ronment,

L



CHAPTER TWO

LITERATURE REVIEW

INTRODUCTION

Considerable work has been carried out on latentic soils in many different countries
over the years. The attention given to lateritic soils by soil engineers is as a result of their
wide-spread distribution and engineering application. The word laterite was originally
sugpested by Buchanan (1807) as a name for a highly ferruginous deposit first observed in
Malabar during his joumey l.hmuglh the countries of Mysore, Canava and Malabar in 1800-
1801, Laterites have been described as soils which were developed together with red and
vellow soils under optimal moisture contents. They result from changes which ocour in
#omes of permanent and intermittent saturation in the vicinity of a water table. Martin and
Doyne (1930) works on the chemical composition of lateritic soils defined laterite soils in

terms of the silica alumina ratio (8i0,:AlQ,) as

1, True laterites (those with silica - alumina ratio less than 1.33)
1h Lateritic soils (those with ratio between 1.33 and 2.00)
ili. Non-lateritic with a ratio greater than 2.00

Overseas Unit of the Transpon and Road Research Laboratory (1952) defined laterite
as @ tropical soil in which the weathering processes have resulted in an accumulation of
sesyquioxides particularly iron. Little (1969) defined laterites as in-situ products of ropically
weathered igneous rock which has decompaosed partially or totally with a concentration of
iron or aluminium sesquioxides an the expense of silica. Vallerge, ef al, (1969) gave what
seemmis the most generally accepted definition of laterite as a hardened material formed by the
primary weathering of residual soil in which sesguioxides arc present in parent rock or by

I3
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the secondary leaching cementation of transported or residual soil in which the sesquioxides
are supplied by lateral ground water movement. A good number of studies of several
investigators revealed that laterite s & weathered product of various materials including
crystalline igneous rock sediments and voleanic ash.

From the various definitions above, it can be concluded that lateritic soils contain
aluminium, iron and silica in varied proportions and based on the constituent components
of laterite.

LATERITES

Origin And Formation of Laieritns

Laterite is a residual soil formed from the weathering of igneous rock under
conditions of high temperature and high rainfall such as those typically occurring in tropical
regions, where the decomposition process results in a soil leached of silica (510.) and
calcium carbonate but retaining high concentration of iron and aluminium sesquioxides
(Fe.0. AlGQ ). The resulting concentration of iron and aleminium oxides sharply
differentiate laterization from temperate climate weathering in which the end product is
largely clay minerals. As a result of heavy rainfall during the wet season, followed by the
dry seasonal high temperature and rapid evaporation in the tropics, plants draw water far
below the ground to replenish the ones lost o the aimosphere. as long as the supply holds
I he wedk selution produced by leaching of the rocks during the wet season thus become
concentrated by evaporation and dissolved minerals are deposited.  This leads o the
accumulation of iron and aluminjum hydroxides which are insoluble and are not re-dissolved

during the raining seasen and are therefore lefi at or near the surface where they form a thick



red 1o blackish soil called laterite.

Maignien (1966) and Gidigasu (1976), idemified three major stages in the process
of laterization, The first stage, (decomposition) is characterized by physico-chemical
breakdown of primary minerals and the release of consistituent elements. The second stage
imvolves the leaching under appropriate drainage conditions of combined silica and bases and
the relative aceumulation or enrichment from outside sources, Absolute accumulation of
oxides and hydroxides of sesquioxides {(mainly AlO, and Fe,0,, th.t' most
resistant components to leaching). The third stage (dehydration or desiccation) involves
partial or complete dehyvdration sometimes involving hardening of the sesquioxide rich
materials and secondary minerals.

Linder ropical comdiions of high temperaere and rainfall, the clay minerals tend 10
decompose into varous forms of aluminious and iron oxides in relation to the nature of
weathering conditions, The free iron oxide content and the degree of dehydration and/or
hardening as well as the unigue granular Structure of some lateritic soils are believed to
underlie the difference in engineering behaviour of some lateritic soils from the temperate
sofls {Gidigasa, 1976,

Maignicn (1966). sugpeested that t.unlcm]'mrury lateritic soils have developed at mean
anmual emperatures of around 25 €, Laterite soils are believed 1o always comespond 1o
tropical elimate,

Little (1969) suggested that laterizauon effects are produced due to bacterial

metabolism which are sufficiently stimulated in the high temperatures of the tropics.



The most significant differences in the temperate soils and lateritic soils are:
i. The significant proponions of iron and aluminium oxides found in lateritic soils
which tend to cement the soil particles to form a coarse grained weakly bonded

particulale material and

1. The relatively high temperature of laterite formation which 1s a feature of tropical
climate.
- 22 Distribution and Morphology of Laterites

Laterites are found all over the world especially in inter-tropical regions of Africa,
Australia, South-East Asia, India and South America. Their extension show that their
formation is favourcd by some conditions at one time or the other in the history of the world
but not pecessarily simultaneous at all points.

MeCarthy (1993), smd that deposits of laterites are found in a hard or cemented state
particularly in areas where vegetation 1s sparse or has been removed. Prescol and
Pendleton (1952) concluded that laterites are widely distributed in the semi-humid and
humid imtertropical regions of the world, and laterites. in fossil states are found in dried
climates and sometimes in temperate climates.  Also as hardened occurrences, latente
extends bevond sub-humid tropical climate 1o desert regions where there are indications of
humidity in the past.

Abundance of laterite pravels and soils are located in the Precambian basement
comples arca in the northern pan of Nigeria. Thev are found in large guantities in the
Southwern part of Nigena and constitute about 50-70% of their total soil. Laterites can be

associuted with o chanmcteristic profile forming the following level in descending order as

&
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shown in fig 2.1

i A surface zone with ferruginous incrustation and concreting

il A lateritic bed

iii.

A zone of primary alteration to kaolinite

iv. A fresh zone of unaltered rock.
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Fig. 2.1: Tapical Lateritic Soil Profile

Propertics And Composition of laterite soil.

The towality of the properties of laterite depends on the properties of the
microstriciure that makes up the sml
properties inherited by the soil from the paremt rock matenial, environmental factors and

characienstics of the localisy in which the soil has been in the course of its geologic history

(Gidigusu, 1976).

De.Grafi - Johnson (1969), sugeested than the specific gravity of laterite fulls within

10

Ihe physical propenties of laterite depend on the



a wide range of 2.2 to 2.8, He also observed that the higher the degree of laterization, the
greater the specific gravity, Specific gravity of laterites vary in relation to their chemical
composition, increasing with iron content and decreasing with alumina; the coarser the soil
fraction, the higher the specific gravity, The looser the soil structure, the lower the specific
gravity, The specific gravity of oxidized forms is higher than that of hydrated forms.

Lateritic soils seem to be typified by a gap grading existing with a prevalence of
gravel sized and clay materials but having limited sand and silt-sized particles.

The pH value of laterite is dependent on the exchangeable cation of the sml. The
cation type that can exist in a particular soil depends on,

i Mineralogy of the parent material
fi. Orgamic proporiion present in the soil.

Kaclinite, the predominate mineral in Nigena lateritic soils has low cation
exchangeable cation and the pH value does not deviate much from 7. Soils that have high
cation exchangeable cation have their pH value in the alkaline range. Most latenite soils have
soddium as exchangeable cation and the pH value is the slightly acidic to neutral (57}

The mechanical grain sizes of the lateritic soil will affect its reaction under load. 1If
the laterite is more of sandy soil, its properties will exhibit low compressibility, high
permenhility hagh friction and low cohesion but if it is more of clay soils, its properties will
exlitbit high compressibility, low permenhility, high cohesion and low, fnction.

Latersics generally have granular siruciure: therefore they have fairly large internal
angle of friction.  The higher the angle of friction, the higher the strength of the soil.

Another properts of faterites is the tendency of expansivencss or compressiveness of

11
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the soils depending on the specific surface area of the consistuent particles, Kaolimites that
have low specific surface area have low expansiveness or compressiveness but
montmorillonites that have high specific surface area have high expansiveness or
COMPressiveness.

The mineralogical composition of most laerites are kaolinite, geothite, gibbsite,
heamatite, microcline, illite, halloysite, attapulgite and quartz.
Economic Importance of Laterite

Laterites in their native regions, are of economic necessity. They are used as
construction material for road bases and embarkment structures and to support foundations.
Indiscriminate wse of laterites withowt fully appreciating their limitations, however. has
resulted in the failure of a large number of road pavements in this country, Based on the
engimeering properties of the latenite, they are also used for roofing local buildings. brick
mahing. making local ovens for baking. and construction of local silos for storage purposes.
In their natural state, they are good as subgrade material for airfield and highway pavements.
When protected from percolating or migrating water and the ¢ffects of heavy repetitive
loading, they can be used successfully,
TYPES OF LIME

Lime 15 produced when limestone 1s calcined. There are two tvpes of limestone the
pure limestone and the in'_lpur: limestone, The caleitic limestone oceurs throughout the
zeclogic eolumn but dolomite limestone is common only in older peological deposits,
particulaiy those of the early Paleozic. Dolomite is a result of mineral replacement, and not

trcommonly both limestone anc dolomite oecur within the same bed or in the same quurry,



Watson, (1991), describes lime as a binder which forms a hydrated matrix in which
aggregate may be set. O°faherty, (1975), defines lime as calcium oxide which occurs in
practice as the oxides and hydroxides of calcium and calcium magnesium.

Merritt and Kurte, (1983) and Hausmann, (1990}, in their own contribution to the
availability of lime and its commercial production stated that lime is available in practice as
calcium oxide (Ca0) known as quicklime which is produced commercially by burning
limestone in Kilns. as hydrated lime (Ca(OH).) when calcium oxide is mixed with water
which reacts violently with the evolution of much heat. and as quick lime which is produced
commercially as less aggressive lime,

Pure lime (CaC0,) will produce a high calcium or caleitic lime or fat lime, If the
stone being caleined i a dolomitic limestone containing a high proportion of magnesium
carbonate { MgCOO, ), the lime produced is dolomitic lime or high magnesium carbonate lime.
High - caleium lime contains less than about 5% magnesium oxide while most dolomitic
quicklimes comain between 25% and 45% magnesium oxide (MpO).

Impure limestone which contains less than 13% clay mnienl,hwl'lm calcined, the lime
produced is called g semi-hydraulic lime*while the one that has ¢lay content greater than 15%
and up to 35% 15 termed hydraulic ime. They may either be calcitic or delomitic in nature
and muary or may not be hydrated.

During the normal calcining of argillaceous and siliceous limestones {impure
restone b the caleium curbonate 15 caused 1o dissociate by the heat following which solid
reactions ke ploce between the caleium oxide which is formed and the silica, alumina and

ferrie oxide components of the clay. This leads primarily to the formation of the dicalcium



silicate and tricalcium aluminate compounds which lead to the formation of the hydraulic and
semi hydraulic limes. Thev have cement like properties like setting under water while
retaining the plastic properties of lime, Quick lime is normally produced by direct calcination
of crushed limestones with the following reactions taking place:

CaCO, + heat — CaQ + CO,

At atmospheric pressure and at a heat of 200'C, the lime product of the above
reaction is termed calcitic or high calcium gquicklime. For dolomitic quicklime at
atmospheric pressure and at a heat of 730°C, the dolomitic limestone decomposes to form
magnesium oxide, carbon dioxide and calcium carbonate. But a 900°C the calcium
carbonute (CaC'o,) decomposes to produce calcium oxide and the end result, MgO + CaO 15
called dolomitic guicklime. -

Hydrated himes are produced by slaking quick lime with an excess amount of water
to fime shurry of varying degrees of consistency; when quicklime is hydrated, the product is
a dry powdered lime known as calciom hydroxide Ca(OH),.

Cao + H.O — Ca (OH). + 653K mol.

The transition from guicklime 1o hvdrated lime is characterized by the following

index properties.

14



Table 2.1 Index properties of transition from quicklime to hydrated lime

Quicklime Water Hydrated lime
Molecular weight 56 I8 78
Specific gravity 33 1 22
Relative weight 1 0.32 132
Relative Volume l 0.99 1.99

Ease of slaking of quicklime is greatly affected by both composition and the
temperature of buming and quicklimes may be classified as rapid staking, medium slaking
and slow slaking. In general. higher calcination temperatures results in slow slaking
lemperature becomes relatively more imporiant for dolomatic quicklime than for the high
caleium vanety since MgCO, has a lower dissociation temperature,

A significant teaure of guicklime which retards its usage in soil stabilization 15 115
hizh exothermic hydration reaction and causticity which can cause destruction to living
tissues. Hence particularly in windy weather, construction workers without adequate
profective clothing may severely damage their eyves and skin when working with quicklime.

In construction sites, the slaking process typically creates clouds of steam, Slaked
lime is used in the form of a fine powder within bulk density of 0.45 t0 0.6 Um’ or as a slurry
with a water content of 80 to 100%, Quicklime is more cost effective than slaked lime in
terms of handling and trunspon

Rotary kilns produce guichhme s pebble form {6 10 60mm}. Whereas verucal kilns
prasduce quickbime in lomps (F5000 200mm),. Both types are then ground and sieved prior

Lo shaking or use as u powder,
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Tahlc 2.2 Types and grades of lime

Types ] Formular

Caleia (high calcium quicklime) Ca0

Hvdrated high calcium lime Ca (OH),

Dolomitic lime Ca0 + MpO

MNormal hydrated or Monohydrated delomitic

lime Ca(OH). + MgO
Pressure hydrated or dihydrated dolomitic Ca (OH), + Mg (OH),
lime

The higher the magnesium content of the quicklime or hydrated lime, the }eﬂ".{is the

water affinity and the heat developed in mixing with water. ::.
SOIL STABILIZATION ‘I""‘k. o

Winterkorn and Fang (1975) define soil stabilization as the collective term u_'-':-;ﬂHTur :
anv phyvsical. chemical or biological method or any combination of such methods, emploved
to improve certain properties of a natural soil to make it serve adequately an intended
engineering purpose,

Baker, ef af, (1975) define soil stabilization as applied to pavement construction as
a means of treating soils and'or base materizls by markedly increasing their strength and
bearing capacity and decreasing their water sensitivity, volume change during wet-dry cyvcles,
Wright and Paguette, (1987) define soil stabilization as the combination and manipulation
of soifs with or withou admixtures to produce a firm mass that is capable of supporting
traffic i all weather conditions re .-i'lritl-:dr e I-;:w. een 60 and 200mm in thickness. The tvpe
and degree ol stabilization required in any piven instance are largely a function of the
avuilability and cost of the required materials as well as the use that is 10 be made of the
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stubilized soil mixture.

The simplest and most cost-effective forms include improvement in soil by
compaction and drainage. Another method known as mechanical stabilization invelves the
blending of different natural materials 1o oblain a mixture with the desired engineering
properties in terms of grading and plasticity. More commonly, seil stabilization is the
improvement of natural materials by the addition of a small proportion, usually less than 10%
of a stabilizing agent. This may involve the addition of additives such as cement, lime,
bitumen, sodium sihicate, calcium chloride, industrial waste, flv ash and resins depending on
the nature of soil to be stabilized.

Ihe stabifization requiremems of a soil thus mereases with increasing proximily of
the soil structure 1o the pavement surface, where the normal lemperature alnl:l maoisture
varlation exhibit greatest amplitude. Also a highway base course of the same soil type and
built for the same traffic loads and frequencies has considerably higher stabilization
requitement in the more severe climate than in the mild climate.

Cost of construction can also be brought down considerably by selecting locally
available soils which, 1T very poor and cannot withstand the expected traftic wheel loads, can
be improved by adopting seil stabilization technigue which is a method of processing
available material for the development of stuble sirips of low cost roads. The prime
regquitenmiens ol any stabilizer used in roadway construction are that it should retain or
merease the shear resestanee of the sedl éven in the presence of saturating amounts of water

and 1 should increase the velumetric stability of the soil.
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The primary aim of treating soils with chcmi!::als is 1o make soil a suitable altemative
o crushed rock or aggrepate in roadbases and subbases. Chemical stabilizers act by
cementation and/or water proofing action. The cementing type stabilizers actually bond the
soil grains together and improve the strength of the soil mass under certain conditions.
. Lime Stabilization

Treatment of soil with quicklime or hvdrated lime is espectally effective in improving
the engineering properties of heavy clay soils or of granular soils which because of high
water affinity in their silt-clay fraction, fall short of having a dependable granular skeleton.
Lime stabilized bases and subbases are effective moisture barmer to downward percolation
or capillary action, Lime stabilizstion of clay soils. therefore, is used to provide base courses
beneath all types of pavements and to provide surfaces for secondary and I-CI:IEH-T}' roads
(Hunt, 1986).

According to ARBA (1959) construction manual on lime stabilization, the physical

changes effected by lime treatment of clay soils can be summanzed as follows:

L The plasticity index drops sharply by a factor of 3 or more in instances

1. The plastic limit generally increases and the liquid limit decreases,

I8, The soil binder content decreases substantially

A The linear shrinkage and swell decrease markedly

v Lime and water accelerate disintegration of ¢lay clods during pulverization. Soils

become friable and car be worked easily
Vi, Unconlined compressis e strength increases considerably,

vl Load bearing values increase substantially
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viii.  In swampy areas, or soils with over optimum moisture content, the application of
lime facilitates drying of the soil.

ix. Lime stabilized bases or subbases form a water-resistant barrier by stopping
penetration of gravity water and by rapid evaporation of existing moisture. The
stabilized clay sheds water more readily during rain, thereby minimizing construction
delayvs.

Al-Rawi and Awad (1981) indicated that the permeability of a clayey soil is
increascd when treated with lime as the latter causes flocculation of the soil. The higher the
clay fraction, the more the permeability the soil-lime mixture increases. Soils compacted on
the dry side of optimum moisture content developed a higher permeability than those
compacted wet of optimum. However with increasing age, the permeability declines this
being explumed by Brandl (1981} as due to the increased production of gelatinous reaction
products which occupy an increasing Eltl'lm unt of void space and eventually harden,

Lime swabilization is himited to plastic soils only as the presence of clay minerals is
necessary for the stabilizing process.

Lime 15 frequently vsed as an initial pretreatment of soil in preparation for further
additions of lime or cement and as a convenient short term means of producing sufficient
improvement in a soil o allew suppont for construction traffic. In most cases. the quality of
Bme used for stabilization will tvpically be within the range 2-8% of the drv weight of soil
(Ingles and Metealf, 1972).

4011 Sl semd Lamee Heavtion

Phe mitural ¢lay consists of lamimar particles, which slide treely on one another and
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whose ability to slide is aided by the lubricating action of free water present in the system
and of water molecules which become attached to the surface of the clay particles which
pives it its plasticity property. When lime is added to soil, a number of reactions takes place,
the short term reactions are hydration (for guicklime) ar_ud flocculation (ion exchange) and
the long term reactions are cementation and carbonation, (Hansmann, 19%90).

Hydration is the first reaction to take place between the free water in clay and the
quick lime which slakes the lime and reacts immediately with the clay particles causing
drying action which is beneficial in the treatment of moist clays, In the placement of lime
columns and layers; the heat generation and expansion of the lime further enhance the
comsolidation effect.

The next reaction takes place within few hours causing the clay particles to flocculate
or agpregate and change the nature of the soil 10 a relatively coarse-grained, free draimng
medium of much lower plasticity. A flocculation effect is observed which is reflected in the
lowering of liquid limit of the soil, the raising of the plastic limit and shrinkage limit and a
lowening of maximum dry unit weight of the s0il. The alteration of soil character 15 due 10:
I, A cation exchange reaction which occurs with the bivalent calcium ions supplied by

the Lme replacing less firmly attached monovalent ions in the double layer

surrounding the clay particles. This tends to decrease the thickness of the double
laver and to depress the zeta potential (a measure of the eflectiveness of the panticle
negative charges in repelling a sccond particle). thereby causing flocculation.

1 The crowding o) additional cations on to the clay particles, thereby again depressing

the zeta polentil.
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Hi.  Pozzolanic reaction is initiated between lime and the clay which contributes to soil

aggregation.

These reactions suggest that the modification of a clay soil by the addition of lime 15
clearly dependent upon the nature of the dominant cation originally adsorbed in the double
laver and also upon the type of clay. For example, a sodium dominated montmorrillonite
iwhich has a high cation exchange capacity) will require a relatively high addition of lime
o achieve calcium saturation and full potential flocculation effect. In contrast, a kaolinitic
clay will require a considerably lesser amount of lime to achieve the full potential effects.
Aggregation also reduces the optimum moisture content for compaction. The reduction in
the dry density does not initially affect the strength of the soil.

The third reaction is the cementation of the mixture as a result of pozzolanic reaction
which takes several vears to complete and reach equilibrium state. This reaction involves
the lime and the alumina and silica present in the sotl in the formation of hydrous calcium
aluminates and silicates which are similar 1o the reaction products of hydrated cement. The
cememation process depends on the amount of available silica. Increasing the quantities of
time added will increase strength only up to the point where all silica of the clay is used up.
The structure of the stabilized clay was described by Herzog (1967), as an assembly of hard-
shinned. lime poor lumps of clay embedded in-a lime rich. fine grained soil matrix.

The strength gain due 1o cementation s generally very much dependent on the
amount and tvpe of elay mineral présent in the soil. According 10 Dunlop (1977), a reactive
soil will give CBRs in excess of 100 or unconfined compressive strengths higher than

VE6Mpa after lime treatment.  The most reactive clavs are those containing minerals



belonging 1o the montmorillonite group, distinguished by a three-layer primary element in
their crystalline structure and a high base exchange capacity, The illites, kaolinites and
chlorites clays are less reactive.

The fourth reaction is that of carbonation where carbon dioxide (CO.) from the air
and rain water converts the calcium andhmﬂg.nl:ﬁjum oxides and hydroxides back to their
respective carbonates (CaCO, and MgCO ) which are weak cements. The detrimental effects
resulting from this out-weighs the minimal strength gain from it. The detrimental effects are
more pronounced particularly in industrial areas where the carbon dioxide content of the air
15 considerably higher than in rural areas.

Carbonation must be prevented for best sirengths 1o develop in a road. Prevention
mvolves care in storage of lime prior to s use, avoidance of undue delays during
construction to prevent prolonged exposure to the atmosphere and so compaction should take
place as soon as possible and protecuon of the road base or subbase against infilirating
carbon dioxide (Woods, 1960 and O flaherty, 1975).

The microscopic nature of the reaction was studied by Kezdi (1979). In his own
cortribution he stated that lime addition will increase the pH value of water content in the
soil and give rise to increased solubility, The initial stage is started by the dissociation of the
admixed CafOH), imo Ca™ and OH ions which modifies the clectrical surface forees of the
clay minerals, The lime assumes an amorphous form and creates a transition 1o the gel
plase. The pel phase is the most Importan stage from the aspect of strength as the pel
subsianoe will connect and cement the mircral grams thus changing the entire pore structure.

This gel phase-could be clearly discermned through the microscope. The finest soil particles
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coagulate and thereby the entire structure and consistency of the soil undergoes a significant
chanpe. From the gel the neoliths will then slowly develop some crystals being clearly seen
theough the microscope creating the neolithic phase which is the most important part of the
consolidation process. In practice, development of the carbonate phase could only be

observed for samples stered in the air. On the atmospheric effects, spherulitic calcium

carbonate will develop over the surface of these mineral panticles creating a compact

crvslalline mortar,

g Tdage 28dage 1 Todnys Kodu

Fig. 2.2 Development of the individual reaction stages and their participation in
changing the soil characteristics

412 Stremeth Parameters

Ihe serength parametric elfects of stabilization are
! Age
The strepgth of a lime-soil mixtore normally increases with age uniil all the
Iree lime s used. (Watson, 1991). Over a longer period of time there is sieength
cain throueh a pozzolanic seaction with avallable silica and alumina (Ogleshy,

1975), Curing time i another factor than influences the strength of lime-stobilized



L.

1

soil (Bell and Conthard, 1990)., a steady gain in strength over months 15
characteristic.
Temperature

The overall rate of reaction increases with tmpe:—a'mre- The rate of increase
of strength is more rapid in initial peried of curing and higher temperature, Higher
temperatures accelerate curing and this gives rise to higher strengths. (Winterkorn
and Fang, 1975). Temperature also affects the pozzolanic reaction. Temperatures
less than 13 to 16°C retard the reaction and higher temperatures accelerate the
reaction (Anday, 1963).

L uring

Water 15 an important reaction agent in soil-lime mixture and the reactions
are rclatively slow, therefore loss of water must be prevented dunng the reaction
period.

The moisture content at which the soil and lime should be mixed can be very
critical. with clavey soils. the optimum moisture content for strength tends to be on
the high side of the value for dry unit weight, Optimum strength also varies for
different curing periods. The strength of lime stabilized soils 1s influenced by their
natural moisture content. the strength decreases with increasing moisture content.
(¥ flaherty, 1975).

I neonfined Compressive Strensth and Shear Streneth

The unconfined compressive strength has been extensively used to determine

the response of materials 10 lime stobilization. but it has linle dircet application to
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pavement design.

Dolomitic lime can be more effective than calcitic ones in producing high
strengths with average soils, "I-'h'ps is due 1o the ability of unhydrated (MgO)
magnesium oxide 1o sct as an accelerator of the pozzolanic reaction. Quicklimes are
more effective than hyvdrated limes in producing strength gain while hydraulic limes
generally tend to give higher strengths than non-hydraulic limes. Tests produced
increase in compressive strength with lime content until it reached the maximum and
then subsequently decreased with lime content ((Ma, 1983). Hvdrated lime has been
used suceessfully in the past decade 10 increase the shearing strength of plastic soils
at ot near the ground surface (Lindy Jr. and Greenfield, 1968).

CHRE

The soil lime tests produced increases in CBR with lime content for both
soaked and unsoaked samples until it reaches the maximum and then subsequently
decreased with lime content. The more coarse the lateritic soil the greater is the CBR
valug of the mixture (Ola, 1983).

Tensile Strength and Strain

These properties are of particular significance in the design of lime bound
lavers which are relatively brittle, with a high modulus and very low tensile strain at
fracture. Tensile strength is influenced by panicle size distribution. moisture content,
lme content and density. Lime stabilized materials fail in tension under low stroin

he eritical strain usually decreases with inereasing modalus
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vil.

Elastic Modulus

When a lime stabilized material is loaded beyond a certain limit, micro |
cracking first develops at the imer-face between the coarse particles and the matrix |
) |

and increases upon subsequent loading, and eventually the microcracks join up, the |

matrix disintegrates, and the treated material no longer behaves like a lime stabilized |

matenal,

2.4.1.3 Conditions Appropriate for Lime Stabilization

Particle size and surface to velume Ratio

Sohd particles react only on their surfaces and their respective reaction rales |
are proportional to their surface/volume ratio. This ratio is inversely proportional 1o
the lincar particle size. The amount of CaSiCo, formed per unit of lime and volume
will be proportional to the percentage of the smallest size siliceous components of |
the sl Alse the higher the proportion of silica and the smaller that of aluminium
and iron sesquioxides in the smallest size fractions, the greater is their reactivity with
CaiOH),

Solubiliny of Calciom Hyvdrovide

The solubility of Ca{QH). in water is relatively small about 165 grams per
litre at normal temperature. To assure the greatest possible rate of solution of the
solid CalOH).. it should be in a colloidally dispersed state. With regard to the
amount of hydrated lime required for the stabilization of clay soils. there seems to
exist specific threshold or minimum amount below which there is linde if any real

stabilization, and also high amounts above which increase in amount of swhilizer
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dees not produce a significant increase in the quality of the system. The threshold
values usually lic between 1% and 2% of Ca{OH), based on the weight of the dry
clay soil,

Reactions for Proper Balance

If the soil does not possess Thlr,- required highly siliceous minerals that are
capable of reacting with the lime, then such maierial can be added in the form of
voleanic osh (puzzolan santorin), defatted dimomaceous earth, highly siliceous fly
ashes, ele,

In practice ratios of fly ashes to lime run from 3:1 1o 5:1 indicating that the
major part of the fly ash acts as an heat filler.

Effectivencss of Lime Treatment

Treatment with guickhme or hyvdrmated lime is especially effective in
improving the engineering properties of heavy clay soils or of granular soils which,
because of high water affinity in their silt-clay fraction, fall shori of having a
dependable granular sheleton.

In accordance with United S1ates experience, treatment with lime is most
ellective for:

i, Stabilization of clay-gravel materials to serve as bases for pavement: 2-4%
of CalOH), by weight of soil is used for this purpose,
b. Stabilization of heavy clay sols 1o serve as bases: 5-10% of Time treatment

or as subbase 1-30 for pavement



Lime treatment has been found less effective for silt-loam soils and is not
recommended for sandy soils except in combination with added clay, fly ash or ether
pozzo lanic constituents which serve as both hydraulically reactive and filler to
improve the gradation and reactivity of the soil.

¥, Laboratory Testing of Lime Stabilized Soil Specimens

Recommended percentages of lime for laboratory testing and for construction
vary from 2-10%, they are 2, 3 and 5% for coarse soils {Clay-gravels, caliche, sandy
soils) having less than 50% silt clay fraction, and for imermediate soils 3, 5 and 7%
of lime is indicated (Winterkorn and Fang, 1975).

The common methods of laboratory testing of lime-stabilized soil specimens
that have come into practical use are: -

a. The triaxial compression method

b. The CBR method

. The Hveen Stabilometer method

Other conditions appropriate for lime stabilization like curing. temperature, types and
grade of lime have been discussed earlier (WinterKorn and Fang 1975).

Lime-Snil Stabilization Mix Desion

I'he choice of lime stabilization depends on economic factors, kind of soil, climate
and use. The mix proponions are seldom critical for a given soil, and many mixes could be
used. Woods (1960) stated that the problem is then o select proponions which give the
necded amount of cementation for the lowest cost. Trial batches are mixed in the laboratory,

compacted. cured and tested. so that the best mix may be chosen. Several methods are
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available for selecting trial baich mix proportions. One method is to prepare mixes lo
represent all feasible combinations of soil and lime. Both the evaluation and mixmre design
procedures should be developed in terms of intended use, objective and test conditions. In
addition. the evaluation should be based on meaningful tests which provide fundamental
engineering properties rather than empirical test results.  An attempt should be made to
recognize and consider the inherent vanation in soil-lime mixtures High strengths can be
achicved with lime but care must be taken to avoid potential shrinkage cracks which are
associated with the stronger mixes. Under traffic loadings, these cracks can reflect through
the surfacing and permit water to enter the pavement and thereby lead 1o failures. The
matenial must also be checked for sensilivity to water as this can cause a severe loss in
strength.  The proportion of stabilizer required 1o desensitise the mix may well be the
controlling factor in design.

Normally the maximum proportion of lime used in a mix should be limited 1o 7-8%
because stronger mixes are not economical, Ofien strengths are increased relatively little by
additions bevond a certain percentage of hme, Lime siabilized materials permit longer
handiing tmes between mixmg and formal compaction than cement which may be a useful
characteristic when emploving inexperienced labour.  Under some circumstances.
stabilization with lime alone will be most smisfactory and cconomical, The major ohjective
ol the nuxture design process 15 1w establish an appropriate lime content for consiruction
Mixture design criena are needed 1o establish the qualiny of Hme required 1o produce an

acceptable guality mixture
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CHAPTER THREE

METHODOLOGY

MATERIALS

Five laterite soil samples designated as samples A, B, C, D and E were used for this
investigation. The samples are borrow p‘*:»t material used on.

i The Federal Palviechnic Ado-Ekiti road rehabilitation projects - Types A and

B

i, Ado-Ekiti - llawe road rehabilitation project - Type C

il Ado-Ekiti - Ikere road rehabiliation project - Type D

v, Ado-Ekiti - Iworoko road rehabilitation project - Type E

All the samples were chosen as representative samples after tests had been carried out
on various samples around Ado-Ekiti environs,

After collection, samples were stored in polyvthene bags immediately they were
coliected and prior to their use to prevent loss of moisture.

A sizeable amount of quicklime was obtained which was slaked and used as
stabilizing agent.
TESTING PROCEDURES
A Natural Soil Samples

The following tests were carried out on each of the five samples used.

I Identification and classification tests which include particle size distribution,

Anterberg limits and specifie gravits

an
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iii.

[ |

vi.

vid.

Mineralogical composition to determine the clay minerals and other chemical
constituents of the soils.

pH of the soil samples

Compaction tests o determine moisture density relations of each sample
California Bearing Ratio Tests (CBR)

Unconfined compression strength wests

Triaxial compression tests

The procedures used in carrving out these tests were according to BS Standard

methods,

Treated sampled

The chemical additive used for treating the soil is lime and the'proportions

used are 2, 6 and 10%.

I'he following tests were carried out on each treated sample

i

1%,

N,

T

pH of 1he treated sample

Atterberg limit tests

Compaction tests

California Bearing Ratio Tests (CBR)
Unconfined compression strength tests
Triaxial compression vests

Compressive strength 1es1s



PRE-TREATMENT OF SAMPLES

When the samples were taken (o the laboratory, the deletenious matenals such as
roots were iemoved. The samples were air-dried. broken down with mortar and pestle and
passed through a No. 10 sieve o remove large particles,

To compare relaive effects of the additives on performance of samples, var ng
proportions.el each additive were used w prepare mistures, The amounts of additives used
are expressed as percentages of the dry weight of the sample,  The lime contents used were
2%, 6% and 1074

Mixing of samples with additives was done manually at the optimum moisture
content of natural samples as obwined from compaction tests.

The soil-lime mixtures were hand mixed after they were weighed prior to the mixing
in of water at required proportions.

Moulding of tests specimens was started as soon as possible after completion of
mixing and the tests were conducted according to BS standards. For each percentage of
additive. A total of four specimens were used to obtain each point on the moisture density
relation. The specimen used for the tests are for both cured and uncured samples for 7. 21
and 28 days. The strength values reported are averages of the results for each mixure since
the standard deviations of the values from the u'*-emgc values used are small.

The results are discussed in chapter four with the following relations shown,

L Moisture - density relations for natural and treated samples with varying
percentages
it Maximum dry density versus lime content
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iil, Optimum moisture content versus lime content

iv, CBR versus lime content

v, Unconfined compressive strength (1'CS) versus lime content
vi. Cohesion versus UCS

vil,  Stress-strain curves for both natural and lime treated soils

viti.  UCS with age of curing

IX. Paricle size Distribution curve.
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CHAPTER FOUR

LABORATORY RESULTS AND ANALYSIS OF

NATURAL AND TREATED SOIL SAMPLES

1 CHARACTERISTICS OF NATURAL SAMPLES
After the samples had been collected and treated as described in chapter three,
their properties were determuned to ensure that when their response to additives was
studied. all relevant factors would be available for establishing a correlation between
composition and lime stabilization of the soils.
Kesults of wests performed on the five samples are as recorded below,

i ldentificaiion and Classification Tesis

The particle size distributions of the samples ar¢ shown in Table 4.1. The

average distributions were

Sample A

Gravel - 0.4%
Sand - 41.2%
Clay - SR.4%

Sample B

Ciravel = 4 o
Sanad - B4 Ry
Ly - 26.0%



sample €

Gravel - 6.2%
Sand - 4y 4%
Clay - 47 4%
Sample D

Gravel - 8.2%
Sand - 58.6%
Clay - 33.2%
Sample

Gravel - T.2%
Sand - 50.6%
Clay - 42.2%

The grain size distribution curves are shown in Fig 4.1
The results of the Atterberg limits tests are shown in Table 4.3 and Fig 4.2.
The caleulated Group Index values ((G.I) are also shown in Table 4.3,

L Soil type A comprises 41.6% coarse material and 58.4% fine with the liquid limit,
plastic limit, plasticity index and Group Index values of 39%, 22%, 17% and 8 respectively,
The soil is classified as inorganic silt of medium compressibility according to Casangrade,
CL (fine grained - silty clay soil) according to.Unified Soil Classification system and as A-6
(clayey soil) of fair to poor rating i terms of possible use as subgrade material according to

AASHTO classification.
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Soil type B comprises 74% coarse material and 26% fine with a liquid limit, plastic
hmit, plasticity index and Group Index values of 28%, 16%., 12% and 0 respectively. The
soril s classified as inorpanic clay of low compressibility according 1o Casangrade, SM
{Coarse grained-silty sand soil) according to Unified Soil Classification system and as A-2
-6 {granular silty) of excellent - good rating as subgrade material according to AASHTO
classihcanhon.

So1l type C comprises 52.6% coarse material and 47.4% fine with a liquid limit.
plastic limit, plasticity index and Group Index values of 41%, 27%, 13% and 4 respectively.
The seil is classified as organic soil of medium compressibility according to casangrade, 5C -
iconrse grained - sand-clay mixture soil) according 10 Unified Soil Classification system and
a5 A-f {(clayvey soil} of fair 10 poor rating as subgrade material according n—:b AASHTO
classification.

Soil type D comprises 66.8% coarse material and 33.2% fine with a liguid limat,
plastic limit, plasticity Index and Group Index values of 39%, 24%, 15% and 1 respectively.

Ihe soil is classified as inorganic silt of medium compressibility according 10
Casangrade, SO tcoarse grained clavey sand soil) according wo Unified Soil Classification
svstem and as A-2-6 (clavey gravel) of excellent o gcn:u:l- raling as subgrade material

gecordmg o AASHTO elassihication
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Soil type E compnses 37.8% coarse matenial and 42.2%5 fire with lguid linon plisoe
limit. plasticiy index and Group Index values of 407 a, 26%, 140 and 2 respectineh. [he
wil is classified as orgame soll of medium compressibiliy according o Casangrade. SC
{coarse grained - clavey sand soil) according to Unified Soil Classification svstem and as A-6
{clayey soil) of fair to poor rating as subgrade material according 1o AASHTO classifleation.

B Chemical And Mineralogical Composition

In order to establish correlation between composition and chemical stabilizaton, the
chemical and mineralogical composition of the samples were determined wsing the
procedures as given in BS 1377, The results-are as shown in Table 4.4

Tahle 4.3: Atterberg limits of sample

ple tvpe Ligquid Plastic limit Plasticity Croup Index Specitic
limit Index Gravity
A i 12 17 L 57
B 28 16 12 0 253
= 41 27 13 4 235
¥ 39 24 13 I 246
E | 40 26 14 2 236
_Tabhled.d4:  Chemical Analvsis Result
S10, AlO, Fe.Oy Lol u pH | ___Sio.
iple type % %o T % a {ALD+Fe)
A 45.10 38.00 1.53 12.17 320 5.8 1.14
B 5243 34.60 1.67 0.78% 1.52 6.5 1.43
| C 51.00 37.15 (.85 B.15 .85 6.1 1.34
D 5440 34.10 0.50 10.71 0.29 5.7 |
E 55.03 3104 0.64 11,97 1.32 5.8 1.74

41



S0, - Silica eontent

AlLD; - Alumma content or Alumanum sesquiox e
Fe-t), - lron sesquinxide

LOI - Loss on lgnition

8] - undetermmned

Forthe fve samples, the stlica to iron and alummium sesquionides ratis 15 shown m
Table 4.4, All the values so obtained are less than 2 indicating that they are mostly Tmentic
soils except for sample tvpe A that is a true laterite. The pH values of the samples from the
table indicates that thev are acidic.

The result of the mineralogical composition of all the samples indicate that they
mainly contain kaolinite minerals. This can be seen in Fig 4.3,

C. Compaction Test.

Results of compaction tests on the natural samples are shown in Figure 4.4 for sample
types as representative of the laboratory procedures. Sample type A has a maxmmum dry
density (MDD} of 1. 82/cc with optimum moisture content {OMC) of 1 3%4, sample tvpe B has
a MDD of 2.18¢'cc with OMC of 1 1%, sample tvpe € has a MDD of 1.77g/ce with OMC
of 15.8%. sample type D has a MDD of 1.96/cc with OMC of 10.8% sample type E hasa
MDD of 1.82g/cc with OMC of 15.8%. From the results samples types A, C and E have low
dry densities which will lead to low strength of the samples it used naturally as construction
materials, especially as subgrade materials but samples types B and D have high dry densitics
which if used naturally as construction materials especially as subgrade matenals will
produce high strength. Therefore the need anses to improve the properties of samples tvpe

A, C and E. Finding also correlates with the rating based on the soil clasifications earlier
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Aresented,

. California Bearing Ratin (CBR

The suitability of the samples in their natural forms for use as highway matenials was
imvestigated using the CBR test. The results gave CBR values of 2%, 14% and 24% for
samples A, C and D respectively. Using the table for typical rating of performance of soils,
the CBR values for sample types A and C fall into the category of poor soil which needed
its properiies to be improved upon for use as base-and subbase matenals while sample tvpe
D falls into the category of good soil for use as base and subbase material

E. U'nconfined compressive Strength, U'CS

Unconfined compressive strengths of the three natwral samples were determined
using remoulded samples. The tests were camed out at 7, 21 and 28 days.

The remoulded samples had strengths that increased with age of curing from
1.4IMN/m’ 7 days strength to 1.67MN/m* 28-day strength for sample type A and from a 7-
davs strength of 2.23MN/m” 10 2,52 MN'm’ 28-day strength for sample tvpe C and from a
7 day strength of 3 6MN/m to 4.1 | MN/'m 28-day strength for sample type 1. The low result
for samiple types A anc C indicate that the materials are unsuitable as highway construction
materials. Hence the need to improve their engineering properties.
| A Compressive Strength

The compressive strength test for the natural samples does not give any appreciable
result because it cannot withstand the crush strength of the crushing machine. The values
are all zeros.

G. Shear Strength parameters (C-03)

The shear strength of the samples i$ another factor or characteristic of the samples
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1

that ¢an b used b determine the suttiability of @ soil for highway construction. The coliesion
and adhesion property of the soil. the fnctional resistance to sliding between soil particles
are important, To investigate these properties of the soil, the unconsolidated undrained test
was carried out on each of the samples. The results gave cohesion values of 17368 m',
30KN/m* and 63kN/m" for cured sample types A. C and D while the angle of friction values
are 87, 10" and 23" for samples type AL C and D respectively. From the values, it is evident
that the soils are cohesive soils (C - ), Sample types A and © have low angles of fnetion:
hence there is need for improvement.
CHARACTERISTICS OF STABILIZED MATERIALS

Simge the propertices of sample types B and D are similar and sample tvpes Cand b
are similar, the stabilized samples were limited to sample types A, € and D respectively,

The three sample types were treated with lime as additive to improve their
engineering properties. For proper investigation and comparison of results. vanving

proportions were used, The following tests were carried out on the treated samples.

a. Compaction tesis

b. California Bearing Ratio (CBR) tests
c. Unconfined compression strength tests
d. Triaxial Compression tests

8 Compressive strength tests

Compaction Characteristi
Compaction tests were carried out on treated samples to establish relationship
between strength and density for treated soil mixtures compacted at different moisture

contents and using varying proportions of the additive.
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Results of compaction test on samples treated with lime are as shown on Table 4.5
The variations of dry density and moisture content are shown in the Appendix for all samples
treated with lime contents, The results show that adding lime to the samples increased the
aplimum moisture content and decreased the maximum dry densitics, For sample type A,
the OMC and MDD changed from 13% and 1.8g/cc a1 0% lime content to 22.8% and
1.57g/cc at 10% lime content. For sample type C, the OMC and MDD changed from 15.8%
and 1.77g/ce at 0% lime content to 23% and 1.62g/cc at 10%. The slight decrease in OMC
at 2 and 6% additive may be due to error in the laboratory. For sample type D the OMC and
MDID changed from 10.8% and 1 96g/cc at 0% lime content to 1 7% and 1.78/cc at 10% lime
content.

Sample type D has the highest MDD in all the percentages of lime mlzmtent because
of the presence of high coarse materials in the samples which resulted mto high compacted
strength while sample tvpe A has low MDD due to its high plasticity which caused low
compaction.

The increase in optimum moisture coment as lime content increases 15 caused by the
incredse in amount of water peeded for full hydration developed within the soil as a result
of the chemical reactions with the lime: while the reduction in maximum dry densities is as
a result of flocculation of soil fines and creation of loosely bonded aggregates in treated

sammiples caused by the added lime,



Table 4.5:

Summary of Test Results for Lime Treated Samples
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The vanations of MDD and ONIC wath Time content are shown m figures 4.3 1o 4.7
for samples AL C and D respectively, Figure 4,14 shows the vanation of optimum mioisiure
content with lime content

Generally from the diagrams, it can be seen that initially the optimum moistune
content decreases with increase in lime content but [ater increases with increase in lime
content, The imhal reducticn in the optimum maisture content may be due o cation
exchange. flocculation and agglomeration of the soil caused by the addition of lime which
decreases the plasticity index of the soil.

Plasticity and Waorkabhility

The effect of lime on Atterberg limits of the clay soils can be seen as shown on Table
4.5 and figures 4.15-4.18.

For soil type A, the plasticity index reduced drastically from 17% for 0%4 lime content
to 3% for 6% lime content, For soil type C, the reduction is not so appreciable bue for soil
D3, the plasucity index reduced drastically from 13% for 0% lime content to 2% for 6% lime
content. Also the plastic limit increased consistently for all the soil samples with increase
in lime content. Linear shrinkage of all the soils decreases with increase in lime conterit thus
increasing the shrinkage limit of the soils. The results obtained are as a result of floceulation
effect when lime reacted with the soils,

It can also be seen that there is increase in plasticity index with increase in hime

content from between 6% to 10%. This normally is explained by F.G. Bell (1993 ) that at

times lime treatment of kaolinitic clay soil increases the plasticity index.
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pH value

Fhe treatment of the samples with Time content changes the pH of the samples from
acidic to alkaline and the value mereased with increasing lime content tor all the sanples.
The pH value for sample A changes from 5.8 at 0% lime econtent to 1 1.3 at 1% lime comtent,
that of sample C changes from 6.1 at 0% lime content to 11.4 at 10% lime content and that
of sample B changes trom 3.7 al (%4 lime content 1o 1 1.4 at 10% lime content.  These
changes resulted from the change in chemical properties and composition of the sample due
to their chemical reactions with the lime additive.

California Bearing Ratin (CBR}

Califomia Bearing Ratio tests were carried out on samples A, € and D, using lime
treatment at varied proportions at their varous optimum moisture contents. The values ol
CBR are shown in Table 4.5 for cured samples and figures 4.8-4.10 show the effect of lime
on CBR value of the samples. For sample types A and C, the CBR values increased
drastically for cured samples and reached the maximum at 6% lime treatment; it then reduced
sli__ghti}' at higher values of lime treatment. For sample type A the CBR value increased from
2% at 0% lime content at 4 davs curing time to 17% at 6% lime content st 7 davs curing
time. Al 28 days curing period the CBR value inereased to 97% at 6% lime content.

For sample type C, the CBR value increased for 14% at 0% lime content at 4 days
curing time ta 45% at 6% lime content at 21days curing time. For sample type D, the CBR
vatlues increased drastically for cured samples. The CBR value at 10% lime content gives
a better increase in strength. The CBR value increased from 24% at 0% lime content at 4

days curing time to 98% at 10% lime content for 28 days.
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The UBR valwes werease with pee for all the samples. Cunng timmie 15 g sironge Lactor
in the development of strength of lime treated lateritic sols. Pype ot soil s also a factor in
the development of strength of lime treated soils.  There is always a sharp increase in
strength of soil treated with lime In the first 7 davs, then gradual increment for the
subseguent davs. These immediate effects which give a substamial improvement in strength
and stability of the soil within the first 7 J:L}Iﬁ can be expected for highly plastic cohesive
soils especially sample tvpe A, The eflect of curing time on the samples treated with hme
content is as shown in Figures 4.11-4.13. The CBR values increase with increase in curing
time due to a pozzolanic reaction that takes place in the soil-lime mixture.

Unconfined Compressive Strength Test (LICS)

To determine the suitability of samples for treatment with lime content, unconfined
compressive strength tests were carried out on the three samples as mentioned earhier. The
samples were tested at 7, 21 and 28 days to determine the effect of age on strength of the
samples. Table 4.5 shows results of unconfined compressive strength on the samples treated
with varying percentages of lime. The variation of unconfined compressive strength with
lime cnr-m:nt for samples A, C and D are shown in Fig 4.3-4.10 while the effect of curing
time on the samples treated with lime as shown in Figures 3.11-4.13.

The effects are similar to those obtained for CBR tests. For sample types A and C,
the UCS values increased substantially for both cured and uncured lime treated soils and
reached a maximum at 6% lime treatment: it then reduces slightly at higher values of lime
treatment. For sample type A, the UCS increased from 1.41MN/m® at 0% lime content at 7

days curing time to 3.6MN/m’ at 6% lime content at 7 day curing time. At 28-day curing
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pertod, the L OS meeeased w 320N me at 6% Lime conwent,. Por sample pepe Cotbe L0 S
increased from 223 MN/m® at 0% lime coment at 7 s curing time 10 632N 'm ot [
lime eontent at 7 davs curing time. At 28 divs curing period. the UCS increased o
BATMN m” at 10 lime content.  For sample wpe D, the UCS increased substantially for
cured samples. The UCS increased from 3 6MN/m™ ar (74 lime coment at 7 days curing time
w 6. 140N m™ at 10% lime comtent. - At 28 davs curing perind the 1CS increased
o7 O6MN/m" at 1074 lime content.

The addition of lime to all the samples is beneficial in that it gives strength 10 the
soils. The rate of increase in strength for sample type A is highest and s followed by that
of sample type C, The difference between the unconlined compressive strength of the matural
and lime treated samples has been used as indication of the degree to which the soil-lime
pozzolanic reaction has proceeded. Substantial strength increase indicates that the soil 15
reactive with lime and can probably be stabilized w produce 4 good base and subbuse
material,

Shear Strength Parameters (C - )

I'he cohesion values of natural samples are lower than the cohesion values of the lime
treated soils. The angle of friction also follows the same trend.

For natural soils, the cohesion and angle of friction values for soil tvpe D give the
highest values while those of soil type A give the least values as shown in Table 4.5,

For sample type A, the cohesion increased form 17.5kN/m" at (%% lime content 1o
138MN/m® at 6% lime content at 28 davs .turing time. For sample type C, the cohesion

increased from 30kN/m’ at 0% lime content'to 133 kN/h at 6% lime content at 28days
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curing time. For sample type D, cohesion decrease Dom 635X m® at 0% Bt comtent to
aittk™ 'm" ar (5 lime content at 7 days curing time, For sample topes A and C, the cohesion
of the mixtures was substantially increased compared 1o the natura] soils and cohesion
continted to merease with increased undonlined compressive strength. Using the linear
regression equation shown in Fleures 4.19 1o 4 .21, cohesion values can be estimated from
unconfined compressive strength results, For mr-il- tvpe 12, the cohesion of the maxtures was
substantially reduced compared 1o the natural seds but the linear regression equation shown
in Figure 4.21 shows that cohesion reduced with increased unconfined compressive strength.

For sample types A and C, large shear strengths can easily be developed when they
are treated with lime.

Compressive Strength (Crushing)

Compressive strength tests were carried out on treated samples to determine the
compressive strength of the treated samples with varving proportions of the additive.

Results of compressive strength test are given on Table 4.5, While the samples at 0%
lime coptent gave negligible values, lime treated samples gave appreciable results. For
sample type A, the average compressive strength values increased from zero at (% lime
content to 0.88N/mm’" at 6% lime centent for 28 days curing peried. For sample type C, the
average compressive strength values increased from zero at 0% lime content to 118N 'mm’
at 6% lime content for 28 days curing period. For sample type D, the average compressive
strength values increased from zero at 0% lime content to 1.30N/mm* at 1024 lime content
for 28 days curing pericd.

Sample type D gives the highest values of compressive strength while type A gives



the lcast valuss,

Ola (1983) stated that the mininmum-acceplable compressive strength for stabilized
soil as base material is 1.03N/mm” which indicates that sample type A should rot be used
as base material even after being stahilized with lime. Sample tvpe C could be used If
allowed to cure for at least 28 days while sample type D could be used alter curing tor 28
days with a reasonable lime content of 2%,

Stress-Strain Characteristics

Stress-Strain properties ace essential lor properly analyzing the  behavioural
characteristics of a pavement structure containing a soil-lime structural laver. The marked
effect of lime on the compressive stress-strain propertics of fine grained soil are shown in
Fig. 4.22-4.24; the failure stress is increased, and the ultimate strain is decreased for soil-lime
mixtures relative to the natural soils. For all the lime-treated and untreated samples. the
failure stress for uncured samples are higher than for cured samples. But the uliimate strain
does not follow a particular pattern. It either decreases or increases. The results of the tesis

as shown in Table 4.4,
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Tahle 4.6: Summary of Test Results Containing Stress and Strain of both Lime Treated and Unireated Sumples
Average Stress KN/m'
Strain T ) : = :
¥ Sample Type A with Lime Content Sample Type C with Lime Content Sample Type 1Y with Lime Cuntent
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CHAPTER FIVE
DISCUSSION OF RESULTS
OBSERVATIONS ON THE RESULTS

Results of the various tests comed out ongthe samples show that the addition of hime
to natural sampics resulted in imereased strength over the natural samples. This s in
accordance with the works of other investigators like Murphy  (1991), Ola (1983) and
Lundy Jr. and Greenficld { 1968).

The physical inspection of the samples revealed that their colour vares from
brownish red clay to brownish gravelly ¢lav, Sample tpe A 1s vellowish brown clay, sample
tvpe B is browmish gravelly clay. sample type C 15 browmish red clav, sample tvpe D is
brownish red clay and sample type E is brownish red clay.

The natural samples have the following properties, the percentage of fine grains
ranges from 26% to 58.4%; their plastic limit ranges from 16% to 27%: their plasticity index
ranges from 12% 1o 1 7%%; their specific gravity ranges from 2335 o 2.539: their pll values
ranges from 5.7 1o 6.5; their maximum dry density ranges from | 8ge'ce o 2. 2w/ccs their
optimum moisture content ranges from 11 to 16; their group index ranges from 0 to 8. The
s0ils are A-2-6 and A-6 types bases on AASHTO Classification svstem.,

From the clay identification chart; using plastic limit and plasticity index as
parameters {alter Brain 1971), all the sml samples have kaolinite type of minerals. From the
plasticity chart for classification of cohesive soils (after Casangrade 1932), soil types A. U,
D and E are inorganic silty clay and have medium compressibility while soil tvpe B 15 in
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orgame ¢lay and has low compressibulity, Based on AASH O classaticaton system ra
as subgrade matenal, soil types B and D are rated between excellent and good while sl
ivpes A, C and E are rated between fair and poor. This is an indication that soil types AL ©
and E are not good for use as subprade material except they are stabilized.

The chemical composition show that the silica to sesquioxides ratio (510 ALOD. <
Fie0,) for soil type Adis less than 1.33 which is indeative of laterites while other types ot
soil are lateritic soils hecause their silica o sesguionides ratio is greater than 133 and less
than 2.

CBR. UCS, cohesion and angle of friction values are highest for sample type D and
leust for sample npe AL Soil type D has the highest steength while soil type A has the least.

The addition of lime to the samples generally increases the optimum moisture content
and reduces the maximum drv densities as lime content is increased with the mte of reduction
more pronounced between (%6 and 2% lime content. In the lime treated samples. the
plasticity index also reduced drastically: For sample tvpe A. Pl value reduced from 17% 1o
3% at 6% lime content; for sample tvpe C. the value reduced from 13% to 11%a at 6% lime
content zl.m:l for sample type D, the value reduced from 15% to 2% at 6% lime content. The
plastic limit increased consistently for all treated samples with increase in lime content.
Linear shrinkage of all the soils decreases with increase in lime content thus increasing the
shrinkage limit of the samples, As explained by Davidson and Handy (1960). calcium fons
from lime cause a reduction in the plasticity of cohesive soils which make them to become
more silty and friable thus causing a significant improvement in workability and this

expedites subsequent manipulation and working of the lime treated soils.
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The CBR of tremted simples mercased -drastacally: from 2% to 97" for santple 1o
A al 6% hime content which makeés it to satisly the CHR eriterion aof 8076 bused on FAW
highway manual. The soil after treatment with lime will become uselul as highwas
construction matenal. CBR values increased with increasing oge of the treated sample. Age
15 a strong lactor in the development of strength of lime treated lateritic soils. The sharp
mcrease in strength of sonl reated with lime in the frst 7 days is as a resuit of ¢hemical
reaction laking place between the lime and the soil which impacts increased strength and
stability into the soil especially the highly plastic cohesive soils like tipe A,

The UCS of treated samples inereased also drastically from |L41AN/m w0 3.6MN'm-
for sumple tvpe A within the first 7 davs which makes it 10 satsfy the UCS criterion of
1.7MN/m* thereby making the soil suitable as highway construction material  The strength
ncrease is as a result of soil-lime pozzolanie reactions.

The cohesion and angle of friction parameters of shear strength both increase with
increasing lume content. The strength developed by the mixture would be adequate to prevent
shear faEIure.

OTHER BENEFITS OF LIME TRF.'..-’ETED S0OILS

The main benefits obtained when lateritic soil is treated with lime are improved
workability. increase in strength and volume stability. Lime increases the optimum moisture
content for compaction which is an advantage when dealing with wet soils. It reduces the
variability of the density produced, while path rutting and pot holing are reduced resulting
in low maintenance costs. It forms an effective moisture barmer to downward percolation or

capillary action.
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Lateritic soils stabilived with Time have other nses . for providine oo cost s
unis: It can be used as load bey ring walls and partition walls.

In the construction of stabilized soil roads. cost of construction can be brought doswn
considerably by swbilizing locally available poor soils with lime, Lime being a cheap
stabilizer which is effective for stabilizing clayev soils with high plasticity redugces the
thickness of water [ilm surrounding individual soil partickes and impaets strength and makes
the mixtures more durable and stable, A much us 0% of say ing van be effected by using
lateritic soils treated with lime over the costly stone aggregates for road construction

(Vazirani and Chandola, 1984)
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CHAPTER SIX

CONCLUSIONS AND RECOMMENDATIONS

COMNCLUSIONS

The: properties and charactertstics of lime treated lateritic soils vary siemiticantly

depending on the type of sl amount of additive. type of additive and curinz condiztons

including time. temperature and moisture.

The results of this investigation have showed that beneficial etfects are obtained by

the addition of small amounts of lime to lateritic soils and specifically the results lead to the

fullowing conclusions:

(1}

(i)

{ii1)
(iv)

(v}

The dry density of the mixture decreases with increase in lime content with the rate
of reduction of maximum dry density being more between 0% and 2% lime content
while the optimum moisture content increases with increase in lime content.

The plastic limit and the liquid limit of the mixture increase with increase in lime
content while the plasticity index of the mixture reduces consistently with inorease
in lime content from (% to 6% but increased slightly from 6% to 10%.

The linear shrinkage and swell of the mixture decrease markedly.

Tests on both the cured and uncured mixes produced increases in CBR value with
increasing curng time and lime content until 1t reaches the maximum at %o lime
content for soil types A and C and subsequently decreased with lime content but for
soil type D, it increased up to 10% lime content.

The unconfined compressive strength of the mixture increases with increase m
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(vl

(w11}

(viii)

{ix)

(X}

curing time and lime content until it reached the nssimom and =uhsogqueent!s
decreased with anereasing hime content

The shear strength of the mixture increased with inonease in curing time and lime
content.

The failure stress of the mixture increased with increase in lime content whale the
ultimate stedin reduced with increasing lime content, The Young s modulus of the
mixture 15 thereby increased with inereasing lime conert,

so1l tvpes C and D with 6% lime treatment can be used as base material i pavement
construction while soil tvpe A with 6% lime treatmient can be used as sub-base
material according to Federal Ministry of Works of Nigena highway standard.
Lime treatment of lateritic soils improve their characteristics but at different rates, It
15 best suited for highly plastic clavey soils.

The minimum lime content required for treatment of the lateritic soils for use as

pavement construction material 15 $%.
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L b

RECOMMENDATION

Un the basis of the test results, observations and conelusions, the (ulloaing

recommendations are being made:

i

Lit)

i)

(v}

The use of lime as a soil improvement technigue for Laertes and lateniie soils should
be encouraged for heavy elay soils like soil sample tvpe A,

[his type of investigution should be extended 10 other tvpes of Literitic =oil deposis
in Nigeria.

Lime processing company should be established by the necessary povernmental
agency to reduce the cost of lime. Since the lime used in this investigation is the
imported white hydrated high calcium lime. There is also a large deposit of lime
stone in Nigeria.

Freld tests on roads with lime stabilized laterite base should be encouraged.
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APPENDIX

Compaction Table for both Lime Treated and Untreated Samples

SOIL TYPE TYPE A TYPE B TYPE C TYPE D TYPE E
Test No, / 2 3 4 ) 2 3 4 ! Z 3 4 / 2 L 4 i 2 3 ¥
%% Lime Content
oustiere Content {m) [0y | 140 176 | 208 57 an 10 1.6 1% 2T 1 1582 |4 4 Th L e 14 1.7 LEN TH |76 155
ry Density Id {gleeh |78 | 1.#0 1. T2 1.6k 208 2.1 03 193 | 1.5 I | 176 | &7 155 .52 1.6 .92 152 | 1.7 1.7u 1. 73
2% Lime Content
Naisture Content (m) B8 13.2 9.1 221 .4 K 123 1d.2 11.5 136 4.2 155 (LR 14.2 {69 | 175 0 I 147 | 6a.5F
pry Dlensity i {jricc) 1.t 167 | 1.65 .62 I B0 [ [ 198 | .69 .72 I.7a | 1.7 | .63 1,75 |1 1.7% L2 |. &4 |54 | Bk
%% Lime Content 5
foismuire Content (m) 1.8 | 150 | 16.8 | 232 T.3 s 146 16,6 g3 121 4.8 | 188 69 139 154 155 g2 lih5 [RE 29
bry Density fd(glee) | 166 | 0 | 17D | L&l LBS | 195 | 1o | 150 | le0 Jue2 1o | ieg | ISR ) LT bie | Lve | 1 | 1K) I8 | 171
1% Lime Content
Tivsture Comtentdm) | 196 | 220 | 254 | 206 % Ko 13 (24 306 | 215 234 | 318 | 13y 151 (B3 | M3 [y L1z | 2o 133
L‘_v Diensiry b (pfec) 1.52 .57 I.56 .54 L] L%y | HE 1L%T | 1.56 | 1.6 | .6 | 4% 1.7 1.71 178 .72 |73 | 82 |tk .44
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