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ABSTRACT
The influence of the physical charactenstics and composition of three selected laterite
samples on their engineering behaviour in the natural untreated state and on their
responsiveness to treatment with chemical additives was determined in the laboratory.

The additives used are cement; asphalt-emulsion; and mixtures of cement with
asphalt-emulsion in various proportions, The percentages of cement and asphalt emulsion
used are 2,46 and 8% for sonl cement and soil-asphalt emulsion. For cement
modification of asphalt-emulsion mixtures, the percentages of cement used are Y. 1 and
2% with each percentage ol asphalt-emulsion.

Adding chemical stabilizers to the samples generally increase their strength, the
rate of increase depending on the type of soil. Sample A increased from its natural CER
value of 20% to 120% using 4% cement; sample B gave a CBR value of 88% with 4%
cement from its 18% CBR value and at 6% cement it gave a CBR value of 150% while
sample C increased from its natural CBR value of 8% to 102% using 8% cement
conient,

Using asphali-emulsion to treat the samples gave CBR values of 110% and 80%
with 6% emulsion for samples A and B respectively, Sample C gave a CBR value of
60% using 8% emulsion,

Beneficial results were obtained using 1 - 2% cement with asphalt-emulsion for
treating all the samples especially the highly plastic and organic soil types such as soil
sample C which is often detrimental to successful stabilization with the use of only

cement or asphalt-emulsion thus bringing to enlightenment a new technology of

xi



improving the strength of locally available weak soils by pretreating the soil with small
amount of cement before the addition of asphalt-emulsion for required strength
characteristics, For the modified samples, the proportions of cement to asphalt emulsion
are 1:2, 2:2 amd 2:6 for samples A, B and C respectively,

The cost comparison of using cement; asphalt emulsion and combinations of
cement with asphalt-emulsion was carried out and results show that the soils can be

stabilized economically with well designed mixes of asphalt-emulsion and cement.
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CHAPTER ONE

INTRODUCTION
1.1  PREAMBLE
In practice, the soil engineer has many diverse and important encounters with soil.
Every work of construction in civil engincering is built on soil and in many nstances,
soils are also the raw materials of construction. Soil exist in a great variety, and are the
accumulated result of many separate factors and processes such as weathering of the
parent rocks, weathering of the soil itself at various stages of formation, means of
transporting the soil to its present location, the manner of deposition, drainage, wetting,
drying and many other factors,

Laterites are residual soils which result when some materials from weathered
igneous, metamorphic or sedimentary rocks are leached out in tropical and semi tropical
climates with heavy rains, high temperature and good drainage leaving behind soils with
high iron and alumina contents. For years now, laterites have been used for construction
purposes such as in road works and in the rural areas of Nigeria as building materials.
The abundance and cheapness of laterite and their use have reduced construction costs.
Construction costs have increased largely because of the ever increasing cost of
petrolenm products which has in turn caused tremendous increases in prices of all other
materials.

However, not all the laternte soils encountered on a site can be used directly for
construction purposes due to poor workability or poor strength characteristics of the soil,

In some cases, potential soil problems can be avoided by choosing another site or by



removing unwanted soil and replacing with desirable soil or by adapting the design to the
conditions on site, In addition, attempts are made to alter the properties of the existing
snil in order to create a new material capable of meeting the requirement of the task at
hand, Some engineering properties such as stiffness, strength, shear strength,
compressibility, permeability, workability, swelling potentials, sensitivity 1o changes in
moisture contents and many others may be altered by trestments ranging from simple
compaction to expensive techniques of grouting, drainage, water proofing, strengthening
by thermal means or by the application of stabilizing agents 10 the namral soil,

Over the years, the last approach has become more feasible and attractive and 15
called soil stabilization. The stabilizing agents may be classificd as cementing agents,
modifiers or water-proofers. The most commonly used are portland cement, lime and
bitumen. Before a soil is stabilized with chemical additives, the following questions must
be answered viz;

I can the stabilizing agent be mixed easily through the soil due to its igh moisture
content or high plasticity?

1. can the stabilizing agent be uniformly distributed through the s0il?

il 15 the needed amount and cost of stabilizing material economically feasible?

iv.  is the curing time such that it does not have a negative effect on construction
time?

V. can the stabilizer be used without any safety problems?

Vi is the stabilizer easily available and effective?

After considering all these facts, stabilizing agents are chosen according to the



type of soil, the problem at hand and the economics in their use, Siabilized soils have
been used m the construction of roads, airports, car parks, earth dams, building
foundation and in various other construction works and have been found 1o be effective
for enhancing the quality of problem soils, It 15 against this background that there is the
need to evaluate the use of cement in conjunction with asphalt-emulsion to improve weak

locally availlable materials for construction purposes

1.2 Background Information To Proposed Study
The use of chemical addiives to soil for construction purposes dates back to the
beginning of man's recorded history. Mixtures of lime and clay were used in the
construction of the pyramids of Shensi on the Tibetan - Mongolian Plateau and in ancient
China for the construction of bridges and dams. Studies on the mixing of soil and cement
were undertaken by several states in the U_S.A. during the 1920s, but it was not until
1935 that the South Carolina Highway Department demonstrated that soil and cement
were compatible materials and could be mixed together to provide a usable pavement
base (Draft TRH 13! Cementitious stabilizers in Road Construction, Technical
Recommendations for Highways, 1986), The use of cement in the treatment of road
construction materials in South Africa was first recorded in the early 1940s, and since
then, there has been a steady increase in therr use.

Bituminous stabilization has also been used successfully for construction works
in Nigeria, It has been used particularly in the North-Eastern part due to lack of naturally

available road stone that meets the acceptance standards, The first sand-bitumen stabilized



hased road was construcied m 1960 on the Mawlugun-Burma road and was followed o
1972 by the construction of a 150mm soil-sand bituminou$ stabilized base on the then
existing cement base of the road in 1970, Also, on the Damaturu-Bem-Sheik road, sand
bitumen stabilized base was used, (Ayodele Tbrahim, 1977},

The Kenyan government 15 currently carrying out some tests on a2 chemical
solution, Con Aid, which is expected to revolutionise road building and maintenance m
the country (Ogweno Bonyo, 1997). A process has been developed for use in UK, in
which asphalt emulsion has been used m conjunction with cement (Information Note:
Introduction to soil stabilization, Overseas Unit, Transport and Road Research
Laboratory, 1987) and which is the basis of this project, Although, the use of this
mixture has been investigated before as earlier mentioned, the effectiveness of the
addition has not been thoroughly explained or recorded. This present research is an

attempt to fill this gap.

1.3 Objectives
The objectives of this study are:

a. to examine the general engineering properties of 3 selected laterite soil samples
in their natural state.

b, to determine the mineralogical composition of these samples for establishing a
correlation between composition and successful chemical stabilization.

e to determine the effects of the chemical additives on the sirength of the soils.

d, to determine the feasibility of using cement and asphalt-emulsion, 1o stabilize the



three samples.
& o investigate the possible use of asphalt-emulsion mixed with cement a3 a
stabilization technique using the 3 samples.
f. to examine the response of these soils to varied percentages of the mixtures and
E. to determine whether the use of cement in conjunction with asphalt-emulsion can

be optimally designed.

1.4  Justification For The Study

Naturally occurring and crushed materials have certain inherent limitations which can
have far reaching effects on the performance of the pavement. Laterites, though
abundant in many countries have varied propertics from place to place and their
performance is diverse and unpredictable, This has brought about limitations on their
use in some construction sites. Many of these limitations have been overcomed by the
addition of a stabilizing agent to improve their properties or by various other means of
improvement. The economics of stabilization and of compaction provide challenges to
highway technology. Stabilization techniques in common use involve the addition of
cement, lime or bitumen to the soil. Almost all soils respond to treatment with cement;
however, chemical conditions of some soils (by interfering in the hydration of cement)
and high plastcity of others (by preventing intimate mixtures) which can either inhibit

the normal hardenine of cement or lead ultimatelv to a loss of durahilitv of the hardened

mscerial have limited the use of portland cement.

1ci ' i ; use of lme
Previous studies have pointed out peneficial results of simultaneous Use ©



and cement but the use of cement i conjunction with asphalt-emulsion has not been
thoroughly investigated, 1t 15 therefore necessary o investigate the use of this mixture
and determine their engineering properties for utility as road foundation and constrection
material. Laterite soils when stabilized with mixtures of cement and asphalt-emulsion
will have properties intermediate between those of soil cement and soil-bitumen in that
they possess some rigidity and are also fairly waterproofed and thus potentially constitute

a good method for improving some of the properties of soils.



CHAPTER TWO
LITERATURE REVIEW

2.1 INTRODUCTION
Laterites and lateritic soils have over the vears been given an increased attention by soil
engineers because of their wide-spread distribution and engimeering apphication.  The
word ‘Laterite’ was originally supgested by Buchanan (1807) as a name for a highly
ferruginous deposit first observed in Malabar during his journey through the countries
of Mysore, Canava and Malabar in [800-1801. Laterites have heen described as soils
which were developed topether with red and yellow soils under optimal moisture
contents. They result from changes which occur in zones of permanent and ntermittent
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 (S0, ALD;) as:
i true Jaterites (those with silica - alumina ratio less than 1.33),
ii, Lateritic soils (those with ratio between 1.33 and 2.0) and
1. Non lateritic with a ratio greater than 2.00

The British Association for the Advancement of science in their glossary of
Geographical terms (1961) defined laterite as a porous layer of reddish material formed
by weathering from the breakdown of rocks, chiefly under humid tropical conditions,
The material is heavily leached of silica and alkalis leaving a concentration of hydrated
form of aluminium oxide. Overseas unit, Transport and Road Research Laboratory

(1952) defined laterite as a tropical soil in which the weathering processes have resulted



in an accumulation of sesqui oxides particularly iron. Laterite s a granular type of earth
of a strong red colour, penerally well cemented together and with a high density in the
natural state, but which can easily be disintegrated by mechanical equipment, Giuseppe
{1969),

Also in 1969, Linle defined laterites as in-situ products of tropically weathered
lgneous rock which has decomposed partially or totally with a concentration of iron or
aluminium sesqui oxides at the expense of silica, Vallerge et al (1969) gave what seems
the most generally acecepted definition of laterite as a hardened material formed by the
primary weathering of residual so1l in which sesquioxides are present in parent |'n-::il.' or
by the secondary leaching cementation of transported or residual soil in which the
sesquioxides are supplied by lateral ground water movement.

The dictionary of Earth science defines laterite a5 a layer of deposit formed from
weathering of rocks in humid tropical conditions and consisting mostly of iron and
aluminum oxide. Furthermore, a number of studies by several researchers revealed that
laterite is a weathered product of various materials including crystalline igneous rock
sediments and volcanic ash, From the various definitions above, there js the consensus
opimon that laterite contamns aluminium, iron and silica in varied proportions and based
on the constituent components of laterite, each definition follows the type of laterite

formation available.



2.2  Laterites
2.1.1 Origin And Formation of Laterites
Laterites are products of weathered rocks which accumulate in place mostly in very warm

humid regions. Some theories were put forward to account for the origin and formation

of laterites and these theories vary in concept and view. Basically, laterite is formed by
weathering under conditions that lead to the removal of silica, alkalis, and alkaline
earths. The resulting concentration of iron and aluminium 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 to the atmosphere, as long as the supply
holds, The weak solution produced by leaching of the rocks during the wet season thus
become concentrated by evaporation and dissolved minerals are deposited which leads
to the accumulation of iron and alummium hydroxides which are insoluble and are not
re-dissolved during the raining season and are theretore left at or near the surface where
they form a thick red to blackish soil called laterite, from the latin word "later" which
means brick.

Besides, studies conducted with various samples of the soil in tropical regions
revealed that because laterites originate from Precambrian basement complex, they exist
m a great variety and their characteristics depend on the parent rock or the geclogy of
the area. Mohr and Mazhar (1969) gave four basic conditions were given for laterization,

namely:



. Availability of ron rich mineral in the parent bed rock

b. High soil permeability and ample ground water movement through the soil

L. Presence of ample oxygen in the ground water in order to form iron oxide and
d. Presence of a primary neetral or acidic geochemical environment.

Gidigasu, (1976} also expressed the opinion that laterite is composed essentially
of secondary oxides of won and alumina or both and contains large amounts of quarnz
and kaolinite. Levinson (1974) noted that for the formatoen of latente, the optimum
conditions appear during the high seasonal rainfall, high temperature, intense leaching,
strong oxidising environment, subdued topography, a long duration of weathering and
a chemically unstable rock. Therefore, laterite originates from tropical weathering of

some rocks which include micaceous schists and dolerites,

2.2.2 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-Africa. Their extension show that their
formation 1s favoured by some conditions at one time or the other in the history of the
world but not necessarily simultaneous at all points, Prescot and Pendleton (1952)
concluded that Laterites are widely distributed in the semi-humid and humid inter-iropical
regions of the world, and laterites in fossil states are found in drned climates and
sometimes 1n temperate climates, Also as hardened occurrences, laterite extends beyond

sub-humid tropical climarte to desert regions where there are indications of humidity in

the past.

10



Abundance of laterite gravels and soils are located in the precambrian basement
complex area in the northern part of Nigeria. They are found in large quantities in the
southern parts of Nigeria and constitute about 50-70 percent of their total soml. Laterites
can be associated with a characteristic profile forming the following level in descending
order as shown in fig.2.1
I A surface zone with ferruginous incrustation and concretion
2. A lateritic bed
3. A zone of primary alteration to Kaolinite

4. A fresh zone of unaltered rock.

L Lk e g N st ot Y= P SarEns Eonk

b
0
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¥
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P EX - - - Lateritic bed
= == = = - B =
Y ] - = - =
e - — e = e | -Zooeof primary alteration oK
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B & 0N N A a op |- Fresh zone of unaliered r

Fig. 2.1: Typical laterite soil profile,

2.2.3 Properties and Composition of Laterite Soil

The physical properties of laterite depend on the properties inherited by the soil from the

11



parent rock material, environmental factors and characteristics of the locality in which
the soil has been i the course of 1ts geologic history (Gidigasu, 1976). In permanent
moeist condition, faterite s $0ft but when it s exposed to the atmosphere or by fall of
water table, the material hardens irreversibly by dehydration to hard lateritic forms. The
colour of laterites vary from one source to the other, but the most common ones are red,
reddish brown or yellowish brown, pink and reddish shades of other colours,

According to De. Graft-Johnson {1969), the specific gravity of laterite falls within
& wide range of 2.2 10 2.8, He also observed that the higher the degree of latenzation,
the greater the specific gravity. Moreover, the specific gravity for the coarser fraction
is generally higher than that of the finer fraction. Also their specific gravities vary in
relation to their chemical composition, increasing with iron content and decreasing with
alumina. The specific gravity of oxidized forms is higher than that of hydrated forms.
Also the looser the structure of the soil, the lower is the specific gravity of the same
composition.

Laterite is incompressible and does not swell under severe conditions of water and
this reduces differential expansion and strength changes. It is easily compacted which
ensures higher dry density and strength under a given amount of compaction. At low
water contents, laterite is characterized by excellent values of angle of internal friction
due to the high percentage of guartz in it. Alexander and Cady (1962) viewed laterites
under a microscope and noted useful details on the arrangement of the elements present
in their microstructure. In a section of laterites, they observed spheroidal or elongated

particles that are dense or spongy. The round elements completely fused may be

12



separated or highly clustered. The outline varied from specimen (o specimen. A
specimen may be homoegenous in appearance without may distinguishing features or may
exhibit regular patterns. Newill and Dowling, 1970 pointed out the difference belween
laterites m western Malaysia and those in northern Nigeria. He noted that nodular laterite
15 more common in Malaysia while in Nigeria, 1t exists in the form of laterite crust
overlying sandstone, granite and gneiss,

However, from the analysis of the properties of laterite around the world, it could
be observed that these properties depend on the parent rock from which they were
formed. Furthermore, from chemical composition, laterite is formed when the ratio of
silica to sesquioxides (8,0, (Fe,0;+ A1, 0} is less than 1.33 and we have non lateritic
soil if the ratio is greater than 2.00 {Martin and Doyne, 1930).

Conclusively, it has been observed that laterite soils have some mineralogical

composition such as silica, Kaolinite, Geothite, Gibbsite, Heamatite, Micro cline and

Quartz.,

2.2.4 Economic Importance of Laterite

Laterite are traditional road building materials available in most parts of West Africa and
several other countries. They are extensively used for various construction works all
over the world. Indiscriminate use of laterites without fully appreciating their limitations
has resulted in the failure of a large number of road pavement in this country. Based on
the engineering properties of laterite, they are used in the following ways:

i. For roofing local buildings.

h



1 Construction of earth structures, such as earth dams

il tor brick making.

iv. For structural foundations as in dams and irrigation works.

v, For the construction of local silos for storage purposes in the Northern pant of

Migeria and
vi. For making local ovens for baking.

Considering the natural strength of laterite, they are good as subgrade for airfield
and highway pavements. The softer types are good subbase courses while the harder
materials are good for subgrade courses. They can be used for earth roads, compacted
at required moisture content and are capable of supporting heavy traffic. However when
the road is exposed to weather, it becomes dusty during the dry season and pot holes
develop when traffic passes during amd after ramnfall but this can be prevented by

adeguate maintenance of the road.

2.3 Soil Stabilization

Soil stabilization is the process by which natural soils and aggregates are improved for
enginéering use. It is-a technigue used in the construction of road bases and sub-bases
and for the treatment of subgrade soils. The simplest and most cost-effective forms
include improvements in soil by compaction and drainage. Another method (known as
mechanical stabilization), involves the blending of different natural materials to obfain
a mixture with the desired engineering properties in terms of grading and plasticity.

More commonly, soil stabilization is recognised as the improvement of natural materials

14



by the addition of a small proportion, usually less than 10 per cent, of a stabilizing agent.
This may invelve the addition of additives such as cement, lime (usually hydrated lime),
bitumen or & chemical stabilizer such as sodium silicate, calciwm chloride, or induscrial
wastes and resins depending on the nature of 501l to be stabilized. The improvements
which can result from stabilization inclhude the following:

I Increase in strength

ii. increased resistance to the effects of water

I, drying of wel soils

Iv. volumetric stability

V. improved workability and

Vi, improved durability.

Cement, lime and bitumen stabilization are used either to improve strength or to improve
workability or for waterproofing (Cementitions stabilizers in roadworks, Draft TR H13).
Portland cement has been used with great success 1o improve existing gravel roads, as
well as to stabilize natural soils. It can be used in granular soils, silty soils, and Jean
clays, but it cannot be used in organic materials., Another cementing agent, which is
often used is hydrated lime. Lime increases soil strength primarily by pozzolanic action,
which is the formation of cementatious silicates and aluminates. This material is most
efficient when wsed in granular materials and lean clays; the quantity required for proper
hydration generally is rélatively low. Flyash 15 generally high in silica and alumina.
Therefore, the addition of flvash to lime stabilized soil speeds the pozzolanic action but

the quantity of flyash required for adequate stabilization is relatively high, restricting its
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2011 Seil And Cement Reaction
The primary and most important reactions are the hydration reactions of the cement with
water 1 the soil, These lead 1o the formation of cementitious materials, (calcium siliz:am
and alummate hydrates as in concrete).  The reactions occur almost independently of the
nature ol the soil and it 1s for this reason that cement can be used to stabilize materials
ranging from cohesionless sands and gravels, to silts and plastic clays. The hydration
reactions release hydrated lime (about 30 per cent by mass of added cement) which can
cause secondary reactions with any reactive elements {e.g. clays, Myash, etc.) within the
soil. The secondary reactions produce cementitious products similar to those of the
primary reactions. Hydration reaction starts immediately on contact of the cement with
water and proceeds rapidly with very significant strength gains within the first day. The
secondary reactions are similar to those that occur in lime stabilization and proceed
slowly with time. However, it is essentially the characteristic bonding of particles by the
cement that provides early and long-term strength and thus determines the engineering
properties of cement-treated materials. The differing properties imparted by varying
cement content produce materials for different usages. Hence for practical reasons, two
categories of cement stabilized materials have been identified. These are cement
‘modified” materials and cement "bound™ materials Bulman, (1972).

Cement modified materials are used and evaluated in the same manner as
conventional unbound flexible pavement materials. Small cement contents are used
primarily to reduce the moisture susceptibility of soils and (o increase shear strength and

CBR, without endowing the material with a significant modulus and tensile strength. The
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modified material is assumed to have a very close spaced network of fine, benign cracks
and does not develop the open systematic network of widely spaced open cracks of some
bound materals.  Fine-grained gravels, very clayey gravels, silty sands and other
materials without significant particle interlock are not suitable for cement modified
products as they deteriorate rapidly with use. If used for cement stabilized bases they
should be designed as "hound” materials,

Cement "bound" materials have a sufficiently enhanced elastic modulus and tensile
strength to have practical application in stiffening the pavement. Bound materials have
high moduli n the range 2,000 to 20,000 Mpa and their use in some situations can lead
to reduced pavement thickness. To obtain the full value of a bound material, it is
necessary to resort to elastic methods in pavement design and use fatigue performance

criteria,

2.3.1.2 Strength Parameters

The strength parameters stabilization are

L. Ape

After rapid strength gain in the first one to two days, cement stabilized materials continue
to gain strength slowly, provided curing is sustained (Fig. 2.2). Elastic modulus also

increases with age,
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Fig. 2.2 Effect of Age on strength of various soils stabilized with 5% cement (after
Met - calf, 1973).

ii. Unconfined compressive strength

The unconfined compressive strength has been extensively used to determine the response
of materials to cement stabilization, but it has little direct application 1o pavement design.

It is hetter to use some form of tensile strength testing which has direct bearing on the

design,
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18 CBR And Texas Triaxial Tests

These test methods have application to modified materials but not to bound materials.
However, there are limitations to their use in modified materials. Small additions of
cement to well-graded granular materials will commonly lead 1o large increases in
measured CBRs, Such CBR's may grossly over-éstimate the strength of the material in
service due in part to weak cementation bonds which may be destroyed in service. The
CBR measured at high strains, when such bonds are likely to be broken (e.g. at Smm
pen) is probably more represenfative of in-service strength.  As with all strength
considerations, the principal variables are particles size distribution, density, and cement
content. Increasing cement content lead to increased strengths in both the soaked and
unsoaked conditions.
iv. Tensile strength and Strain.
These properties are of particular significance i the design of cement bound layers
which are relatively brittle, with a high modulus and very low tensile strain at frn-:il;rc.
Their behaviour under triaxial compression does not fit the Mohr-coulomb theories but
fits better the Griffith crack theory. Tensile strength is influenced by particle size
distribution, moisture contént, cement content and density., Maximum tensile strength
would usually occur for materials compacted close to optimum moisture content.

Cement bound materials fail in tension under low strain. The critical strain

usually decreases with increasing modulus,
V. Elastic Modulus

When a cemented material is loaded beyond a certain limit, micro cracking first develops
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at the nter-face between the coarse particles and the matnx and increases upon
subsequent loadmg, and eventually the microcracks join up, the matrix disintegrates, and
the treated material no longer behaves like a4 cemented material. From laboratory
flexural and compressive test results, micro cracking starts at about 35 per cent of the
ultimate strength and at about 25 per cent of the strain at break during initial loading; the
strenigth versus deformation is linear-elastic up to the onset of microcraking and

thereafter becomes non-linear and non-elastic {Introduction o soil stabilization, 1987)

2.3.1.3 Condition Appropriate For Cement Stabilization

Overseas umt {1987} gave lwo main factors for cement stabilization:

L. Soil factors, dealing with the composition of the untreated soil and its response
0 cement
. Production factors concerned with the quality of the cement, and water and the

methods used to construct the stabilized materials.

1. Soil Factors

It was observed that cement is particularly effective in stabilizing medium (o low
plasticity materials for use as pavement layers. Although it is possible to treat almost
any 501l with cement to improve its properties, in practice it is difficult to treat fine,
clayed materials with cement owing to the high cement content required and the difficulty
of pulverizing the soil and mixing-in the cement; hence lime is 4 better stabilizing agent
for this type of soil. Natural soils with low volume of voids when compacted require

only small cement content for a specified strength gain,  Also well-graded materials
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{GW, GC) require relatively small cement contents compared to poorly-graded high-void

materials (Guide to stabilization in road works, 1986), Table 2.1 shows the property

lims for effective cement stabilization,

Table 2.1: Guide to Property Limits For Effective Cement Stabilization

{a) Property limit
Maximum size
Passing 4.75 mm
Passing 425 -um sieve
Passing T5-um sieve
Finer than 2-um

(b Plasticity

Liguid Limit

Plasticity Index

& Production Factors

Particle size
75mm
>50%
=13%

< 3%

< 30%

<40%

<20%

The quality of the stabilized soil according to Anwar and Rurik (1964) is very dependent

on the production processes which include the following:

1 Breakdown and Mixing

It was observed that an even distribution of cement ensures its most economic use ‘and

increasing the laboratory selected cement content reduces mixing inefficiencies. Plant
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mixing leads to high quality medified and hound materials because there is even
distribution of cement throughout the full design depth. Cohesive materials are properly
broken down to enhance mixing well with cement and Plastic soils pre-conditioned with
a small percentage of hydrated lime or guicklime or cement for efficient break down thus
enhancing the stabilization (Coyne and Ripple, 1975).

ii. Water Quality

Previous works and stabilization have pointed out that water suitable for making concrete
15 also suntable for use mn cement stabialization. Water having organic matter or a high
sulphate content (i.¢ above (.05 per cent) 15 unsuitable so0 as to prevent sulphate attack
on the stabilized material and the quantity of water added depends on the desired
maximum dry density.

ifi. Compaction

The addition of a stabilizing agent to a soil usually has various effects on optimum
moisture content and maximum dry density depending on the type of soil and stabilizer
used, It is usual practice to complete compaction within hours of the addition of cement
depending on weather conditions and laboratory density tests carried out with care, It is
important to replicate likely field moisture conditions in the laboratory,

iv.  Curing

Cement stabilized materials are cured to;

a, ensure that there is always adequate water for complete hydration reactions

b, Limit drying shrinkage while hydration proceeds and the material is strengthened.

A curing membrane are applied in some cases to prevent the dryout of stabilized
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materials due to continual loss of water to the atmosphere or alternatively [requent
surface walering may be applied o keep the stabilized matenial damp. For lsboratory
prepared specimens, it 18 usual to Keep samples in sealed, am-tight bags at constant
temperature. Some samples are also soaked after curing by complete immersion in water

{(Anwar and Rurik, 1964).

2.3.2 Bituminous Stabilization

Bituminous stabilization of a soil-aggregate mixture is usually intended either to introduce
some cohesion into non-plastic materials or make a cohesive soil less sensitive to loss of
stability with increased moisture content. Both effects stem partly from the formation
of films around the soil particles, which stick together and prevent the absorption of
water, and partly from simple blocking of the pores, preventing water from entering the

501l mass.

2.3.2.1 Bituminous Material

The bituminous materials that are used for stabilization works are mostly:

i Hot Bitumen

1. Liguid bituminous products in the form of cut-back bitumen or the lower grades
of tar,

ii. Bitumen Emulsion either as anionic or cationic emulsion. Stabilization with hot

bitumen involves a temporary change of state of the stabilizing material by

significantly increasing its surface area at the point of mixing. Bitumen
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emulsions and culbacks are usually used in stabilization works.  Basically a
cutback 15 a bitumen + a solveni. Three designation are used RC, MC and 5C
meaning:

RC (rapid curing) = AC (30 pen) + gasoline

MC {medium curing) = (120-250 pen} + kerosine

SC (slow curing) = AC + slowly volatile oil (e.g. diesel oil)

Since the solvent in the SC cuthacks remains to a large extent in the mix, 5C
cutbacks are called Road oil. In a rapid curing cutback, the solvent evaporates within
a few hours and in a medium curing cutback it will take a few days while in the slow
curing cuthacks, it will take a number of months. A designation in number is also osed
{e.g Rc-250) 1o indicate the viscosity.

Asphalt emulsions are liquid mixtures that contain asphalt cement, water and an
emulsifymng agent. They are graded according to the time it takes for them to break or
come out of suspension, and are referred to as rapid setting (RS), medium setting (MS)
and slow setting (55). Also a number (1 or 2) is used after the letter  (eg. Ms2), The
lower numbered grades are the most fluid (i.e. a Ms-1 emulsions is more [uid than a
MS-2). Sometimes a small letter h is used afier the number (MS-2 h) meaning that the
base asphalt 15 a harder grade.

There are two types of emulsions, anionic and cationic. In the latter case a C is
used in front of the grade indication as C Ms - 2 where the particles of bitumen are
negatively and positively charged respectively, The types of cutback bitumen most

commonly used for soil stabilization are the medium - curing types - Mc-1, Mc-2 grade.
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However, both reoid curing and slow curing cut back bitumens of similar viscosity have
also frequently be=n used, The characteristics of the cuthack bitumen will depend on the
particle size diseribution of the sand, the temperature of application and the type of
mixing plant, Briumen emulsions aré generally only suitable for soil stabilization m
chmates where raoid drying conditions occur, since this is equivalent to adding water o
the so1l as well as a bituminows binder. In the British [sles, this tends to make cohesive
soils plastic since in the natural state they often have a relatively high moisture content.
In dry conditions however, such as in the middle East and part of Africa and India, the
water in the emul=ion may be an advantage sinee it helps o provide part of the optimum
fuids content to the compaction thereby reducing the amount of water necessary for this

purpose (Guide 1o stabilization in roadworks, 1969},

2.3.2.2 Soil Types And Conditions of Mixing

The most suitable tvpes of soil for stabilization with cut back bitumen or tar, are slightly
moderately plastic sands and gravels provided the clays present are such that the soil
agglomerations nuay readily be granulated in the moist condition and intimately mixed
with the stabilizer and mixing should be carried out near optimum fluid content. Care
must be taken noc 1o bring the fluid content too high, the stabilizing material acting as
a liquid for compaction purposes, Bitumen can be incorporated into cohesive soils to
waterproof them as g means to maintain low moisture contents and high bearing
capacities.

The most suitable soils for emulsion stabilization are well-graded non-cohesive

2B



to shightly cohesive soils (sands) with plasticity index less than 6. The distribution of
emulsion throughout the soils 15 influenced by the moisture content of the soil. Dry soil
causes the emulsion 1o hreak prematurely resulting in the bitumen forming into "hlobs®
and not spreading evenly, Al mcreased moisture content, the tendency for the emulsion
to break prematurely 1$ reduced and the time of mixing can be proleonged with a better
distribution. If the moisture content becomes too high, aeration of the soil to remove

excess moisture may be necessary before rolling starts,
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CHAPTER THREE

METHODOLOGY
3.1 Materials
Three laterite soil samples designated as samples A, B and € were used for this
mvestigation. The samples are borrow pit materials used on Ado-Ekiti - Ikare road
rehabilitation project. The three samples were chosen as representative samples alter tests
had been carried out on various samples around the locality,

Sample A was taken al km 94500 along Ado-Ikare road, sample B al km
584700, Ogbagi town while sample C was collected at km 53+3550, Irun Akoko town.
After collection, samples were stored in polythene bags immediately prior to their use
o prevent loss of moisture.

Portlant cement type 1 was used for soil-cement mixtures because it is the type
mostly used n soil stabilization due to its availability. The Asphalt-emulsion used is
colax. A obtained from Ondo State Asphalt company, Akure and water for mixing was

clean stream water.

L
[

Testing Procedures
A. Natural Soil Samples
The following tests were carried out on each of the three samples used viz;
i identification and classification tests which include particle size distribution,
atterberg limits and specific gravity.

i, Mineralogical composition 1o determine the clay minerals of the soils.
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i Compaction tests. to determine moisture - density relations for each sample
v California Bearing Ratio Test (CBR) and
V. Unconfined compressive strength test.
The procedures used in carrying out these tests were according to standard
mothods as mentioned later.
B. Treated Samples
The chemical additives used for treating the soils are cement, Asphalt-emusion and a
mixture of Asphalt-emulsion with cement as modifier, Varying proportions l.}f.'[hE
additives were used. The following tests were carried out on each treated sample:
I Compaction tests using modified AASHTO T180-70 method
i. Califormia Bearing Ratio using AASHTO T193-63

i1, Unconfined compression strength tests using BS 1377,

3.3 Pre-Treatment of Samples
Samples at their natural water content as collected from the sites were stored in polythene
bags to prevent loss of moisture, Prior (o their use, deleterious materials such as roots
were removed. The samples were air-dnied, broken down with mortar and pestle and
passed through a No 10 sieve to remove large particles.

To compare relative effects of the additives on performance of samples, varying
proportions of each additive were vsed to prepare mixtures, The amounts of additives
used are expressed as percentages of the dry weight of the samples.

Cement and Asphalt-emulsion contents used were 2,4.6, and 8 percent and for the
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combination of asphalt-emulsion with cement, 0.5, | and 2 percent of cement were used
1o modify each asphalt-emulsion mixiure

Mixing of samples with additives was done manually at the optimum mosture
content of natural samples as obtained from compaction tests.  For soil-cement mixtures,
cement was hand-mixed into the soil prior to the mixing in of water while for the soil
asphalt-emulsion mixtures, the emulsion was mixed into the soil with water for proper
mixing in of emulsion. For the combination of cement and asphalt-emulsion, cement was
first mixed with the soil and then the asphalt-emulsion with water was added and mixed
o the sol,

Moulding of tests specimens was started as soon as possible after completion of
mixing, Specimens were molded in CBR mould using the modified AASHO compaction
method for moisture - density relations and CBR values. The unconfined compression
test mould was used for compressive strength determination.

For each percentage of additive, an average of four specimens were used to obtain
each point on the moisture - density relation and CBR curves. Nine specimens were used
for UCS, three each for 7, 14 and 28 - day strength tests.  The strength values reported
are averages of the results of three test specimens for each mixture. After casting of
specimens, they were wrapped in nylon bags and placed in a humidity room for curing
to reduce loss of moisture.

Testing of specimens for relevant characteristics were then carried oul using
standard methods as previously stated. The results are discussed in chapter four with'the

following relations shown:
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vi.

Moisture-density  relations for natural and treated samples with  varymng
percentages.

Maximum dry density versus chemical content.

Optimum moisture content versus chemical content.

CBR versus chemical content.

Unconfined compressive strength (UCS) versus chemical content and

LUCS with Age of curing.



CHAPTER FOUR
LABORATORY RESULTS AND ANALYSIS OF NATURAL
AND TREATED SOIL SAMPLES
4.1 CHARACTERISTICS OF NATURAL SAMPLES
After the samples had been collected and treated as described in chapter three, their
properties were determined 1o ensure that when their response to additives was studied,
all relevant factors would be available for establishing a correlation between composition
and chemical stabilization of the soils.
Results of tests performed on the three samples are as recorded below:
A. Identification and Classilication Tests
The particle size distributions of the samples are as shown in Table 4.1. The average

distributions were:

Sample A;

Gravel 34%
Sand 62.4%
Fine 34.2%
Sample B:

Gravel 5.8%
Sand 62.2%
Fine 32.% and
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Sample C

Gravel 0.5%
Sand 44%
Fine 55.5%

The grain size distribution curves are shown in Fig. 4.1.

The results of the Atterberg Limits tests are shown in Table 4.2, and fig 4.2. Soil
A comprises 65.8% coarse material and 34.2% fines with a liquid limit, plastic limit and
plasticity index of 31%, 22% and 9% respectively. The soil is classified as very clayed
sand, SCI (Clay of Low Plasticity) according to British Soil Classification System (BSC)
and as A-2-5 according 10 AASHO classification. Soil B contains 68% coarse material
and 32% fines with a liquid limat of 46%, plastic limit of 31% and plasticity index of 15,
The classification is CIS (Sandy Clay of Intermediate plasticity) according to BSC and
A-2-T according to AASHO classification.

o1l C consists of 44.5% coarse material and 535.5% fines. It has a liquid limat
of 55%, plastic hmit of 29% and plasticity index of 26. It is thus classified as CH (Clay

of high Plasticity).
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Table 4.1 Particle Size Distribution of Samples A, B and C.

Weight of Sample Used = 500g

34

aleve Wit Retamed {g) | % Cumm. Retained | % Passing
Opening
9.5 -
4.76 17 -
2.30 46,2 34 100.0
1.18 97.1 9.2 06.6
.60 153.0 19.4 90.8
0.425 180.6 30.6 80.6
0.300 213.2 36.1 69.4
0.150 241.1 43.6 63.9
0.075 241.1 48.2 56.4

329.0 63.8 51.8
Sample B 34.2
9.5 =
4.76 375 = 100.0
2.30 94.0 58 04.2
1.18 183.0 7.5 92.5
(.60 217.5 18.8 81.2
0.425 226.0 6.6 63.4
0. 300 236.5 43.5 36.5
0.150 260.0 45.2 4.8
0.075 47,3 527

68.0 32.0
Sample C -
23

3.5 34.0 - 100.0
4.76 64.0 0.5 99.9
2.30 99.0 6.8 93.2
1.18 127.5 12.8 27.2
0.60 182.5 19.8 80.2
0.425 209.0 235 T74.5
0.300 2.3 36.5 03,5
0.150 41.8 a8.2
0.075 44.5 35.5 I




Fig i 3 Particle Size Distribution Curve

Sample A
«Sample B

«Somple C
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B. Chemical And Mineralogical Composition

In order to establish correlation between composition and chemical stabilization, the
chemical and mineralogical compesition of the samples were determined uvsing the
procedures as given in BS 1377, The resulis are as shown in Table 4.3,

For the three samples, the silica-aluming ratio are about 2, thus they are lateritic
soils with no presence of sulphates and carbonates. The pH of samples A, B and C are
5.6, 5.4 and 4.8 respectively, thus the soils are acidic with soil sample C having
substantial amount of organic matter.

The results of the mineralogical composition (fig 4.3) show that samples A and

B consisted mainly of kaolinite.
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Table 4.2: Alterberg Limits of Sample

Limits Sample A % sample B % Sample B %
Liguid fimit 31 41 55
Plastic limit 22 £ i 29
Plasticity Index 9 26
15
Table 4.3: Chemical Analysis Resull
SAMPLE 510, ALD, |Fe0, |ca0 | Mgo |LOl | Na | KO |PH
A 56.81 26,22 (1088 (271 |306 |11.10 |Bd Bd 3.5
B 56.00 26.11 1010 (2,73 | 346 |11.13 |Bd Bd 5.4
i 5050 I 3093 | 011 2.40 3.01 12.50 | Bd Bd 4.8

LOI - Loss on lgnition

5,0, - Silica content
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8 Compaction Test
Results of compaction tests on the natural samples are shown in figure 1 in appendix 11
for sample C as representative of the Laboratory procedures. Samples A and B both have
a maximum dry density of 1.80gfcc with optimum moisture contents of 12.3% and
15.3% respectively. The M.D.D and O.M.C for seill C are 1.70g/cc and 16.3%
respectively, From the results, the samples show low dry densities which will lead to
low strength of the samples if used naturally as construction materials. Therefore the
need arises to improve their properties.
D. California Bearing Ratio (CBR)
The suitability of the samples in their natral forms for use as highway maiterials was
mvestigated using the CBR test.  The results gave CBR values of 20% | 18% and 'B%
for samples A, B and C respectively, From the results, the samples are rated as fair
subbase material which normally have CBR values between 8-20% and thus needed 1o
be mmproved for base matenal which have a minimum standard CBR value of 100%.
E. Unconfined Compressive Strength, UCS
Unconfined compressive strength of the three natural samples were determined using
remoulded samples. The Tests were carried out at 7, 14 and 28 - days and as specified
in BS 1377,

The remoulded samples had strengths that increased with age of curing from 0.85
MN/m® 7-day strength to 1.20 MN/m® 28-day strength for sample A and from a 7-day
strength of 0.50 MN/m* to 0.85 MN/m* at 28 days for sample B with mmplil: C

increasing from a 7-day strength of 0.41 MN/m* to a 28-day strength of (.68 MN/m?®,

40 : ~ )
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The low tesults of the unconfined compressive sirengih tests of the three samples imdicate
that the sanples are unsuitable for use directly as highway materials: hence the need for

their improvement,

4.2 Characteristics of Stabilized Materials

Each of the three samples was treated with different chemicals to improve the
engineering properties. The additives used are cement, asphalt-emulsion and asphalt-
emulsion modified with cement. For proper mvestigation and comparison of results,
varying proportions of the additives were used as previously discussed. ‘The following
tests were carried out on the treated samples:

8, Compaction test

b California Bearing Ratio (C.B.R.) test.

. Unconfined Compressive Strength test.

4.2.1 Compaction Characteristics
Compaction tests were carried out on treated samples to establish relationships between
strength and density for treated soil mixtures compacted at different moisture contents

and using varving proportions of the additives.

4.1.1.1 Cement Treated Samples
Results of compaction test on samples treated with cement are as shown on Tahle 4.4.

The variations of dry density and moisture content are shown in Figures 2 o 3 in
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Appendix 1] for sample C treated with 2_ 4, 6 and 8% cement contenis. The results shaw
that adding cement to the samples increased the optimum moisture content and decreased
the maximum dry densities.

For sail sample A, the O.M.C and M, D.D change from 12.3% and 1.80 g/ce at
0% cement comtent to 14.5% and 1.73 pglec at 8% cement content. Sotl B has a
maximum dry density and optimum moisture content of 15.3% and 1.80g/ce at 0%
cement and 146.3% and 1.74 plce at 8% cement contenl while soil C increased in O M.C
from 16.3% a1 0% cement o 16.8% at 8% cement with M.D.D, of 1.70g/cc and
1.62g/ce respectively,

Sample A and B have the highest M.D.D in all percentages of cement conient
because of the presence of high coarse materials in the samples which resulted into high
compacted strength while soil C has the lowest M_D.D. due to its high plasticity which
caused low compaction,

The increase in optimum moisture content as cement content increases is caused
by the increase in amount of water needed for full hydration of cement to take place
within the soil while the reduction in maximum dry densities is as a result of flocculation
of soil fines and creation of loosely bonded aggregations in treated samples cavsed by the
added cement,

The variations of M.D.D and O.M.C with cement content are shown in Figures

4.4 to 4.6 for samples A, B and C respectively,
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Table 4.4: Summary of Test Results For Cement-Treated Samples

Samples

CEMEMNT CONTENT L MDI¥F glec CIE UCE UCs L 1!
T b ! Tdlays Idlays Ihilmy= |
SAMPLE & i
1 123 |40 U] (0,53 1.Lx1 1.2
2 112 1.78 ] 1.9 .01 70
4 (R 1.3 120 1.5 3.02 3. T4
] 14,2 .75 1B} 4.65 4.8 15
E 4.5 .72 220 . 1] 5.48 Sl
SAMPLE B
0 153 120 18 0.5 072 {.K3
| 13.0 L AR 1L.15 L.AR 1.4n
q 15.8 1.78 kB ix 165 i
[ 1.1 .76 150 4,42 4.635 4B
& 16,5 .74 19 4,85 4.95 .14
SAMPLE
0 I3 L. ] 0.4] 0.5l .64
1 10 L.GE 2 0.68 .73 LRLH
4 (15 168 £} 0,54 L.24 11
i 13,7 1.4 £l 1.11 I35 1.47
& 1.8 L2 2 .00 2.15 221

TABLE 4.5 SUMMARY OF TEST RESULTS FOR SAMPLES TREATED WITH

ASPHALT-EMULSION

Asplil-Emubsion oMC MDD CHE ucs UCs ucs
Content % % gioe 5 Tdays l4&days 2Bdays
SAMPLE A
i 12.3 1.80 0 0.3 1.0 1.20
2 5.8 1.80 TG 1.41] 1,72 .1
4 15.4 1.8 L1o 220 2.30 .50
& 6.0 1,76 140 300 340 410
B 5.5 1.74 21 200 2,20 2.15
EAMPLE B

I 0 5 - 180 1& 0-50 072 0.85
2 5.5 L8 43 .85 0,52 | J
4 (3.8 (Wl T 209 2,35 2.45
] 6.0 1.75 20 250 2.68 2.8
b 6.1 liTa 6l 1.55 1.10 1.3
SAMPLE C
] 163 L. | il 050 (1,68
1 6.1 1.63 12 0,50 056 .69
4 16.40 1.6 i3 1.0 120 .45
L1 162 1.50 Al L.50 1.60 1.80
B 15.7 1.53 4] L.B0 2.00 2.44
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4.2.1.2 Asphalt -Emulsion Treated Samples

he resulis of compaction tests on sample treated with asphalt-emuolsion and the
relationship between dry density and moisture content at different percentages of
emulsion are shown in Figures 6 10 9 m Appendix I1. For samples A, B and C, the
results are shown on Table 4.5.

From the results, the optimum moisture content of sample A increased with
increase in asphalt-emulsion content from 12.3% at 0% emulsion o 16,5% a1 8%
emulsion content while maximum dry density decreased from 1.80 g/ce at 0% emulsion
1. 74g/ce at 8% emulsion.

The O.M.C of sample B also increased from 15.3% at 0% asphalt-emulsion to
16,1% at 8% asphali-emulsion content but decreased in M., D) as emulsion content
mcreases from 180 gice at 0% emulsion to 1.72 glee at 8% emulsion content.

For soil sample C, there is reduction in O.M.C and M.D_D as asphalt-emulsion
content increases, At 0% emulsion, result gave an O.M.C of 16.3% which decreased
w 15.7% at 8% emulsion content, The M.D.D also reduced from 1.70g/cc to 1.53g/cc
at 8% emulsion content, Variations of M.D.D and O.M.C with asphalt-enmlsion contents

for samples A, B and C are shown in Figures 4.7 0 4.9.
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4.2.1.3 Cement-Modified Asphalt-Emulsion Mixtores

Samples A, B and C were treated with mixteres of asphalt-emulsion and ceément. The
proportions of asphalt-emulsion used were 2-8% with each percentage mixed with 0.5
2% cement to modify the samples.

Results of compaction tests carried out on the samples so treated are shown m
Tables 4.6 to 4.8 for samples A, B and C respectively, with the relationship hetween dry
density and mositure content at each variation of additives for sample C shown in Figures
10 to 21 in Appendix 11.

Resulls show an mcrease in O.M.C and M.D.D of soil - cement - asphalt-
emulsion combination of sample A. There is an increase in the O.M.C from 12.3% a
0% additives o 16.3% with 8% asphalt-emulsion combined with 2% cemeni. The
M.D.D also increased from 1.80g/ce at 0% additive to 1.89g¢/cc using 2% emulsion and
1% cement content. Further increase in the quantity of additive led to reduction in the
M.D.Dw 1.78 g/cc at B% emulsion and 2% cement content.

The O.M.C of sample B decreases from 15.3% at 0% emulsion to 13.2% at 8%
emulsion combined with (.5% cement and increased as the amount of cement added’ for
modification increases. Using 8% emulsion and 2% cement gave an O.M.C of 16.1%
with increase in additive content from 1.80gfcc at 0% emulsion to 1.64g/cc at 8%

emulsion and 2% cement,
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Toalle 4.6;

SUMMARY OF TEST RESULTS FOR SAMPLE A TREATED WITH ASPHALT-

EMULSION AND CEMENT

—
EMLILSEIN (CEMENT LAl KILED THE LIES s LICS
L e ] Tdays 1448y Jkdaps
e K 14 K (K 3 L (11 ] I3
41L% 1541 K4 i 1.9 4 1% 4.32
filk 3 15.2 .7 145 1.4 315 Joad
E:L3 154 LT 1 . x 2.4 153
*1 1241 L& s 18 LN ] b L
41 134 LEL 125 4.0 415 4.5
fi ] 15 & L7 150 180 3,72 140
E.F [H] L Jr ) 1z 1 281 P
3:d
1:3
fi: 2
B
| —
TABLE 4.7 SUMMARY OF TEST RESULTS FOR SAMPLE B TREATED WITH ASPHALT-
EMULSION AND CEMENT
EMELILEEIN. I B [1], Ui uCs
CEMEMNT L [Tt L Tlags FELETRY
0.5 3.4 1,74 11 ELRT o.ns
05 13.E 1Y ] 135 1.7
05 (R (A i LMl 1HT
L] 132 el ] ) pil 1] 136
=] | & L2 T 0.0 102
il 154 1.7 " 119 1.3
el 4z 183 10 IR0 T.0%
1 15.0 (8. m R | 161
3 4.4 T 10 1. 111
4.2 15.3 E.&8 1411 350 165
2 153K J ] 125 LRI L
E:2 163 R 115 206 2,73
e
TABLE 4.8: SUMMARY OF TEST RESULTS FOR SAMPLE C TREATED WITH ASPHALT-
EMULSION AND CEMENT
EMUERION OMC T MO e CHE & S Tdays LS 14davs NS Tadeys
CHMENT
20,5 B3z 141 = LK LR L3y
405 H L 1.06% 45 (L] i ] L.23
61415 6.6 11 1) 1.5 8 k6
EQ35 (L 154 K 1 1B 1K1
3l 13.6 1.6 L] a7 LR [REE
L 15.6 1.6 = | 0.5 Ly i)
il 1.1 158 M 1,20 1.36 1.50
Hit 105 1.5% tH1 1.7 L.HS L3
21 15.8 1 .15 il 1.&h .m 184
4:2 15.% 1,03 4 1.80 115 140
i 163 1 59 §153 3.05 1.2} 1.5
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For soil sample 7, using 4% asphali-emulsion mixed with 0.5% cement gave the
mighest M.D.D result of 1.69g/cc atan O.M.C of 16.3% but adding more emulsion and
cement led 1o reduction in the M, D.D. With 2% emulsion and 1% cement, result show
d M.D.D. of 1.61g/cc which reduced to 1.56 glec and an increased O.M.C of 16.6% af
8% emuolsion with 2% Ccement conicm.

Figures 4.10 to 4,18 show relationship between M_D. I3 and O.M.C for varied
percentages of asphalt-emulsion modified with different proportions of cement for the
three samples.

4.2.2 California Bearing Ratio (CBR)

California Bearing Ratio lests were carried oul on samples A, B and C, using cement
asphalt-emulsion and combinations of asphalt-emulsion and cement for treatment in
varied proportions at varying moisture contents. Values of CBR at the optimum moisture
contents were taken and recorded for the three samples. Shown in Figures 1 to 21 in
Appendix H are the laboratory results for sample C. |

4.2.2.1 Cement Treated Samples

California Bearing Ratio test was carried out on samples A B and C treated with cement.
The test resulis are as shown in Figures 1 to 5 in Appendix II for sample C.

For all samples tested, results show a general increase in C.B.R values with
increasing amount of additives. The C.B.R of sample A increased tremendously from
20% at 0% cement to 220% at 8% cement content while sample B C.B.R value increases

from 18% at 0% cement to 199% at 8% cement contents,
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Sample C also has an increase from its natural C. B R value of 8% 1w 1025 using
8% cement content indicating that strength of the matenals increases as cement content
increases within the limits of the percentages vsed. Sample A due to its coarse nature has
the highest CBR values at all percentages of ¢cement used when compared (o the other
samples. Sample C has the lowest value due to high percentage of fines present in it,
The variations of CBR values with cement contents for the three samples are shown on

figures 4.19 to 4.22.

4.2.2.2 Asphalt-Emulsion Treated Samples

Shown on Table 4.5 are results of CBR tests on samples A, B and C treated with 2-8%
asphalt-emulsion contents. The CBR values of samples A and B increase as asphalt-
emulsion content increases to a maximum a 6% emulsion content after which the CER
values decrease on further addition of emulsion.

At V% emulsion content, sample A has a CBR value of 20% which increases
continuously as emulsion content increases to amaximum valve of 140% at 6% emulsion
content. Using 8% emulsion led to a decrease in CBR value to 91% showing that the
optimum asphalt-emulsion content 1o be used for treating sample A is 6% for maximum
strength but for a base material which requires a CBR value of 100%, the optimum
emulsion content for sample A should be 4% which gives a CBR value of 110%.

For soil B, there is an increase in CBR value from 18% at 0% emulsion n:,nn;cnt
to a CBR value of 80% at 6% emulsion content and at 8% emulsion, the CBR value

decreased to 60% showing that for sample B, the optimum emulsion content is 6%
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The CBR values of sample U merease as asphalt-enlsion content increase bt
with low percentage of increment. It imeréases from a CBR value of 8% at 0% emuision
o & maximum value of 60% at 8% emulsion content,  Addinon of more emulsion will
be required to bring the material for use as a base material. This low CBR values of
sample ' 18 due to presence of cxcessive amounts of clay which made mixing and
compacting difficult in concerning to the work of L.D coyne and R.M Ripple of Chevron
Asphali company Emulsificd Asphalt Mix Design and Construction, {1973) which shows
that materials containing excessive amoums of clay are not suitable for treatment with
asphalt-emulsion due to difficulty in mixing and rolling and high amounts of emulsions
required to achieve necessary water resistance thus making the economics of treatment
unattractive. The variations of CBR values with asphali-emulsion content are related in

Figures 4.23 to 4.25 for samples A, B and C,

4.2.2.3 Cement-Modified Asphalt-Emulsion Mixtures

Cement in varving proportions of (0.5, 1 and 2% were added to samples A, B and C
before treating with asphalt-emulsion.  Unsoaked CBR tests were carmied out on the
specimens to determine the mfluence of cement on strength of soil-asphalt-emulsion

mixes. *
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Shown i Tables 4.6 0 4.8 are CBR values of asphalt-crmulsion treated samples
modified with cement. Addition of 0.53% cement with asphalt-emulsion contents for
sample A increases the CBR value from 85% with 2% emulsion w 145% using 6%
emulsion and with 8% emulsion, a CBR value of 100% was obtained., Adding "1 %
cement (o the different percentages of emulsion increased the UBR value to a maximum
ol 150% with 6% emulsion and on further merement of cement, the CBR value reduced
o 120%. Mixing the emulsion contents with 2% cement gave CBR values of 120% and
200% using 2 and 4% emulsion contents respectively but increasing emmulsion content
over this percentage reduces the CBR value 1o 125% using 8% emulsion with 2% cement
contents,

Sample B's CBR value also increases by adding cement to asphalt-emulsion for
improving the soil. Mixing the soil with 0.5% cement gave a maximum CBR value of
95% with 6% asphalt-emulsion which lfater reduced o a CBR value of 80% with 8%
emulsion. Also a maximum CBR value of 119% was obtained using 1'% cement and-ll'.i%
asphalti-emulsion which reduces 1w 80% with 8% emulsion. Mixing emulsion contents
with 2% cement resulted in a CBR value of 100% and 140% at 2% and 4% emulsion
respectively, Increasing emulsion contents led to reduction in the CBR values to 125%
and 115% a1 6 and 8% emulsions respectively.

Sample C, due to the presence of too much clay, requires high emulsion contents
for modification with cement. The CBR values increase as emulsion contents increase
ar all percentages of cement used for modification, For the percentages of emulsion

used, the maximum CBR value was obtained at 8% emulsion. Mixing with 0.5% cement
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pave a value of 25% ot 2% emulsion which mncreases to B0% at 8% emulsion and using
1% l_'.li'[TIEHI gave a CHR value of 90% with 8% emulsion content. Using 2% cement Tor
meklification gave the best result at all percentages of emulsion. It gave a CBR value of
40% with 2% emulsion and a maximum value of 120% at 8% emulsion.

Comparing the resulis of adding cement to asphall-emulsion and using asphalt-
emulsion alone for improving the three samples tested shows that small addition of
cement materially mproves the strength of asphali-emulsion treated samples. The
variation of CBR with modified Asphalt-Emulsion mixtures are shown in figures 4.2;5 to

4.28,

4.2.3 Unconfined Compressive Strength Test (UCS)

To determine the suitability of samples for treatment with the chosen admixtures,
unconfined compressive strength tests were carried out on the three samples as mentioned
previously. Curing of samples was carried out by wrapping lest specimens m nylon bags
and placing them in a humidity room. The samples were tested at 1, 7, 14 and 28 days

to determine the effect of age on strength of the samples,
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4.2.3.1 Cement-Treated Samples
Table 4.4 shows results of uncontined compressive strength on the samples treated with
varying percentages of cement.

From Figures 4.29 1o 4,31, samples A, B and C increased in UCS with ape and
a5 cement content increases a5 in concrele

Al 2% cement content, sample A has a 7 days UCS of 1.958 MN/m® which
mcreases to 2,20 MN/m® at 28 days. Using 8% cement content a-maximum 7 and 28
day UCS of 5.2MN/m” and 5.61 MN/m* were obtained.  Addition of cement to this
sample is clearly beneficial in that it gives added strength to the material.

Sample B has 7 and 28-day UCS of 1.25 MN/m® and 1.50 MN/mm* at 2% cement
content and at 8% cement a UCS of 4.84 MN/m" at 7 and 28-day were recorded, With
2% cement, sample C has a 7 and 28-day UCS of (.68 MN/m® and 0.9 MN/m*
respectively. Using 8% cement mcreased the 7 and 28-day UCS 1o 2.0MN/m* and-l.l'.
MN/m" respectively. The variations of UCS with cement contents for samples A, B and

C are shown in Figures 4.19 10 4,22,

4.2.3.2 Asphalt-Emulsion Treated Samples

The variations of unconfined compressive swrength with age for asphali-emulsion
stabilization are shown in Table 4.5, From the result, the unconfined compressive
strength increases with increase in amount of emulsion content from 2% to 6% emulsion

but the UCS decreases on further increase in emulsion content for samples A and B.
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For sample A, psing 2% emulsion, a 7-day UCS of 1.61 MNim® was obtangd
and increased to a 28-day UCS of 1.8 MN/m?, At 6% emulsion, it has a 7-day streneth
of 3.0 MN/im™ and £.1 MN/m’ at 28-day. With 8% emulsion content, results show g
UCS of 2.0MN/m* and 2,25 MN/m’ for 7 and 28-day strength respectively showing
reduction m strength with too much asphalt-emulsion content.  Sample B has a UCS
of 0.85 MN/m’ and 1.2 MN/m® at 7 and 28-day using 2% asphali-emulsion. Increasing
the amount of emulsion o 4%, UCS values of 2.01 MN/m® and 2.45 MN/m® were
obtained for the 7 and 28-day. Using 6% emulsion further increased the 7 and 28-day
strength to 2.59 MN/m® and 2.82 MN/m" respectively and decreased to 1.95 MN/m” and
2.35 MN/m? the 7 and 28-day UCS a1 8% asphalt-emulsion.

Sample C also creases from a T-day UCS of 0.5 MN/m® 1o a 28-day UCS of
0.69 MN/m" with 2% emulsion comtent. Increasing the asphalt-emulsion content
increases the UCS to a maximum 7-day strength of 2.0 MN/m® and a 28-day strength of
2.43 MN/m* a1t 8% emulsion content which implies that age hardening of asphalt
mncreases unconfined compressive strength, The variations of UCS with varying
proportions of emulsion are shown in Figures 38 to 40 in the Appendix with the effect

of age hardening on the samples shown in Figures 4.32 1o 4,34,
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4.2.3.3 Cement-Modified Asphalt-Emulsion Mixtures

Uising. specified percentages of (.5-2% cement content to modify the propertes of
asphalt-cmulsion treated samples, unconfined compressive strength tests were performed
on the three samples and the results are as shown m Tables 4.6 to 4.8,

From the results, there 15 an mcrease i strength from 2-4% emulsion modified
with 0.5% cement for sample A. With 2% emulsion, a UCS of 1.02 MN/m* at 7-duy
and 1.34 MN/m® at 28-day were obtained, Treating with 4% emulsion gave a 7 and 28-
day UCS of 3.9 MN/m® and 4.32 MN/m* respectively. Increasing emulsion contént 1o
6% reduced the UCS to & 7 and 28-day values of 3.0 MN/m? and 3.6 MN/m*. At 8%
emulsion, a further reduction in UCS to a T-day strength of 2.2 MN/m* and a 28-day
strength of 2.53 MN/m? were obained.

Addnion of 1% cement to varying emulsion contents gave a maximum UCS of
4.0 MN/m* for 7-day and 4.66 MN/m* for 28-day at 4% emulsion content before
decreasing t0 3.5 MN/m® and 2.7 MN/m* with 6 and 8% emulsion contents respectively,
Varying emulsion contents with 2% cement vielded a maximum 7 and 28-day UCS of
485 MN/m* and 5.12 MN/m? a1 4% emulsion content. And at 6% emulsion, rt:-SuJL
shows a 7-day strength of 3.8 MN/m® and a 28-day strength of 4.21 MN/m*. There is
a teduction in strength using 8% emulsion with 2% cement to 2 7 and 28-day strength
of 2.86 MN/m? and 2.98 MN/m?,

A minimum 7-day strength of 1,02 MN/m® was obtained with 2% emulsion
treated with 0.5% cement and a maximum 28-day strength of 5.12 MN/m® at 4%
emulsion combined with 2% cement contents.

Using 0.5% cement for modification of asphalt-emulsion content of B resulted to

78




AR P e T, T | O T ¥ b T P Sl g ¢ e o LR L b e e e R e e e L R R Y ARAE - ST RrSTaEmIiCRON

content and maxenum strengths of 2.70 MN/m® and 3,01 MN/m2 at 6% emulsion
content toy the Tehand 28th days strengths respectively which reduced to 7 and 28-day
UCS of 2.0 MN/m® and 2.4 MN/m® at 8% emulsion content, Mixtures of asphalt-
emulsion with 1% cement increased in UCS from a 7-day strength of 0.96 MN/m’ with
2% emulsion w0 3.19 MN/m’ at 4% emulsion content. Increasing the percentage of
emulsion reduced the UCS o 2.5 MN/m® (7-day) at 8% emulsion, Combining emulsion
percentages with 2% cement gave a maximum 7-day strength of 3.5 MN/fm® with 4%
emulsion and a reduced strength of 2.60 MN/m® with 8% emulsion. A 7-day UCS of
2.9 MN/m® was ohlained using 2% emulsion with 2% cement contents,

The strength of sample C increased on addition of (G3% cement and as the
cement content increases but with a low range of increment. It increased from 7-day
strength of 0,58 MN/m® to 1,60 MN/m® using 2 - 8% emulsion contens.

Generally speakmg, addiion of a small percentage of cement w soil-asphali-
emulsion mixes has a beneficial effect on strengths of tested specimens, Using 1%
cement for modification of sample C increases the compressive strength as emulsion
content increases. Addition of 1% cement to 2% emulsion gave a 7-day strength of 0.75
MN/m’ with 8% emulsion. Mixwres of emulsion with 2% cement gave a 7 and 28-day
UCS of 1.86 MN/m’ an:J 2.54 MN/m* at 2% emulsion combination and increased 1o 280
MN/m* using 4% emulsion with 2% cement. With further increment in emulsion
content, an increased UCS of 3.70 MN/m® was obtained at 8% emulsion content.
Figures 4.26 o 4.28 show the variations of UCS with cement - modified emulsion mixes

with the influence of age of curing on strength shown in figures 4.35 o 4.43.
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CHAFTER FIVE
DISCUSSION OF RESULTS

5.1 QOBSERVATIONS ON THE RESULTS

Results of the various tests carried out on the three samples show that addition of cement
to sumples treated with asphalt-emulsion resulted in increased strength over that of
samples treated only with asphalt-emulsion.  This 15 in accordance with the wnr}é of
Coyne, (1976) which shows that the addition of small percentages of cement will improve
the early curing strength of emulsified asphalt mixes under adverse construction
conditions amd after moisture exposure,

The Atterberz Limits of the samples studied range from 31-33 % for Liguid
Limits with plasticity Indices between 9 and 26. The different percentages passing the
no. 200 sieves are 34.2%, 32% and 55.5% for samples A, B, and C respectively. The
maximum dry densitics and optimum moisture contents when unfreated, are 1.80,
1.70gfce and 12.3, 15.3 and 16.3% with CBR values of 20, 18 and 8% respectively.
From these results, soil A is classified according to AASHO as A-1-5, Soil B as A-2-7
and soil C as A-7-6 which 15 a sandy soil of high plasticity.

The addition of chemical stabilizers to samples penerally increases the optimum
moisture content and redoce the maximum dry densities and this latter is more
pronounced with {:n:mt:nt stabilized materials because the added cement resulted mro
focculation of the sail fines and creation of loosely-honded aggregations and requires
more water for proper hydration (o take place as cement content increases as in concrefe

{Bagonsa, (1987), This hydration of cement forms cementitious materials, calcium

silicate, aluminate hydrates and hydrated lime which cause secondary reactions with any
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parfiicles topether.  This 5 why cement can be vsed to stabilize nearfy all soils but
uneconomical with cliay soils due w high amounts required for treatment

Califorma Beanng Ratio 1ests results show appreciable mcrease in CBR values for
all samples treated with cememt and a5 cement content increased as shown in the
summary. The increase in CBR values indicates strength increase with cement treatment
of the samples. Sample A's CBR increased from 20% at 0% cement content to 220% at
8% cement content while sample B ingreases from 18% 4t 0% cement content to 199%
at 8% cement content. Sample C also has ncreased CBR values though with a low
increment range from 8% CBR value at 0% cement content 1o 102% using 8% cement
contents.

Treating samples with asphalt-emulsion and the combination of asphalt-emulsion
with cement also increases the CBR values as emulsion content increases but when
emulsion contents become too much, the CBR values reduce except for sample C which
increases in strength as emulsion contemt increases. That s sample C requires high
amount of asphalt-emulsion 10 be added before desired strength can be attoined
contrast to samples A and B which got their maximum values at 6% asphalt-emulsion
contents.

The um:t'rnﬁm:ﬂ- compressive strength values also increased as cement content
increases from 0% to 8% . Curing of treated samples also shows increase in strength with
age of curing for all types of additives used. Stabilizing samples with asphalt-emulsion
shows reduction in strength which i1s more pronounced with sample C but addition of

cement for pre-trestment of the samples resulted in increased strengths over the use of
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The beneht of cement addition under marginal curing conditions was illustrated
i a feld rest at Oakland International Arport Coyne and Ripple (19753} where in-place
mixing of the runway shoulders with a cationic medium setting type of emulsion (CMS)
in wet condition of construction caused construction delays of 1-3 weeks due to the slow
rate Of curing of the solvent. A small test section using a slow selting type of asphalt-
emulsion and cement was then included in the projeci. Tests on cores from the cement
treated section confirmed that cement modified asphalt-emulsion mixes developed high
early strength m wet construction conditions.

The added cement causes the emulsion W break, changes the water film on soil
particles, modifies clay minerals in the soil 1o some extent and decreases soil plasticity,
absorhs some of the resulting free moisture i the sotl by hvdration, promotes good
dispersion of the asphalt phase throughout the soil, and gives added strength to"the

processed and compacted soil when 1t had hardened.

5.2  Economics And Beneflits of Cement-Modified Asphalt-Emulsion Mixes
The addition of cement and asphalt-emulsion to soils will possibly increase operational
cost of incorporating two additives instead of one into the soil but it has many
advantages. '

It is advantageous in that it improves the workability of the mixtures in that the
added cement will decrease soil plasticity with the asphalt-emulsion remaining stable for

a short time thus promoting good dispersion of the asphalt phase throughout the soil and

making the material workable, and easy to mix and consequently reduces the time
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required 10 achieve specified degree of pulverisation over that of usmg only -asphalt-
emulsion. Anather advantage of the sdded cement 15 that the cement will absorh some
of the excess free moisture in the soil by hydration and will give added strength 1o the
processed and compacted soil when hardened, Laterite soils, when treated with mixtures
of cement and asphalt-emulsion have properties intermediate between those of soil-cement
and soil-asphalt-emulsion with the resulting mix possessing some rigidity and water
resistance.

Now, based on the criteria that materials to be used as road bases should satisfy
the normatly applied minimum UCS of 1.7MN/m’ or a CBR value of 100 percent (20},
comparisons of the different admixtures are made in terms of the results of therr CBR
and 7 day UCS strength on the assumption that strength is & measure of quality. For
sample A, satisfactory minimum 7-day UCS of 3. 4MN/m?, 2.2ZMN/m” and 2.8 1MN/m*
with CBR values of 120%, 110%, 105% and 120% were obtained using 4% cement
content; 4% asphalt-emulsion content; 2% asphalt-emulsion modified with 1% cement
contents: 4% asphalt-emulsion with 0.5% cement and 2% asphalt-emulsion with 2%
cement contents respectively,  From the economic consideration, the soil-asphall-
emulsion-cement mixture gives a saving of 1% of additive material and is rrlmm
economical as will be seen in the cost analysis later.

Sample B gzl"."E:d CBR value of 150% and a 7-day UCS of 4 42MN/m* with 6%
cement content and a maximum UCS and CBR values of 2.59MN/m* and 80% with 6%
asphalt-emulsion contents respectively. Using 2% asphalt-emulsion with 2% cement
content gave CBR and UCS values of 100% and 2.90MN/m" respectively.  Again, there

15 4 saving in the guantity and cost of additive materials comparing the relative costs of
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these addinives

The best strepgth results were obtamed with the addition of dement and asphalt-

emulsion to sample C. Although 8 percent of cement and B percent of asphalt-emmilsion

gave a maximom Tday UCS of 2.0MN/m® and 1 80MN/m* and CBR values of 102% and

60%, an admixture of 2% cement o 6% asphall-emulsion rised the 7-day UCS and

CBR values to 3. 05MN/m® and 105%.

Details of the cost analysis are shown in Appendix 1, but the summary 1s outlmed

below:

Chemical Content

Hample A

4% Cement

4% Asphalt-emulsion

2% Asphalt-emulzion with 1% cement
4% Asphalt-emulsion with 2% cement
2% Asphalt-emulsion with 2% cement
8% Asphalt-emulsion with % % cement
Sample B

6% Cement

6% Asphalt-emulsion '

6% Asphalt-emulsion with Y2 % cement

2% Asphali-emulsion with 2% cement

20

Costitonne

B 1,300
1,500
M 1,200
M 1,600
M1,300

M2.550

M1,350
N 1,950
2,100

M 1,300



Sample C

1% Cememt M 1.950
8% Asphalt-emulsion N2 50K
80 Aﬁphah—cmuts'mn with 1% cement M2 630
6% Asphalt-cmulsion with 2% cement 82,300
2% Asphalt-emulsion with 2% cement M1.300
8% Asphalt-emulsion with 2% cement ™2, 550
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CONCLUSIONS AND RECOMMENDATIUNS

CONCLUSIONS

The results of this mvestigation have showed that beneficial effects are oltained by the

addition of small amounts of cement to sotl<asphalt-emulsion mixtures; and specifically

the results led to the following conclusions:

L.

Cement stabilization improves the strength of all soils but at different rates. It
15 best suned for coarse grained soils and not economical for plasic soils.
Pretrestment of fine gramed soils facilitates mixing-in of emulsion and hence
improves workability,

For each soil-additive mixnore, there 15 an optimum amount of of additive which
prves @ maximum compressive strength depending on the type of soil

The optimum moisture content for maxmmum density and the optimum moisture
content for maximmum strengths of the samples are not always the same.
Addition of cement increases the compressive strengths of soil-asphalt-emulsion
mixtures.

Curing of treated samples increases the compressive strengths.

The increase of strength with addition of cement, in terms of percentage, is
higher for soils*with high clay content and for soil-asphalt-emulsion mixtures with
lower emulsion content.

Soil-cement mixtures harden much faster after compaction than soil-asphalt-
emulsion and a mixture of soil-asphalt-emulsion with cement,

Although the cost of asphalt-emulsion 18 higher than that of cement, it 15 siill

economical to a mixture of asphalt-emulsion and cement due to reduced additive
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I'he economic advantage of the simultaneous use of asphali-emulsion and cement

for all the samples treated i paramount. The combination favours seil sample C which

does not respond appreciably o treatmen: with cement and asphalt-emulsion, 11 has also

been possible to obtain samples stabilized with small percentages of emulsion combined

with small percentages of cement and yet possessing strengths comparable with those of

samples stabilized with hagher amounts of cement or asphalt-emulsion as in soils A and

.

h.2

RECOMMENDATIONS

On the basis of the test results, observations and conclusions, the following

recommendations are being made:

i

iii.

.

The wse of asphalt-emulsion modified with cement as a soil improvement
technigque should be encouraged,

The cement 1o asphalt-emulsion ratic to be used for the soils investigated i.e.
A-2-5, A-2-7 and A-7-6 soils should be 1:2, 2:2 and 2:6% respectively,
However, these need to bhe further investigated to ascertain their general
applicability.

It s recommended that delay in mixing time should be minimized in order to
achicve/obtain higher dry densities.

The use of different asphalt-emulsion types with different soils should be
immvestigated o know the best emulsion for each sodl tvpe,

Further studies should be carried out on the effect of varying compactive eft::::ns

on the properties of cement-modified asphalt-emulsion mixes,
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APPENDIX 1
COST ANALYSIS OF TREATED SAMPLES
Based on a relative cost deduced from a market survey of Akuore in Nov, "985 of N 12,000
per tonne at M600/bag for cement and M 16,000 per tonne for asphalt-emulsion and using
a trip of laterite which is about 5 tonnes as basis for calculation, the cost analysis for the
chosen mix design for ecach treated was carned out as follows:

A Sample A

b Stabilization using 4% cement M
| trip of latenite = 1,300
4% Cement (0.2 tonnes) = 2.400
Basic Cost = 3,700
Labour 20% of basic cost = 740
Overhead 10% " " " = 370
Taxes 10% * " " = 370
Others 2.5% " " " = 92.50
Tortal = 3.272.50
Profit 15% of Total = 790.95
Grand Total = 6.063.45
Rate = 53 4 = & 1, 300/ tonne
ii. M
1 trip of laterite = 1,300
4% emulsion {0.2 tonnes) = 3,200
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1il.

Basic Cost
Labour 20% of basic cost
COverhead 10% " " "
Taxes 10% P oM
Others 2.5% " " °
Total
Profit 15% of toal

Grand total

Bate: = o5 %4.133

1 trip of laterite

2% emulsion (0.1 tonnes)

1% Cement (0.05 tonnes)
Basic Cost

Labour 20% of basic cost

Overhead 10% " " "

Taxes 10% ~ " °

Others 2.5% " *
Total

Profit 15% of total

Grand Total

il
Lh

5.63

Rate
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]

with 1% cement

il

[]

i

4.500
GO0
450

450)

1.374 .38

81,500/ tonne

1,300

1,600

3.500
700
350
350

87.50

4,987.50
748,13

5.735.63

N 1,200/tonne



LUsing 4% asphalt-emulsion with V5% cement 4

1 tip of latente = 1,300
4% emulsion (0.2 tonnes) = 3,200
4% cement ((0.025 tonne) &= 300
Bazic cost = 4,800
Labour 20% ol basic cost = Sal)
Overhead 10% = 480
Taxes 10% = 480
Others 2.5% = i
Total = (.40
Profit 15% of total = 1,026
Grand Total = 7.866
Rate = % = M 1,600/tonne
Using 2% asphalt - emulsion wi H
1 trip of laterite = 1,300
2% emulsion (0.1 tonne) = 1,600
2% cement (0.1 tonne) = 1.200
Basic cost = 4,100
Labour 20% of basic cost = 820
Overhead 104 of basic cost = 410
Taxes 10% of basic cost = 410
Others 2.3% = 102,50

192



Total = 5,822 50

Profit 15% = _873.38
= 6,695, 88
Rate = i S.EE = M 1,300/1onne
vi. Using 8% Asphalt - Emulsion with 1/2% cement N
1 trip of latente = 1,300
8% emulsion (0.4 tonne) = 6,400
0.5% cement (0.023) = _ 300
Basic cost = 8,000
Labour 20% of basic = 1,600
Overhead 10% - 800
Taxes = B0
Others 2.5% = _200
Total = 11,400
Profit 15% Total = 1710
Girand Total = 13.110
- Rate = 5_lz'llll = M2, 550/ tonne
B, Sample B
i tabilization Using & nt M
1 trip of laterite = 1,300
6% cement (0.3 tonne) = 3,600
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ii.

Basic cost
Labour 20% of basic
Overhemd 10%
Taxes 10%
Others 2.5%
Total
Profit 15% Total
Grand Total

Rate =

a1
| trip of laterite
6% emulsion (0.3 wnne)
Basic Cost
Labour 20% of basic cost
Overhead 10% basic cost
Taxes 10% basic cost
Others 2:5%
Total
Profit 15% Total
Grand Total

Rate

104

9.996.38
Sl

1]

Il

i

]

1.047.38
8,029,8§

1,550/ tonne

610

152.50
8,692,5

1 ik

9.996.38

H'I,QS[II.-'tu;ml:



ii.

i

Llsing 6% Asphali-Emulsion with (.5% cement

I trip of laterite
60% Asphalt-Emusion (0.3 tong)
0.5% cement
Basic cost
Labour 20% of Basic
Overhead 10% of Basic
Taxes 10% of Basic
Others 2.5% of Basic
Total
Profit 15%

Grand Total

Rate = lﬁg,{;j}

Using 2% Emulsion with 2% cement

1 trip of laterite

2% Emulsion (0.1 tonne)

2% Cement (0.1 tonne)
) Basic Cost

Labour 20°% of Basic

Overhead 10% of Basic

Taxes 10% of Basic

Others

105

[

2. 100/ tonne

M

1,300

410

410




Toal
Prodit 15% Total
Girand Total

Rate =

Sample C

i Stabilization using 8% cement

1 trip of laterite
% cement
Basic cost
Labour 20% basic
Overhead 10% basic
Taxes 10% basic
Others 2.5% basic
Total
Profit 15% Total
Ground Total

Rate =

6,718,838
3.2

s

ii, Stabilization using 8% Asphalt-Emulsion

| trip of laterite
8% Emulsion

Baszic cost

146

2,842, 50

[, 300/ tonne

1,300

610
152.50
692_50

1 B

o

9. 004 38

M 1,950/ onne



Labour 20% hasic
Crverhead 10% basic
Taxes 10% basic
Others 2.5% basic
Total
Profit 15% Total
Ground Total

Rate

gt

Using 8% Asphall-Emulsion with | % ent

| trip of laterite
8% Emulsion
1% Cement
Basic cost
Labour 20% basic
Overhead 10% basic
Taxes 10% basic
Others 2.5% basic
Total
Profit 15% Total
Ground Total

Hate

107

13.601.63

d Lot ok Koo

Tl

H

1]

1,540
770
770

19230

10.972.50 .

1,645.88

12,618.38

M2 S300/tenne

1,300

6.400

13.601.63

B2,63)/tonne



v, Using 6% Aspholt-Emulsion with 2% cement P

I trip of laterite = 1.300
% Emulsion = 4, 800
2% Cement = 2,200
Basic cost == 7,300
Labour 20% basic = 1,460
Overhead 10°% basic = 730
Taxes 10% basic = 730
Others 2.5% basic = 18250
Total = 10,402.50
Profit 15% Total = 1.560.38
Ground Total = 11,962 88
Rate = 1 l,gfl.:fr?:.- 88 = N2, 300/tonng

From the cost analysis of the various mixtures of additives with the three samples
above, the mix that gives the least cost and also at the required strength for a base
material 2% asphalt-emulsion with 1 % 1,200 per tonne of laterite, 2% asphall-
emulsion with 2% cemest for sample B at a cost of N 1,300 per tonne of laterite and 8%
cement at & cost of ¥ 1,950 per tonne for sample C. It can be sen that some laterite soil
can be stahilized economically with a well-designed mixtures of asphalt-emulsion and

cement.
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