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ABSTRACT

The influence of the physical characteristics 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 2,4,6 and 8 % for soil cement and soil-asphalt emulsion. For cement

modification of asphalt-emulsion mixtures, the percentages of cement used are1/2, 1 and

2 % with each percentage of 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 eBR

value of 20% to 120% using 4% cement; sample B gave a CBR value of 88% with 4%

cement from its 18% eBR value and at 6% cement it gave a eBR value of 150% while

sample C increased from its natural eBR value of 8 % to 102 % using 8% cement

content.

Using asphalt-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 eBR 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 I
f~. \.•.
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( 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 and 2:6 for samples A, Band 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 engineering is built on soil and in many instances,

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

petroleum products which has in turn caused tremendous increases in prices of all other

materials.

However, not all 'the laterite 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
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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

soil 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 to changes in

moisture contents and many others may be altered by treatments ranging from simple

compaction to expensive techniques of grouting, drainage, water proofing, strengthening

by thermal means or by the application of stabilizing agents to the natural soil.

Over the years, the last approach has become more feasible and attractive and is

called soil stabilization. The stabilizing agents may be classified 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;

1. can the stabilizing agent be mixed easily through the soil due to its high moisture

content or high plasticity?

11. can the stabilizing agent be uniformly distributed through the soil?

111 is the needed amount and cost of stabilizing material economically feasible?

IV. is the curing time such thatit 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

2



type of soil, the problem at hand and the economics in their use. Stabilized soils have

been used in the construction of roads, airports, car parks, earth dams, building

foundation and in various other construction works and have been found to be effective

for enhancing the quality of problem soils. It is against this background that there is the

need to evaluate the use of cement in conjunction with asphalt-emulsion to improve weak

locally available materials for construction purposes

1.2 Background Information To Proposed Study

The use of chemical additives 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 their 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
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based road was constructed in 1960 on the Maiduguri-Burrna road and was followed in

1972 by the construction of a 150mm soil-sand bituminous stabilized base on the then

existing cement base of the road in 1970. Also, on the Damaturu-Beni-Sheik road, sand

bitumen stabilized base was used, (Ayodele Ibrahim, 1977).

The Kenyan government is currently carrying out some tests on a chemical

solution, Con Aid, which is expected to revolutionise road building and maintenance in

the country (Ogweno Bonyo, 1997). A process has been developed for use in U.K. in

which asphalt emulsion has been used in 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.

c. to determine the effects of the chemical additives on the strength of the soils.

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

4



three samples.

e. to investigate the possible use of asphalt-emulsion mixed with cement as a

stabilization technique using the 3 samples.

f. to examine the response of these soils to varied percentages of the mixtures and

g. 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 properties 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 plasticity of others (by preventing intimate mixtures) which can either inhibit

the normal bardening of .emenr or lead ultimately to a 10 of durability of th hard d

marerial have limited the use of portlandcement.

Previous studies have pointed out beneficial results of simultaneous' useof rrme
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and cement but the use of cement in conjunction with asphalt-emulsion has not been

thoroughly investigated. It is therefore necessary to investigate the use of this mixture

and determine their engineering properties for utility as road foundation and construction

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.

6



CHAPTER TWO

LITERA TURE REVIEW

2.1 INTRODUCTION

Laterites and lateritic soils have over the years been given an increased attention by soil

engineers because of their wide-spread distribution and engineering application. '[he

word 'Laterite' was originally suggested 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 1800-1801. Laterites have been described as soils

which were developed together with red and yellow soils under optimal moisture

contents. They result from changes which occur in zones 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

1. true laterites (those with silica - alumina ratio less than 1.33),

11. Lateritic soils (those with ratio between 1.33 and 2.0) and

111. 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

7



in an accumulation of sesqui oxides particularly iron. Laterite is a granular type of earth

of a strong red colour, generally 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, Little defined laterites as in-situ products of tropically weathered

Igneous 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 accepted definition of laterite as a hardened material formed by the

primary weathering of residual soil in which sesquioxides are present in parent rock 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 as 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

opinion that laterite contains aluminium, iron and silica in varied proportions and based

on the constituent components of laterite, each definition follows the type of lat~rite

formation available.

8



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

bumid regions. Some theories were put forwardto account for th aria-in andformation

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 aluminium hydroxides which are insoluble and are not

re-dissolved during the raining season and are therefore 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

in a great variety and their characteristics depend on the parent rock or the geology of

the area. Mohr and Mazhar (1969) gave four basic conditions were given for laterization,

namely:

9



a. Availability of iron rich mineral in the parent bed rock

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

c. Presence of ample oxygen in the ground water in order to form iron oxide and

d. Presence of a primary neutral or acidic geochemical environment.

Gidigasu, (1976) also expressed the opinion that laterite is composed essentially

of secondary oxides of iron and alumina or both and contains large amounts of quartz

and kaolinite. Levinson (1974) noted that for the formation of laterite, 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 is 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-tropical

regions of the world, and laterites in fossil states are found in dried climates and

sometimes in temperate climates. Also as hardened occurrences, laterite extends beyond

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

the past.
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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 soil. Laterites

can be associated with a characteristic profile forming the following level in descending

order as shown in fig.2.l

1. 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.

, J.

'<,

, " I I .\

- - ~ - Surface zone-:-

10 .C>
,

0<> C> .

=
, 6, ;:,--;::,

- Lateritic bed
D <::> = 0

C> = = = <9 -= -=
-ee- = = -.:,

p -c::> a

(9 "" <::> = -= ~ .= -ZoneofprimaryalterationtoKaolin

l>- D 6, 6. G. .6
~

C> D .b .l> b 6 ~
D j). b ~

.b. .6. b - Fresh zone of unaltered rod

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
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parent rock material, envirorunental factors and characteristics of the locality in which

the soil has been in the course of its geologic history (Gidigasu, 1976). In permanent

moist condition, laterite is soft but when it is 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

a wide range of 2.2 to 2.8. He also observed that the higher the degree of laterization,

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 hydratedforms.

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 quartz 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
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separated or highly clustered. The outline varied from specimen to specimen. A

specimen may be homogenous in appearance without may distinguishing features or may

exhibit regular patterns. Newill and Dowling, 1970 pointed out the difference between

laterites in western Malaysia and those in northern Nigeria. He noted that nodular laterite

is more common in Malaysia while in Nigeria, it 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 (S102: (Fe203+A 12 03) 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 availablein 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 pavementin this country. Based on

the engineering properties of laterite, they are used in the following ways:

1. For roofing local buildings.

13
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I!. Construction of earth structures, such as earth dams.

lll. For 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 part of

Nigeria 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 and after rainfall but this can be prevented by

adequate maintenance of the road.

2.3 Soil Stabilization

Soil stabilization is the process by which natural soils and aggregates are improved for

engineering use. It is a technique 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 obtain

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 involve the addition of additives such as cement, lime (usually hydrated lime),

bitumen or a chemical stabilizer such as sodium silicate, calcium chloride, or industrial

wastes and resins depending on the nature of soil to be stabilized. The improvements

which can result from stabilization include the following:

1. Increase in strength

ll. increased resistance to the effects of water

111. drying of wet soils

IV. volumetric stability

v. improved workability and

VI. improved durability.

Cement, lime and bitumen stabilization are used either to improve strength or to iinprove

workability or for waterproofing (Cementitions stabilizers in roadworks, Draft TR H13).

Portland cement has been used with great success to improve existing gravel roads, as

well as to stabilize natural soils. It can be used in granular soils, silty soils, and lean

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 used in granular materials and lean clays; the quantity required for proper

hydration generally is relatively low. Flyash is generally high in silica and alumina.

Therefore, the addition of flyash to lime stabilized soil speeds the pozzolanic action but

the quantity of flyash required for adequate stabilization is relatively high, restricting its

15
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2.3.1.1 Soil And Cement Reaction

The primary and most important reactions are the hydration reactions of the cement with

water in the soil. These lead to the formation of cementitious materials, (calcium silicate

and aluminate hydrates as in concrete). The reactions occur almost independently of the

nature of the soil and it is 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, flyash, 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 to increase shear strength and

CBR, without endowing the material with a significant modulus and tensile strength. The

17



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 materials. 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 "bound" 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 in the range 2,000to 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

1. Age

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
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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 to pavement design.

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

design.
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Ill. 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 to large increases in

measured CBR's. Such CBR's may grossly over-estimate 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 5mm

pen) is probably more representative 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 in the design of cement bound layers

which are relatively brittle, with a high modulus and very low tensile strain at fracture.

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 content, 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 inter-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 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

strength versus deformation is linear-elastic up to the onset of microcraking and

thereafter becomes non-linear and non-elastic (Introduction to soil stabilization, 1987).

2.3.1.3 Condition Appropriate For Cement Stabilization

Overseas unit (1987) gave two main factors for cement stabilization:

1. Soil factors, dealing with the composition of the untreated soil and its response

to cement

2. 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 to low

plasticity materials for use as pavement layers. Although it is possible to treat almost

any soil 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 a 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

limits for effective cement stabilization. ".( ,

Table 2.1: Guide to Property Limits For Effective Cement Stabilization

(a) Property limit Particle size

Maximum size 75mm

Passing 4.75 mm >50%

Passing 425 -..urnsieve >15%

Passing 75-.1JmSieve <50o/~

Finer than 2-11m <30%

(b) Plasticity

Liquid Limit <40%

Plasticity Index <20%

2. Production Factors

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 modified and bound 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 quicklime or cement for efficient break down thus

enhancing the stabilization (Coyne and Ripple, 1975).

ll. Water Quality

Previous works and stabilization have pointed out that water suitable for making concrete

is also suitable for use in cement stabilization. Water having organic matter or a high

sulphate content (i.e above 0.05 per cent) is unsuitable so as to prevent sulphate attack

on the stabilized material and the quantity of water added depends on the desired

maximum dry density.

iii. 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 dry out of stabilized
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materials due to continual loss of water to the atmosphere or alternatively frequent

surface watering may be applied to keep the stabilized material damp. For laboratory

prepared specimens, it is usual to keep samples in sealed, air-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

soil mass.

2.3.2.1 Bituminous Material

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

1. Hot Bitumen

11. Liquid bituminous products in the form of cut-back bitumen or the lower grades

of tar.

Ill. 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 cutbacks are usually used in stabilization works. Basically a

cutback is a bitumen+ a solvent. Three designation are used RC, MC and SC

meanmg:

RC (rapid curing) = AC (80 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 cutbacks remains to a large extent in the mix, SC

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 cutbacks, it will take a number of months. A designation in number is also used

(e. g Rc-250) to indicate the viscosity.

Asphalt emulsions are liquid mixtures that contain asphalt cement, water and an

emulsifying 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(SS). Also a number (1 or 2) is used after the letter (e.g. Ms-2). The

lower numbered grades are the most fluid (i. e. a Ms-I emulsions is more fluid than a

MS-2). Sometimes a small letter h is used after the number (MS-2 h) meaning that the

base asphalt is 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-L, 'Mc-2 grade.
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However, both r2.:;Jid curing and slow curing cut back bitumens of similar viscosity have

also frequently be-en used. The characteristics of the cutback bitumen will depend on the

particle size distribution of the sand, the temperature of application and the type of

mixing plant. Bitumen emulsions are generally only suitable for soil stabilization in

climates where rapid drying conditions occur, since this is equivalent to adding water to

the soil as well as a bituminous binder. In the British Isles, 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 emulsion may be an advantage since it helps to provide part of the optimum

fluids content to me compaction thereby reducing the amount of water necessary for this

purpose (Guide to stabilization in roadworks, 1969).

2.3.2.2 Sofil Types And Conditions of Mixing

The most suitable types 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 :o::L.ayreadily 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 non to 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 a means to maintain low moisture contents and high bearing

capacities.

The most suitable soils for emulsion stabilization are well-graded non-cohesive
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to slightly cohesive soils (sands) with plasticity index less than 6. The distribution of

emulsion throughout the soils is influenced by the moisture content of the soil. Dry soil

causes the emulsion to break prematurely resulting in the bitumen forming into "blobs"

and not spreading evenly. At increased moisture content, the tendency for the emulsion

to break prematurely is reduced and the time of mixing can be prolonged 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, Band C were used for this

investigation. The samples are borrow pit materials used on Ado-Ekiti - Ikare road

rehabilitation project. The three samples were chosen as representative samples after tests

had been carried out on various samples around the locality.

Sample A was taken at km 9+500 along Ado-Ikare road, sample B at km

58+700, Ogbagi town while sample C was collected at km 53+550, lrun Akoko town.

After collection, samples were stored in polythene bags immediately prior to their use

to prevent loss of moisture.

Portlant cement type 1 was used for soil-cement mixtures because it is the type

mostly used in 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.

3.2 Testing Procedures

A. Natural Soil Samples

The following tests were carried out on each of the three samples used viz:

1. identification and classification tests which include particle size distribution,

atterberg limits and specific gravity.

11. Mineralogical composition to determine the clay minerals of the soils.
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111. Compaction tests to determine moisture - density relations for each sample

IV. California Bearing Ratio Test (CBR) and

v. Unconfined compressive strength test.

The procedures used in carrying out these tests were according to standard

methods 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 of the

additives were used. The following tests were carried out on each treated sample:

1. Compaction tests using modified AASHTO T180-70 method

11. California Bearing Ratio using AASHTO T193-63

Ill. 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 storedin polythene

bags to prevent loss of moisture. Prior to their use, deleterious materials such as roots

were removed. The samples were air-dried, 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 used 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, 1 and 2 percent of cement were used

to modify each asphalt-emulsion mixture.

Mixing of samples with additives was done manually at the optimum moisture

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

into the soil.

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 out using

standard methods as previously stated. The results are discussed in chapter four with"the

following relations shown:
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1. Moisture-density relations for natural and treated samples with varymg

percentages.

11. Maximum dry density versus chemical content.

Ill. Optimum moisture content versus chemical content.

IV. CBR versus chemical content.

v. Unconfined compressive strength (UeS) versus chemical content and

VI. UCS with Age of curing.
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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 to 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 Classification Tests

The particle size distributions of the samples are as shown in Table 4.1. The average

distributions were:

Sample A:

Gravel 3.4%

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 to AASHO classification. Soil B contains 68% coarse material

and 32% fines with a liquid limit 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-2-7 according to AASHO classification.

Soil C consists of 44.5 % coarse material and 55.5% fines. It has a liquid limit

of 55 %, plastic limit 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, Band C.

Sieve Wt. Retained (g) % Cumm. Retained % Passing

Opening

9.5 -

4.76 17 -

2.30 46.2 3.4 100.0
1.18 97.1 9.2 96.6
0.60 153.0 19.4 90.8
0.425 180.6 30.6 80.6
0.300 218.2 36.1 69.4
0.150 241.1 43.6 63.9
0.075 241.1 48.2 56.4

329.0 65.8 51.8

Sample B 34.2

9.5 -

4.76 37.5 - 100.0
2.30 94.0 5.8 94.2
1.18 183.0 7.5 92.5

.•..•...

0.60 217.5 18.8 81.2

0.425 226.0 36.6 63.4

0.300 236.5 43.5 56.5
0.150 260.0 45.2 54.8
0.075 47.3 52.7

68.0 32.0
Sample C -

2.5
9.5 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 87.2
0.60 182.5 19.8 80.2
0.425 209.0 25.5 74.5
0.300 222.5 36.5 63.5
0.150 41.8 58.2
0.075 44.5 55.5

Weight of Sample Used= 500g
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B. Chemical And Mineralogical Composition

In order to establish correlation between composition and chemical stabilization, the

chemical and mineralogical composition of the samples were determined usmg the

procedures as given in BS 1377. The results are as shown in Table 4.3.

For the three samples, the silica-alumina ratio are about 2, thus they are lateritic

soils with no presence of sulphates and carbonates. The pH of samples A, Band Care

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: Atterberg Limits of Sample

Limits Sample A % Sample B % Sample B%

Liquid limit 31 46 SS

Plastic limit 22 31 29'

Plasticity Index 9 26

15

Table 4.3: Chemical Analysis Result

SAMPLE Si02 Alp) Fe2O) CaO MgO LOI Na20 KP PH
~-

A 56.81 26.22 0.88 2.71 3.06 11.10 Bd Bd 5.6

B 56.00 26.11 0.10 2.73 3.46 11.13 Bd Bd 5.4

C 50.50 30.93 0.11 2.40 3.01 12.50 Bd Bd 4.8

LOI - Loss on Ignition

SP2 - Silica content
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F.g 4.3: Clay identification Chart using plastic limit and plasticity index.
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C. Compaction Test

Results of compaction tests on the natural samples are shown in figure 1 in appendix II

for sample C as representative of the Laboratory procedures. Samples A and B both have

a maximum dry density of 1.80g/cc with optimum moisture contents of 12.3% and

15.3% respectively. The M.D.D and O.M.C for soil Care 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 natural forms for use as highway materials was

investigated using the CBR test. The results gave CBR values of 20 % , 18 % and '8 %

for samples A, Band C respectively. From the results, the samples are rated 'as fair

subbase material which normally have CBR values between 8-20% and thus needed to

be improved for base material 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/m27-day strength to 1.20 MN/m2 28-day strength for sample A and from a 7-day

strength of 0.50 MN/m2 to 0.85 MN/m2 at 28 days for sample B with sample C

increasing from a 7-day strength of 0.41 MN/m2 to a 28-day strength of 0'.68 MN/m2,
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The low results of the unconfined compressive strength tests of the three samples indicate

that the samples 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 investigation and comparison of results,

varying proportions of the additives were used as previously discussed. The following

tests were carried out on the treated samples:

a. Compaction test

b. California Bearing Ratio CC.B.R.) test.

c. 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 varying proportions of the additives.

4.2.1.1 Cement Treated Samples

Results of compaction test on samples treated with cement are as shown on Table 4.4.

The variations of dry density and moisture content are shownin Figures 2 to 5 in
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Appendix II for sample C treated with 2, 4, 6 and 8% cement contents. The results show

that adding cement to the samples increased the optimum moisture content and decreased

the maximum dry densities.

For soil sampleA, the O.M.C and M.D.D change from 12.3% and1.80 g/cc at

0% cement content to 14.5% and 1.73 gl cc at 8 % cement content. Soil B has a

maximum dry density and optimum moisture content of 15.3% and 1.80g1cc at 0%

cement and16.5 % and 1.74gl cc at 8% cement content while soil C increased in O. M.C

from 16.3% at 0% cement to 16.8% at 8% cement with M.D.D. of 1.70g/cc and

1.62g/cc respectively.

Sample A and B have the highest M.D.D in all percentages of cement content

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 caused 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 samplesA, Band C respectively.
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Table 4.4: Summary of Test Results For Cement-Treated Samples

Samples

CEMENT CONTENT OMC MOD glee CBR UCS UCS UCS I

% % % 7days 14days 2Sdays r
I

SAMPLE A

0 12.3 I.S0 20 085 1.00 1.20

2 13.2 1.78 94 1.98 2.01 2.20

4 13.9 1.77 120 3.50 3.62 3.72

6 14.2 1.75 180 4.65 4.78 4.95

8 14.5 1.72 220 5.20 5.48 5.61 I
I

SAMPLE B

0 15.3 1.80 18 0.50 0.72 0.85

2 15.6 1.79 58 1.25 1.38 1.50

4 15.8 1.78 88 3.39 3.65 3.76

6 16.1 1.76 150 4.42 4.65 4.80

8 16.5 1.74 199 4.85 4.95 4.98

SAMPLE C

0 16.3 1.70 8 0.41 0.50 0.68

2 16.0 1.68 22 0.68 0.73 0.90

4 16.5 1.65 40 0.99 1.26 1.16

6 16.7 1.64 80 1.21 1.35 1.47

8 16.8 1.62 102 2.00 2.15 2.21

TABLE 4.5 SUMMARY OF TEST RESULTS FOR SAMPLES TREATED WITH
ASPHALT-EMULSION

Asphalt-Emulsion OMC MDD CBR UCS UCS ues
Content % % glee % 7days 14days 28days

SAMPLE A
0 12.3 1.80 20 0.85 1.00 1.20
2 15.8 1.80 76 1.61 1.72 1.80
4 15.4 1.86 110 2.20 2.30 2.50 I6 16.0 1.76 140 3.00 3.60 4.10
8 16.5 1.74 91 2.00 2.20 2.25

SAMPLE B
0 15.3 . 1.80 18 0.50 0.72 0.85
2 15.5 1.78 45 0.85 0.92 1.20
4 15.8 1.76 70 2.09 2.35 2.45
6 16.0 1.75 80 2.59 2.68 2.82
8 16.1 1.72 60 1.95 2.10 2.35 ,

I
SAMPLE e

I0 16.3 1.70 8 0.41 0.50 0.68
2 16.1 1.63 12 0.50 0.56 0.69
4 16.0 1.60 33 1.00 1.20 1.45
6 16.2 1.59 40 1.50 1.60 1.80
8 15.7 1.53 60 1.80 2.00 2.44.
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4.2.1.2 Asphalt -Emulsion Treated Samples

The results of compaction tests on sample treated with asphalt-emulsion and the

relationship between dry density and moisture content at different percentages of

emulsion are shown in Figures 6 to 9 in AppendixII. For samples A, Band 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 to 16.5 % at 8%

emulsion content while maximum dry density decreased from 1.80glcc at 0% emulsion

to 1.74g/cc at 8% emulsion.

The O.M.C of sample B also increased from 15.3% at 0% asphalt-emulsion to

16.1 % at 8 % asphalt-emulsion content but decreased in M.D.D as emulsion content

increases from 1.80glcc at 0% emulsion to 1.72glcc at 8% emulsion content. .

For soil sample C, there is reductionin 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

to 15.7% at 8% emulsion content. The M.D.D also reduced from1.70g/cc to 1.53g/cc

at 8% emulsion content. Variations of M.D.D and O.M.C with asphalt-emulsion contents

for samples A, Band C are shown in Figures 4.7 to 4.9.
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4.2.1.3 Cement-Modified Asphalt-Emulsion Mixtures

Samples A, Band C were treated with mixtures of asphalt-emulsion and cement. 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 in

Tables 4.6 to 4.8 for samples A, Band C respectively, with the relationship betweendry

density and mositure content at each variation of additives for sample C shown in Figures

10 to 21 in Appendix II.

Results show an increase 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% at

0% additives to 16.3 % with 8 % asphalt-emulsion combined with 2 % cement. The

M.D.D also increased from 1.80g/cc at 0% additive to 1.89g/cc using 2 % emulsion and

2% cement content. Further increase in the quantity of additive led to reduction in the

M.D. D to 1.78 g/ cc at 8 % 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 0.5 % cement and increased as the amount of cement added' for

modification increases. Using 8% emulsion and 2% cement gave an O.M.C of 16.3%

with increase in additive content from 1.80g/cc at 0% emulsion to 1.64g/cc at 8%

emulsion and 2% cement.
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Table 4.6: SUMMARY OF TEST RESULTS FOR SAMPLE A TREATEDWITH ASPHALT-
EMULSION AND CEMENT

EMULSION :CEMENT OK MOD CllR UCS UCS UCS
% glee % 7days 14days 28days

2:0.5 14.8 1.86 85 1.02 1.20 1.34

4:0.5 15.0 1.84 120 3.96 4.19 4.32
6:0.5 15.2 1.82 145 3.00 3.25 3.60
8:0.5 15.4 1.79 100 2.20 2.41 2.53

2: I 15.0 1.83 105 2.81 3.00 3.25
4: I 15.4 1.81 125 4.00 4.25 4.66
6: I 15.8 1.77 150 3.50 3.72 3.80
8: I 16.1 1.76 120 2.70 2.81 2.88

2:2 14.8 1.89 120 3.56 3.73 3.90
4:2 156 1.83 200 4.85 5.00 5.12
6:2 15.8 1.82 150 3.80 3.98 4.21
8:2 16.3 1.78 125 2.86 2.90 2.98

TABLE 4.7 SUMMARY OF TEST RESULTS FOR SAMPLE B TREATEDWITH ASPHALT-
EMULSION AND CEMENT

EMULSION: OMC MOD CBR UCS UCS UCS
CEMENT % glee % 7days 14days 28days

2:0.5 13.4 1.74 50 0.87 0.95 1.02

4:0.5 13.8 1.73 85 2.35 2.79 2.85
6:0.5 13.1 1.72 95 2.70 2.87 3.01
8:0.5 13.2 1.70 80 2.00 2.36 2.41

2: 1 13.6 1.72 75 0.96 1.02 1.16

4:1 15.4 1.70 98 3.19 3.30 3.46

6:1 14.2 1.63 119 2.80 2.93 3.01
8: 1 15.0 1.60 80 2.50 2.61 2.75

2:2 14.4 1.70 100 2.90 3.00 3.34
4:2 15.3 1.68 140 3.50 3.65 3.80
6:2 15.8 1.66 125 3.01 3.30 3.38
8:2 16.3 1.64 115 2.60 2.72 2.80

TABLE 4.8: SUMMARY OF TEST RESULTS FOR SAMPLE C TREATEDWITH ASPHALT-
EMULSION AND CEMENT

EMULSION: OMC % MOD glee CBR % UCS 7days UCS 14days UCS 28days
CEMENT

2:0.5 15.2 1.63 25 0.58 0.95 1.20

4:0.5 16.3 1.69 45 0.90 1.16 1.28

6:0.5 16.6 1.63 50 1.50 1.65 1.80

8:0.5 16.3 1.54 80 1.60 1.80 1.87

2:1 15.6 1.61 30 0.75 1.00 1.18

4: I 15.6 1.60 50 0.95 1.07 1.29

6: I 16.1 1.58 70 1.20 1.38 1.50

8: I 16.5 1.55 90 1.70 1.83 1.95

2:2 15.8 1.65 40 1.86 2.00 2.54.
4:2 15.9 1.63 90 2.80 3.15 3.40

6:2 16.3 1.59 105 3.05 3.20 3.50
8:2 16.6 1.56 120 3.70 4.00 4.21
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For soil sample C, using 4% asphalt-emulsion mixed with 0.5% cement gave the

highest M.D.D result of l.69g/cc at an O.M.C of 16.3% but adding more emulsion and

cement led to reduction in the M. D. D. With 2 % emulsion and 1% cement, result show

a M.D.D. of 1.61g/cc which reduced to l.56glcc and an increased O.M.C of 16.6% at

8% ernul ion with 2 % cement content.

Figures 4.10 to 4.18 show relationship between M.D.D 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 tests were carried out on samples A, Band 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 II 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 results 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 22.0% 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% to 102% using

8% cement content indicating that strength of the materials increases as cement content

increases within the limits of the percentages used. Sample A due to its coarse nature has

the highest CBR values at all percentages of cement used when compared to 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, Band 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 at 6% emulsion content after which the CBR

values decrease on further addition of emulsion.

At 0% emulsion content, sample A has a CBR value of 20% which increases

continuously as emulsion content increases to a maximum value 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 to 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 content

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 C increase as asphalt-emulsion content increase but

with low percentage of increment. It increases from a CBR value of 8% at 0% emulsion

to a maximum value of 60% at 8% emulsion content. Addition of more emulsion will

be required to bring the material for use as a base material. This low CBR values of

sample C is due to presence of excessive amounts of clay which made mixing and

compacting difficult in concerning to the work of L.D coyne and R.M Ripple of Chevron

Asphalt company Emulsified Asphalt Mix Design and Construction, (1975) which shows

that materials containing excessive amounts 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 asphalt-emulsion content are related in

Figures 4.23 to 4.25 for samples A, Band C.

4.2.2.3 Cement-Modified Asphalt-Emulsion Mixtures

Cement in varying proportions of 0.5, 1 and 2% were added to samples A, Band C

before treating with asphalt-emulsion. Unsoaked CBR tests were carried out on the

specimens to determine the influence of cement on strength of soil-asphalt-emulsion

mixes.
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Shown in Tables 4.6 to 4.8 are CBR values of asphalt-emulsion treated samples

modified with cement. Addition of 0.5% cement with asphalt-emulsion contents for

sample A increases the CBR value from 85 % with 2 % emulsion to 145% using 6 %

emulsion and with 8% emulsion, a CBR value of 100% was obtained. Adding "1%

cement to the different percentages of emulsion increased the CBR value to a maximum

of 150% with 6% emulsion and on further increment of cement, the CBR value reduced

to 120%. Mixing the emulsion contents with 2% cement gave CBR values of 120% and

200 % using 2 and 4 % emulsion contents respectively but increasing emulsion content

over this percentage reduces the CBR value to 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 later reduced to a CBR value of 80% with 8%

emulsion. Also a maximum CBR value of 119% was obtained using 1% cement and 6%

asphalt-emulsion which reduces to 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 % at 6 and 8% e.•mulsions 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

at all percentages of cement used for modification. For the percentages of emulsion

used, the maximum CBR value was obtained at 8% emulsion. Mixing with0.5% cement
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gave a value of2S % at 2% emulsion which increases to 80% at 8% emulsion and using

1% cement gave a CBR value of 90% with 8% emulsion content. Using 2% cement for

modification 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 results of adding cement to asphalt-emulsion and using asphalt-

emulsion alone for improving the three samples tested shows that small addition of

cement materially improves the strength of asphalt-emulsion treated samples. The

variation of CBR with modified Asphalt-Emulsion mixtures are shown in figures 4.26 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 test specimens in 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 unconfined compressive strength on the samples treated with

varying percentages of cement.

From Figures 4.29 to 4.31, samples A, Band C increased inueswith age and

as cement content increases as in concrete.

At 2 % cement content, sample A has a 7 daysues of 1.98 MN/m2 which

increases to 2.20 MN/m2 at 28 days. Using 8 % cement content a maximum 7 and 28-

day ues of 5.2MN/m2 and 5.61 MN/m2 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-dayuesof 1.25 MN/m2 and 1.50 MN/m2 at 2 % cement

content and at 8% cement auesof 4.84 MN/m2 at 7 and 28-day were recorded. With

2% cement, samplee has a 7 and 28-dayues of 0.68 MN/m2 and 0.9 MN/m2

respectively. Using 8 % cement increased the 7 and 28-dayues to 2.0MN/m2 and 2.2

MN/m2 respectively. The variations ofueswith cement contents for samples A, Band

e are shown in Figures 4. 19 to 4.22.

4.2.3.2 Asphalt- Emulsion Treated Samples

The variations of unconfined compressive strength with age for asphalt-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, using 2% emulsion, a 7-day ues of 1.61 MN/m2 was obtained

and increased to a 28-day ues of 1.8 MN/m2
. At 6% emulsion, it has a 7-day strength

of 3.0 MN/m2 and 4.1 MN/m2 at 28-day. With 8% emulsion content, results show a

ues of 2.0MN/m2 and 2.25 MN/m2 for 7 and 28-day strength respectively showing

reduction in strength with too much asphalt-emulsion content. Sample B has a ues

of 0.85 MN/m2 and 1.2 MN/m2 at 7 and 28-day using 2 % asphalt-emulsion. Increasing

the amount of emulsion to 4%, ues values of 2.01 MN/m2 and 2.45 MN/m2 were

obtained for the 7 and 28-day. Using 6 % emulsion further increased the 7 and 28-day

strength to 2.59 MN/m2 and 2.82 MN/m2 respectively and decreased to 1.95 MN/m2 and

2.35 MN/m2 the 7 and 28-day ues at 8 % asphalt-emulsion.

Sample e also increases from a 7-day DeS of 0.5 MN/m2 to a 28-day ues of

0.69 MN/m2 with 2 % emulsion content. Increasing the asphalt-emulsion content

increases the ues to a maximum 7-day strength of 2.0 MN/m2 and a 28-day strength of

2.43 MN/m2 at 8% emulsion content which implies that age hardening of asphalt

increases unconfined compressive strength. The variations of ues withvarying

proportions of emulsion are shown in Figures 38 to 40in the Appendix with the effect

of age hardening on the samples shown in Figures 4.32 to 4.34.
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4.2.3.3 Cement-Modified Asphalt-Emulsion Mixtures

Using specified percentages of 0.5-2 % cement content to modify the properties of

asphalt-emulsion treated samples, unconfined compressive strength tests were performed

on the three samples and the results are as shown in Tables 4.6 to 4.8.

From the results, there is an increase in strength from 2-4 % emulsion modified

with 0.5% cement for sample A. With 2% emulsion, auesof 1.02 MN/m2 at 7-'day

and 1.34 MN1m2 at 28-day were obtained. Treating with 4 % emulsion gave a 7 and 28-

day UCS of 3.9 MN/m2 and 4.32 MN/m2 respectively. Increasing emulsion content to

6% reduced theues to a 7 and 28-day values of 3.0MN/m2 and 3.6 MN/m2. At 8%

emulsion, a further reduction inues to a 7-day strength of 2.2MN/m2 and a 28-day

strength of 2.53MN/m2 were obtained.

Addition of 1% cement to varying emulsion contents gave a maximumuesof

4.0 MN/m2 for 7-day and 4.66MN/m2 for 28-day at 4% emulsion content before

decreasing to 3.5MN/m2 and 2.7 MN/m2 with 6 and 8% emulsion contents respectively.

Varying emulsion contents with 2 % cement yielded a maximum 7 and 28-dayuesof

4.85 MN/m2 and 5.12 MN/m2 at 4% emulsion content. And at 6% emulsion, result

shows a 7-day strength of 3.8MN/m2 and a 28-day strength of 4.21MN/m2. There is

a reduction in strength using 8 % emulsion with 2 % cement to a 7 and 28-day strength

.
of 2.86 MN/m2 and 2.98 MN/m2.

A minimum 7-day strength of 1.02MN/m2 was obtained with 2 % emulsion

treated with 0.5% cement and a maximum 28-day strength of 5.12MN/m2 at 4%

emulsion combined with 2 % cement contents.

Using 0.5 % cement for modification of asphalt-emulsion content of B resulted to
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a minimum 7 and 28-day strengths of 0.87 MN/m2 and 1.02 MN/m~ with 2% emulsion

content and maximum strengths of 2.70 MN/m2 and 3.01 MN/m2 at 6% emulsion

content for the 7th and 28th days strengths respectively which reduced to 7 and 28-day

ues of 2.0 MN/n} and 2.4 MN/m2 at 8 % emulsion content. Mixtures of asphalt-

emulsion with 1% cement increased inues from a 7-day strength of 0.96MN/m2 with

2 % emulsion to 3.19 MN/m2 at 4 % emulsion content. Increasing the percentage of

emulsion reduced theues to 2.5 MN/m2 (7-day) at 8% emulsion. Combining emulsion

percentages with 2 % cement gave a maximum 7-day strength of 3.5MN/m2 with 4 %

emulsion and a reduced strength of 2.60MN/m2 with 8% emulsion. A 7-day uesof

2.9 MN 1m2 was obtained using 2 % emulsion with 2 % cement contents.

The strength of samplee increased on addition of 0.5% cement and as the

cement content increases but with a low range of increment. It increased from 7-day

strength of 0.58 MN/m2 to 1.60 MN/m2 using 2 - 8% emulsion contents.

Generally speaking, addition of a small percentage of cement to soil-asphalt-

emulsion mixes has a beneficial effect on strengths of tested specimens. Using 1%

cement for modification of samplee increases the compressive strength as emulsion

content increases. Addition of 1 % cement to 2 % emulsion gave a 7-day strength of 0.75

MN/m2 with 8 % emulsion. Mixtures of emulsion with 2 % cement gave a 7 and 28-day

uesof 1.86 MN/m2 and 2.54 MN/m2 at 2 % emulsion combination and increased to 2.80

MN/m2 using 4 % emulsion with 2 % cement. With further increment in emulsion

content, an increased Ues of 3.70 MN 1m2 was obtained at 8 % emulsion content.

Figures 4.26 to 4.28 show the variations ofueswith cement - modified emulsion mixes

with the influence of age of curing on strength shown in figures 4.35 to 4.43.
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CHAPTER FIVE

DISCUSSION OF RESULTS

5.1 OBSERVATIONS ON THE RESULTS )
(

Results of the various tests carried out on the three samples show that addition of cement

to samples treated with asphalt-emulsion resulted in increased strength over that of

samples treated only with asphalt-emulsion. This is in accordance with the work 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 and after moisture exposure.

The Atterberg Limits of the samples studied range from 31-55 % for Liquid

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 densities and optimum moisture contents when untreated, are 1.80,

1.70g/cc 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-2-5, Soil B as A-2-7

and soil C as A-7-6 which is a sandy soil of high plasticity.

The addition of chemical stabilizers to samples generally increases the optimum

moisture content and reduce the maximum dry densities and this latter is more

pronounced with cement stabilized materials because the added cement resulted into

flocculation of the soil fines and creation of loosely-bonded aggregations and requires

more water for proper hydration to take place as cement content increases as in concrete

(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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reactive elements especially in clay soils such as sample C and then binds the soil

particles together. This is why cement can be used to stabilize nearly all soils but

uneconomical with clay soils due to high amounts required for treatment.

California Bearing Ratio tests results show appreciable increase in CBR values for

all samples treated with cement and as 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 increases from 18% at 0% cement content to 199%

at 8% cement content. Sample C also has increased CBR values though with a .low

increment range from 8% CBR value at 0 % cement content to 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 content increases. That is sample C requires high

amount of asphalt -emulsion to be added before desired strength can be attained in

contrast to samples A and B which got their maximum values at 6% asphalt-emulsion

contents.

The unconfined 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 is more pronounced with sample C but addition of

cement for pre-treatment of the samples resulted in increased strengths over the use of

I

87



'~---

only asphalt-emulsion

The benefit of cement addition under marginal curing conditions was illustrated

in a field test at Oakland International Airport Coyne and Ripple (1975) 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 setting type of asphalt-

emulsion and cement was then included in the project. Tests on cores from the cement

treated section confirmed that cement modified asphalt-emulsion mixes developed high

early strength in wet construction conditions.

The added cement causes the emulsion to break, changes the water film on soil

particles, modifies clay minerals in the soil to some extent and decreases soil plasticity,

absorbs some of the resulting free moisture in the soil by hydration; promotes good

dispersion of the asphalt phase throughout the soil, and gives added strength to' the

processed and compacted soil when it had hardened.

5.2 Economics And Benefits 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 to achieve specified degree of pulverisation over that of using only asphalt-

emulsion. Another advantage of the added cement is that the cement will absorb some

of the excess free moisture in the soil by hydration and will give added strength to 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 normally applied minimum UCS of 1.7MN/m2 or a CBR value of 100 percent (20),

comparisons of the different admixtures are made in terms of the results of their CBR

and 7 day UCS strength on the assumption that strength is a measure of quality. For

sample A, satisfactory minimum 7-day UCS of 3.4MN/m2
, 2.2MN/m2 and 2.81MN/m2

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-asphalt-

emulsion-cement mixture gives a saving of 1% of additive material and is more

economical as will be seen in the cost analysis later.

Sample B gave a CBR value of 150% and a 7-day UCS of 4.42MN/m2 with 6%

cement content and a maximum UCS and CBR values of 2.59MN/m2 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/m2 respectively. Again, there

is a saving in the quantity and cost of additive materials comparing the relative costs of
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these additives.

The best strength results were obtained with the addition of cement and asphalt-

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

gave a maximum 7day UCS of 2.0MN/m2 and 1.80MN/m2 and CBR values of 102% and

60%, an admixture of 2% cement to 6% asphalt-emulsion raised the 7-day UCS and

CBR values to 3.05MN/m2 and 105%.

Details of the cost analysis are shown in Appendix 1, but the summary is outlined

below:

Chemical Content

Sample A

4% Cement

4 % Asphalt-emulsion

2 % Asphalt-emulsion with 1% cement

4% Asphalt-emulsion with112 % cement

2 % Asphalt-emulsion with 2 % cement

8% Asphalt-emulsion with1/2 % cement

Sample B

6% Cement Nl,550

Wl,950

W2,100

Nl,300

Cost/tonne

Wl,300

Wl,500

Wl,200

Wl,600

Wl,300

W2,5S0

6 % Asphalt-emulsion

6% Asphalt-emulsion with1/2 % cement

2 % Asphalt-emulsion with 2 % cement

90



Sample C

8% Cement

8 % Asphalt-emulsion

8 % Asphalt-emulsion with 1% cement

6 % Asphalt-emulsion with 2% cement

2 % Asphalt-emulsion with 2% cement

8 % Asphalt-emulsion with 1/2 % cement

N 1,950

N2,500

N2,650

N2,300

Nl,300

N2,550

•
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CHAPTER SIX

CONCLUSIONS AND RECOMMENDATIONS

6.1 CONCLUSIONS

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

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

the results led to the following conclusions:

1. Cement stabilization improves the strength of all soils but at different rates. It

is best suited for coarse grained soils and not economical for plastic soils.

2. Pretreatment of fine grained soils facilitates mixing-in of emulsion and hence

improves workability.

3. For each soil-additive mixture, there is an optimum amount of of additive which

gives a maximum compressive strength depending on the type of soil.

4. The optimum moisture content for maximum density and the optimum moisture

content for maximum strengths of the samples are not always the same.

S. Addition of cement increases the compressive strengths of soil-asphalt-emulsion

mixtures.

6. Curing of treated samples increases the compressive strengths.

7. The increase of strength with addition of cement, in terms of percentage,IS

higher for soilswith high clay content and for soil-asphalt-emulsion mixtures with

lower emulsion content.

8. Soil-cement mixtures harden much faster after compaction than soil-asphalt-

emulsion and a mixture of soil-asphalt-emulsion with cement.

9. Although the cost of asphalt-emulsion is higher than that of cement, it is still

economical to a mixture of asphalt-emulsion and cement due to reduced additive
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quantity experienced by using the mixture.

The economic advantage of the simultaneous use of asphalt-emulsion and cen~ent

for all the samples treated is paramount. The combination favours soil sample C which

does not respond appreciably to treatment with cement and asphalt-emulsion. It 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 higher amounts of cement or asphalt-emulsion as in soils A and

B.

6.2 RECOMMENDATIONS

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

recommendations are being made:

1. The use of asphalt-emulsion modified with cement as a soil -;improvement

technique should be encouraged.

11. The cement to asphalt-emulsion ratio to be used for the soils investigated i.e.

A-2-S, A-2-7 and A-7-6 soils should be 1:2, 2:2 and 2:6% respectively.

However, these need to be further investigated to ascertain their general

applicability.

111. It is recommended that delay in mixing time should be minimized in order to

achieve/obtain higher dry densities.

IV. The use of different asphalt-emulsion types with different soils should be

investigated to 'know the best emulsion for each soil type.

v. Further studies should be carried out on the effect of varying compactive efforts

on the properties of cement-modified asphalt-emulsion mixes.
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APPENDIX I

COST ANALYSIS OF TREATED SAMPLES

Based on a relative cost deduced from a market survey of Akure in Nov. '98 of ~ 12,000

per tonne at ~600/bag for cement and ~ 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 each treated was carried out as follows:

A. Sample A

l. Stabilization using 4 % cement ~

1 trip of laterite 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

Total 5,272.50

Profit 15 % of Total = 790.95

Grand Total 6,063.45

Rate 6063.45 ~ 1,300/tonne
5.2

ll. Stabilization using 4 % asphalt-Emulsion ~

1 trip of laterite = 1,300

4% emulsion (0.2 tonnes) 3,200
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Basic Cost =

Labour 20 % of basic cost = 900

Overhead 10% " " = 450

Taxes 10% " 11 " = 450

Others 2.5 % " " = 112.50

Total = 6,412.50

Profit 15 % of total = 96l.88

Grand total = 7,374.38

Rate 7,374.38
5.2

= N1,SOO/tonne

in. Using 2% Asphalt-emulsion with 1% cement

1 trip of laterite
1,300'___

2 % emulsion (0.1 tonnes) = 1,600

1% Cement (0.05 tonnes) =

Basic Cost = 3,500

Labour 20 % of basic cost = 700

Overhead 10% " " " = 350

Taxes 10% " 11 " = 350

Others 2.5%
11 11 " = 87.50

Total = 4,987.50

Profit 15% of total = 748.13

Grand Total = 5,735.63

Rate 5735.63
5.2

N1,200/tonne
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IV. Using 4 % asphalt-emulsion with1/2 % cement N

1 tip of latente 1,300

4% emulsion (0.2 tonnes) 3,200

V2 % cement (0.025 tonne) = 300

Basic cost 4,800

Labour 20 % of basic cost = 960

Overhead 10% = 480

Taxes 10% = 480

Others 2.5% 120

Total 6,840

Profit 15% of total 1,026
---...

Grand Total 7,866

Rate 7,866 = N 1,600/tonne
5.2

v. Using 2 % asphalt - emulsion with 2 % cement N

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 10% of basic cost 410

Taxes 10% of basic cost '410

Others 2.5% = 102.50
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Total = 5.822.50

Profit 15 % = 873.38

== 6~695.88

Rate = 6.695.88
5.2

N 1,300/tonne

VI. Using 8 % Asphalt - Emulsion with 112% cement

1 trip of laterite = 1,300

8 % emulsion (0.4 tonne) 6,400

0.5% cement (0.025) =

Basic cost

Labour 20 % of basic
1,600

Overhead 10%
= 800

800
Taxes

Others '2.5 %
200

= 11,400
Total

Profit 15 % Total = 1,710

Grand Total
13,110

13,110
5.2

= N2,550/tonne
Rate =

B. Sample B

1. Stabilization Using 6% cement

1 trip of laterite = 1,300

6% cement (0.3 tonne) =

103



Basic cost = 4,900

Labour 20 % of basic = 980

Overhead 10% 490

Taxes 10% = 490

Others 2.5% = 122.50

Total 6,982.50

Profit 15 % Total = 1,047.38

Grand Total 8,029.88

Rate 8,029.88 = ~ 1,5501 tonne
5.2

11. Stabilization using 6 % Asphalt - Emulsion ~

1 trip of laterite 1,300

6% emulsion (0.3 tonne) = 4,800

Basic Cost 6,100

Labour 20 % of basic cost 1,220

Overhead 10% basic cost 610

Taxes 10% basic cost 610

Others 2~5% = 152.50

Total = 8,692.50

Profit 15 % Total 1,303.88

Grand Total = 9,996.38

Rate = 9,996.38 = ~1,950/tonne
5.2
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Ill. Using 6% Asphalt-Emulsion with 0.5% cement N

1 trip of laterite = 1,300

60% Asphalt-Emusion (0.3 tone) = 4,800

0.5% cement = 300

Basic cost = 6,400

Labour 20 % of Basic = 1,280

Overhead 10% of Basic 640

Taxes 10% of Basic 640

Others 2.5 % of Basic = 320

Total 9,280

Profit 15 % = 1,392

Grand Total 10,672

Rate 10,672 N2, IOu/tonne
5.2

IV. Using 2 % Emulsion with 2 % cement N

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 820

Overhead 10% of Basic 410

Taxes 10% of Basic 410

Others 102.50
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·!

Total = 5,842.50

Profit 15% Total 876.38

Grand Total 6,718.88

Rate = 6,718.88 1,300/tonne
5.2

C. Sample C

1. Stabilization using 8 % cement W

1 trip of laterite 1,300

8% cement 4,800

Basic cost 6,100

Labour 20 % basic 1,220

Overhead 10% basic ,610

Taxes 10% basic = 610

Others 2.5 % basic = 152.50

Total = 8,692.50

Profit 15% Total 1,303.88

Ground Total 9,996.38

Rate = 9,996.38 W1,950/tonne
5.2

11. Stabilization using 8% Asphalt-Emulsion W

1 trip of laterite 1,300

8% Emulsion 6,400

Basic cost 7,700
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Labour 20 % basic = 1,540

Overhead 10% basic 770

Taxes 10% basic 770

Others 2.5 % basic 192.50

Total = 10,972.50.

Profit 15% Total 1,645.88

Ground Total = 12,618.38

Rate = 12,618.38
5.2

N2,5001tonne

Ill. Using 8 % Asphalt-Emulsion with 1% cement

1 trip of laterite 1,300

8% Emulsion 6,400

1% Cement

Basic cost 8,300

Labour 20 % basic 1,660

Overhead 10% basic 830

Taxes 10% basic 830

Others 2. ~ % basic 207.50

Total 11,827.50

Profit 15 % Total 1,774.13

Ground Total 13,601.63

Rate 13,601.63
5.2

N2,6501tonne
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IV. Using 6% Asphalt-Emulsion with 2 % cement

1 trip of laterite 1,300

6% Emulsion 4,800

2% Cement

Basic cost

Labour 20 % basic 1,460

Overhead 10% basic 730

Taxes 10% basic 730

Others 2.5 % basic 182.50

Total 10,402.50

Profit 15 % Total 1,560.38

Ground Total 11,962.88

Rate 11,962.88
5.2

W2,300/tonne

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 % WI ,200 per tonne of laterite, 2% asphalt-

emulsion with 2% cemeat for sample B at a cost of WI ,300 per tonne of laterite and 8%

cement at a cost of N 1,950 per tonne for sample C. It can be sen that some laterite soils

can be stabilized economically with a well-designed mixtures of asphalt-emulsion and

cement.
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APPENDIX II

LABORATORY DATAS FOR SAMPLEC

>-----"-
WI '1/01 Sam

MoldNc

•••••doL_ ••••' '_..,.- r~ ..•.. ~ - -' ..-- - -~
rES I [1/\ I A

----, 'To k.t:::; 3-e
-- -

R~~4h <;(l 4-1 ,.c; R[,C("Rplo • Ivlold 77-8"\ ·c'rS ",J.

1+-\ ~J-0 1+22.0 4-! h! 1+11.'t;-p.- "-
£+')0/,0 t.+4~2.b.-

~'5 L+c:R?.,moi..

---- -
2":;4-i '2?'Li'L l~<~7 '2 ~~:2.,S<l(n~~!,;

-"------"
I , Y;2- T,Wf I .. q b {,q G

--- "-

Ie; Ie;: I II TbIQ t r.;
----- .. .._.-...-._ ...•._-- .•..--.-~..-.

i')-;;, r:pi,; . Cunl III,c].J, W;-Cl. tW. '2 'C~«4 'U~l Ir~,g 113-3-
rJr;: Lf lrob r cf1)f 11A'5 Ic& I.}.- l(j~-L /lO·Li-le , con: Iv")' Ci
Cf·q cl ( (l IO,~ 11 v I 1,1:0,·5 10 ' :;/- f)Lr~ /-,-.,q

'Y7· '2- 37-" c -37-3 131.7 ~,,4- 1-n·2- 3,7v I R-7, z:--- II)}(',,__T-.?I" 0 71-,/ E£"i; 6{-rL. r::t-c. j i3v?-Ie 72--'3
rllen: (~.~ vi:« Jit-. if-- 6-0 IS-L.f- 15·2- lb· 2- U5/C n'~,
s urc")Contenl 0"0 1L0.S Ie:;- <') ! (;, 0 "7 'X._-----._--._.------

I 'C;q /-h4- ~ • ~C:j t ,,7]..

h C G P :;tJ-I; Q,;- oJ -....• - b ~ ~.-,
-;;- ~ "'\ ~ \J-

----.,-

----"-
WI dry sarno

WI WJiCr

f'
J.

"~~ 1 ~;. ~

:)

! ' :;c'

! .")C

w--
-

- I

V r-,
II f,\

I / ~

r-f,-e-~ 17
I r\

V 'i(.

~7 '. \I~-'--+--i--+b ,

If I!+r>--- >--
! / It--..-4 -

1

~- I
iO

I ~.br-•..... ., C e,IP- ei.o.fl Inl/Y' I~ ••.•---

~

h..
'.7 f!-' N

I .•...•.

ke' I
,

'";'

I <,

h5{'I

I ~h.
D

1 c: ". '-:2. Cf'
• D ---- l-,a,',ke": . _.... _. _, .. ' .. ,_ .. ,

j .•?- 0 alee
M, 0, 0 :. . . - .. , , ... , ... _..:,), - --

S O/D
~,B,R:".-,,' .. " •.... , .. --.-,.

14- IG

Moisture content %

:1g e- 1 Moisture ~ Density - CBR Relations

'109



~ Gle Cer~\~<t COY'-~t-
~Y-.l?!. ••'~~.~!lt:~flCt\:~mt:~f::-.J:'.:.~~,:..;:... •..""•.•.~,y.r~~. _''-''''~'-~'''I ••;;:til~iJi''CII'UwU~~~

~-r-~-rrfFr.+m- -~->-.-.- . -~

·..-~._. !-}..~-+---'-+...~--±t-r1-~-t- 0

I-T-PH I I-i I' .,-' . . '-r".--r-T"H·- I I
Mr-J_-"!--'r---r'l~t-l=r~·~-·-t-··,-J-·+-~--..· -.--- ..1-~-~'-r

· ,. II! !! 'I
ri-·+'·l-·T·'-··/'t·-j-r I I 1 t

);,1;;!--+-j+ j-- H- i--i->--+- ,-- --; i··· I I I I • , ' • L I • IV
; , ~ • iI, . t ~ _~ ~

11;;'1::',,/ mr···r...·-·T-rt-··T··-~·{..T· -1( ,- f--- - --~- - f-.

tL--r--+"-- ----+ -e---: i ' "f L ! .~..-+-t1-J.....- ..-.' ._.-h h I
! ! l r, iLi:::: ,..,.,v ~ IL .;:;;~"-i,v I' h l,,,

I --t~-T1ft -~
~i i <,

- ~ Ilo....

T ~ r-,
~.

-~-
r-,r -tj- _., •....-

.--.J~._ -A~_"O

. I G ,0 c/n
.M.C.; .•....•.....••......

/ ; b8.C1fce
. D.0: .•.............. J .....

L2 =:
. B. R~........•.......• , ....

ib

Moisture content %

Moisture - Density - eBB Relations

110



-
YCS"~

rr s r DAfA

Mold No t: 10 .r::; -:::z./
WI. Wet Sample + Mold KLH~ ~'2; <f; .?rl-~ R*,2,~ g-lj~cg
WI. of mold U-~Do LJ.-o I< t+ol D 1 .c"'LJ-2.-

-
L).II~.S< t+2,h 7- uu:')c- 11..: LLWt of wet sarnpto rt > '\ ~L.>~

volumo ot samp!o 2.30\ ·J..::~2-0 ") _-:2t::>b -Y::S1D
, wet denSity 1,,7 '1 i- xg- 1 ~-q2- t <;:g.

lii Cont No t= 2 2; t?O Ie; p., -p') (-=-r-

Wt We: Sample • Cont \0r 2- I (t4 '.8' I?J ,:i- p.l r8' 111~~x 11R'.;bIII$)~ 111012.
WI. dry sample + cont 107 Ic:q /3 IIV.,2, 110·2-1\ 67:1- \cb·7 \(:(-:>0'2 f071£-
Wt water fe,2- le'S Ii" t;' II-r H' b IH'4 12.1 -::r '\2:6
Wl.cont 3{:;.,C; 1"'2)].-0 -;1<7 r~I'8 1~7,,1 ?b.0 3}/2.. "2,7.-C;
Wt dry samole =I-f). : '77! '3 7~') lJl,r.U- ho,( 1m •.~ Cd{ ,,0 170/·h
Moisture content °/0 ,+ ,s Ii.f-<S LS,,:l H..:: • q Ilb~5[bIt;' n3"tt t~,tO
Average morsture content % \t+,r) IS·, S? I r. c- C; n -2-

,

I Sk.;, J .~ b -.i_ I "~t:; !' hDDry density \

SoA-l::-El) CB~ l4-~\ 'tIn - 2'6 40 1 c.

0

'- -- .-- ---- - V F= t--. I--
V- r----.

t<,.>

V ;...,C .f2 c. (~d ~ ~ ~
ir', --- }I

v 1/ 9~ r-,r-,
......v V "J-.,.

V N~ -,
!/ r-,

""" :'J....-,
I {~~

<,

I D

b

lb. S o/-t7
.M.C. = ••••.••••••••• , •••••

,(> 65 C\ lee
M. D. D·: ••.. l ..••...... 'J.....

?:
'iii
c
C1>

~ I:bu
o

40 Of
.B.R: ...........•..... ,J:).,

I '-"t IL-' /

1'.1 Ib

Moisture content %
Tested by, _

Fig ••3 : Moisture - Density - eBB Relations
Sign. _

111

•



I
I

I

Fig.4- . 140isture - Density - CBRRelations

112

•



v

Fig ••5 . Moisture - Derisity - CBR Relations

113

--



113

, ~.

l 61 ~!___--:-' ~J--+----
15 ,t:Wd:::·i l'2-2·~ I

:1J.2~~~HO,D1 r----
L. 112,y.. ~2.,~I

, l37" l.. 3'''S;~~1fI- b 17.1--5
~L.I17"S i"l II

! -1, .t: --
~! ~-+-- .: 1:... i
_, ••••••• ~_IIIf~~ - ~

Moisture - Density - CBR Relations

114



(
,....

!~.,

1\--S?;~t: -=-'~s.,,~ ~~t
,J •••••• :- •••••• -'".';"Vo· •• __ ..••.~wr:: .••__ ••• r.._~"",_~",", ----~ .•.~. -----"". •••••••••.••_1:w.t_•• _. ----.--.-i

; r 1..; i ;;.:, __,

~-L--~ qo l.
i~'2$S-, R~bS

~.( ,IS . 4-1 '":/X I

4-3/ '~ , 42.-2>1
?--~L'1

I

'2.c"322"
t r <6-0 117~~--'-,--' .f)

~

'7, '"L LJ-.I--_.
l~'{, l'2D,(" l·~.l 12t?.s-
),<;·'7 101, \ III, I \1J'f5 ,8- -i
o.q ii,S- l')...'~ 12,ui . I

•..r z, '3./. G:, 37, b 54 ~OT--I-,
~~~'::l~ .<cI (~- ~
(:?:~ ((:,. ll.ll,7...J l7, l..-

(G:::> /C/ [(rL-
~.------ ---_.-::..--_.

, l (" b ,Ct-o
O.M.C. : •.•...•••••• " ••••••

I • 06~lCL
M..O. D,: •••...•••••..••••..•••

: I

Tcstecl [)Y. ,_

Fig'; 7 . Moisture - Density - CBRRelations
Sinn, _

115



,/1/'-

---!

bOLa. .As,?\'~1t -~fY'vv-.ls~V\
.1( •••O:""'"'lI..,~.,o4'~. ""' •••• - ••..•••,.,.-- •••. , ,_1. ,·, •• ",: ••.••.. _ •..•... 1, •..:>-_•• ,"'" •.•. ~.~, ••.•y.zlo"••• _._ •••••.•.Y'.•••••..••••~.__ ~_ •• ...,.~••••••••~'1_ •..,..,...""'••••._~""_.--..:_~ __ , • ••_. __ ••••••__._.M"'"e·•••• · "'4~

.' ~~.-, : ;'

:.~~~~.,~.:.~;:.:,;~:.~.~.-~.~.;.-..~,:-~~.'•.·:'·~··-·~,----·--1~-~~~:~=j-~·:~~~§F=,+~~~~2;--~--B;~='·-----'-----·-i
H
r----:1

L-:::''';·~·~~~~,,::;~~·.-.::'-."~---. -n----_- __.l2.l~~jJ~L·~Lt~~)I~~1'1 ,t'23, \m:<~' ;7 12.3,,++ __ -+--..
i.~~:__·:"':,:_~,~::~ .: . :IID.~_~iUL::S:~lU/l;).~-Q~-lVU'l illo ,.ct II/ ,0 110 If
L~~_~''::~ -'. . . lLQ~~J~.:~i{O_:~Jl::.'- ,JlrO Ha7 Cl.~7 t· r~

;_:V.i':~~'·.__~ ..._"."_. __ . .. ~r 0 ,.~ ~--t3a:-:-?J~-~-..l-J~>-'"T'?::.'7 ( ·~L.~r.....:.b:.._4_-~--~
t- ~~\:/. ;;~:)I~)_.-:--- •.--- .__._. ~,?:L~,tI~~tz.~_tW:J:+--<0.U~~ .~{/ 2. .-0
:-:~ ..:~::__~~'~.:::.~rc·; ._7--_.---J(r±-,_.LLL4.J 115·D JJ.~~_L\-(9:_4- l(:' ~o.{7, 4-l~;....;r2.=+-_--L-_-f
;__~~::'JY''l~r~~'!.;::~~~::.;~.~...-.-----.--1-.-1~-L·-r-\E-'-k--j---[~L 11-'
j __ ~r.y_c.~-":, •.__.. --- .... -------.---.-nJ-- ...L~~____l..:...--G.SsI__ ~_" l·r~_----1f__--__fi

;.~~.~~~~!2~_,2:±~~,loL~_._-=- __.j_,_6..£_."'.1 ~~. _~~.~ _

lb~2. °10
O.M.C.: ..•........•••.••...

.Fig. 9 " Moisture - Density - CBR Relations

116

•



1/

~

TESr DM!,
!

Mold No ~l Li-~ bLt- J
WI. Wet Sample + Mold lb~ %USI ~g--b -,~0S
WI. of mold L+oSo u-oG I W-O"-"b Ll-olf-b

.-,..
4DCfb IWt of wet samplo 3&>6'1 4--0So ~g-'2S

, ~. .-
volumo 01 sarnpl« '2-~l~ ~?;, iu, '2-'3> \~ .2bl~-~- wet denSity 1,51 \ '"71 ubI l,65 i

-'"
Coni No '11(2., L"""t: -P too S% L %2C &""0 'j}

-----
WI. We: Sample + Cont l\~'l H~-~ I'Ll5 nl'S 1\01, \ Hb.?:' 11'1,b (oS' •."-
WI. dry sample + coni (dS,[ (06 l(o~\ tCJQo~ Qb,$ 1c:4--.~06·7 q4-,q
Wt· water 10,4- Cl.<15 0.4- 10,,/ tn.b 1\ ._t;' IrlJ9 (o.b
Wl.cont ~\.~ ?:.l.D Bb/~ 3l•.% 36..D3f" l &:,v1. 35-~
Wt dry sample '"1'7, If 74-,0 -P~c%81·'0 b~,,5f5s~11701$ S9-1
Moisture content °/0 ii>,4- I'?:>.'- 15'5 lS":.s lQ,./ (~.-, e~)·~(<2.-0

Average moisture content % i'~ ,-~ is- S (b-, (~~ I
Dry density i,'~1 1,5"2:> I ..Cf.-6 I , 4-0

So A Ii. £.h C I?,1L 2LH+RSOft) -=-- btJ 9:0 l!::tJ

-- -- - _._-. - ~ ~- r-,
. / <,

V ",,-
V <,

/
"""

/
<,

'<,

/ ":v .
V I -,/rt--

i).)
<,

// r~ I'-.....

Cj ~
.....•• r-,

,/ ~ "~rl
\.. ~

.- "

L ot. (00 1/
lOO. B. R:., , ..•..• , , , •.•. .L Po ..

. 1'5, }ofu
O.M.C. =.""""""" ", ••

J6D
M..D. D=., , .. ,( ,', $..?jJ~

. t71-6 1(;IS

Moisture content %
" .••. ~.

Moisture - Density - CBR Relations

117



Mold SiLP. ------ -- _._---

:2 CLo As?~\Jic ~ ~,,\ S lDY\ 0Q -~ rob ~ CD~b-
.~. . ...- .••• OJ' I'. -_ •.••• -,. ~·.·_.,.,.~.~n"'..:.;-· ~~.·'·•...··...••.•..•.•._~,,_ .. ~.~_~""!P'>''''~'' ••.••••.,a- ,_., ...•.._.4'........:....-- •.-.. ~-~

,
.~-..--~-t. - -. ~ .-
~E~-LB1~-~----
~?P~r' 7"'22_~
-1' .\ ~..kS
4JJ\£:8-' j (b 'fD, --.
'~'12-_:l Jl~~~J'E-.uQPf iI), L!- \07 ,2 \IV' ll- I
L~-.Jl.~ l't,·, 12..·3

_.-! __,.~ -\:5l -[ 'S] I ~

2.,<0. -0 -s <Cfl~>-13~0
-~~t-t& 1:~nb,q-1Gr q
._-__.L__ '-r;

16..DI b ..j

~~l~1
. )", L~.

is ~'2-. ole' ·
a.M.C. :. ••••..•.••••••••••••

'I
• -.1

M ~.'. (i: .••.. .l. ~.@..JJ~~;l

Tested by._

Fig. JD • Moisture - Density - CER RelationS

118



Li-clc -A:3,?h~~t.-~v{s.\t:5V\ ; ~ -ctA:l
;",< ..",~-:.:.,._-~_ .•••.•• ,. • ''','' OU..->" •••· t.•.".,....A ••.'·',..••. oa:-,,' •••••. ,·:,,~ ••• ~, ( ••...:J.~l$Ij:l:.r.:.:~·,....u.'r; .• ,••.•\ "',1>1', :'''-'' __ ' ,.~, •••.••.~, •.,', .•• , "~'';,'' ~~._ .•••...••.• "'~_., •••..•.....- ••• _.,-. __ ~_U_~.."...,._.Idlifl' ""..-:-""'----'"'1

:1 (,[ [1:.: .:

o _ lG~2> °[,0
'.. M.C. : ..•....•....••.•••• ,

.':'

Fig',11 . Moisture - Density CBR Relations

119



.,
1

,1-'1". •.•.

O.M.C. z .• / (~ :: .. ~ .. ~~ •.

Fig •.. 12 Moisture - Density - CBR Relations

120



._---- .--...~-----

; r ~-~i ! ),\ I r.

...LL. ,,~ z::-i
. -,

'113.- (.. 1\ R- '-fl r

... .-.t.

, I t I '
:~'l.~i)~,<'D

-~ ?:,b ,'-1
lTI:...t; U7 ( ~
17. I 1'7 r't

IF:'L=' 1-.2:._ -

M.D. 0: •... , .. .1..'.. ?:f.J/~

SO "VJ
O::f B. R: , , •.••••••• ·CO.

Iv\oisture content ~,~

Fig. 13 • Moisture - Density - CBR Relations
. .. J

121



/2 I

,~-! I" ~ ~-:-~f-'ki--<;g-rJ-~+-_.-

:;~~"i~:iJl)_;";'\'L':' ,t I !
I .4 iZ& id:;,:<llID. j

~}Q.: ~ I0-<S (2.r- <-I

_. 3-.Zc~L 37 ..D
o~ro 17sr 1
i is! nr4- Dr£,

J.~»> ~ j if'S- ,

I., b-cl I I .•~~-
! J_'+_L_I

Tested by _
Fi' 14- ', g •. Moisture - Density - CBR Relations

122



Moisture - Density - CBR Relations

123



'.

I
I

124

•



Mold Size ._-----_ _--

--.,

i., "

¥L!...:IY-~_++_...J.L.::...L_l--+--_i .-'..

I._~"

I

I i

~

125



, .".

'v •.

....•..

TC~;:0d 1:\' .... c.

126



/
C' 127



27

, 'f,;
:' ';J

I ;

)

I

I
I

1'/tJflrdf.
i
.! .' .. , ;vi<::~.:~':;i~t:: _, _", -_._.

G °Ctu ,AS~"'-9vlt- ~vYVv\.ls \7\)~ : ~2"l«CQ.;~6rvt C.Ont~t

[;;~-::··~~::~:-:-;:-;~<;~;~~~~=D~-:-L~~"~~~:~jf;;~i~·-~·rl-=~~:~;~-~:-;~~·:~l
: \", \ I,', J'''",_", ' ',VJ'<' ,:, i . ~ . . '6 l'i I

~_..:~~~~_~.~,~.::'~: .'._._ ..',_" _.'.__..__.fll1_<~:!H~_!&:;/(G,;.~.\J(~-:~JI~~_~!:t~2,~~:L~,:~iJ9~t~1_1 '_'_' __!_ ------.-- ..!

t:~'~~="='·~·==-:-:=:~='-~:~i~~~f~:~1~~~T~:J~1~~~:;~~~==+~~-j
t~iI~(:,~(.'~p:~'_.. .._,_...;,_._._'."""..!~lJ!.S.I~_1~SlG%.I_~']Q'':L,I:7~·~1,.·fI~~.L,,~(~q-pq.!Sl----·-'"J---------.J

l--~S;~::;",;:-:~;;;~';-···-••=-.··-•• =••·::i!~l~I;~I-ilJ:f·~·~t{··i!60!:i~tj!~~~''fi:==~==~~
1;;;~~~~i.•~~~.=~~I~~_~~:~t_~~:_I--l_QQ_J~=~1~~.]~~:~~~~:==.

I,'

. ':

:,'.'.',

128



j" ."_]i;,_~t'?_~~.~?.\"2!,:__L_""_.":: ..:2;;;-.~1:g..-.,£:~._<;:}~j;L~ .>::l~-t::,.·'1
I ',' : '(' . " !
I I

-----~.-.. _. --_.
',.:.

" .. ,-

...... '-.

,-- ....-
r v.. ':, .: . 'I ' . " I 'l-l ' I"?""""" ":~" " : ~ 16J ..W.Jt> .•..~It')".:?:. r.u·lfJ'21.. •. J'-~":l?!L ..~ ..Q.:l,.8.: .._ L , .1.
I \.','I.,j;y'~"":;:.i·.:'·'; ~of. ·;t"c::, ·tC· ":'1 o\,,..,r', Ij....a·1 i \
." 'v;';--,~:,~~ . ' ·· ··il"cdtr ·~ .. (f'~i'; ':'(;':'li1°'I~:i'!~;{f':i~"~\""""'''r''''''''''"I
;-"v;,:"';:;;-'" - - ····..L;~'~..:_o ..~~ :UQ'%:"~~~..··';:;.~.'·~·13·{"'i;":/3'~~1:S~+"'''''''''''i..· ·..f
r -yi\·~~·;:;~,;~);,' .'"."..-..,. -.-. ~.:p~:'d"l ..b.L '..' ..~ 1....., L!~. - ·:U .'.P...:~L'..-.,:' !..L--- + - *

l
i - -..-......... . - 1~4fS:~:'K·fGS!.l !~ll.hJ .::l~.4·CjI:..f.~f.Lli.'JP.(:~!12.:.'..1..:- ..- - ..-1- [

!.\'):':'.:C' C<: ::,::,:' . ~ , ,- 15 , '~ I r" ;. _. . --j.l~~4.t-'J~:19~> ~, " I~J ..}j ..",tilR<]JJ~· -l··-..· .- 1.
I '\';"':''/'"'''''.''''' "":'J.d.:": ; : , -: .. , . i l::;, : ,5. I t, , .. ILI-5, 1.5'2> ... 1.6, "'I .. .L~"·-·-l-·-"·"·""---""·-"·

~;~_~~:~i;.:~-_~t=_l'~~~:I__~{~_?~:.•..·t~t_j_~~~)~--~.-:-~~~j

129


