Chapter II

LITERATURE REVIEW

1. Asphalt Emulsion Stabilization

The use of asphalt as a soil st=bilizing agent
has been cuite extensive and is one of the older soil stabilizing
method, It is useful for soil stabilization because of the cementing
and waterproofins gualities. The cementin: properiy i generally
considered to be most effective in providing increased stability in
non-cohesive or very slightly cohesive rranular soils, such as gravels
and sands. The waterproofing property is utilized to greatest advantage
in the more cohesive svoils or soil-aggregate mixtures. Waterproofing
assists in the the preservation of the matural stability which these
soils have in = dry and well-compacted condition. Two types of
asphalts, at normal er slightly elevated femperatures, are suitable

for mixing with soil; these are the cutbacks and the emulsions,
In ecutbacks, the viscosity ef the asphalt cement is lowered by the

use of a solwvent such as naphtha, kzroscnz or fuel eil. In the usual
emulsions, asphalt cement is reduced to colloidal size dropl:=ts «nd

dispersed in water (8).



1.1 The Advant_ges of Asphalt Tmulsion

\sphalt emulsions are widely used because
they offer many advantages over cutback asph:lts and paving grade
asphalts. They can be used directly with damp or wet aggregates
whereas, other types of asphalts are not suit.ble because poor coating
and adhesion results unless the aggregite is thoroughly dry. Cutback
and paving asphalts can be treated with zdditives in order to promote
their adhesion to damp or wet aggregates, but this is usually expensive
and often not truly effective. Aisphalt cmulcions are safer to use
than cutback asphalts since they do not, 25 2 rule, contain =olvents
nor do they have to be heated to extremely high temperatures as do |
paving asphalts. Asphalt emulsions possess - further advantange over
cutback asphalt since mixes made with thei: develop cohesion in the
field much more rapidly and thus are able to resist damage by traffic
earlier. Another advantage of this type of &sphalt for utlizing in
the field of soil stabilization is that only simple mixing and
spreading equipment are required. Speci-l ecuipment is not needed
to dry the aggregate nor is equipment needed to heat the emulsion,
as is usually reguired with other asvhalt products (3).

l.2 Theory of Asphalt Emulsions

in emulsion is a two-phase system consisting of two
immiscible lijuids, one of which is disperccd in the other in the
form of very fine droplets. Where the dispeirsed, or internal,

phase is an oil and the continuous phase is water, then the emulsion



is known as the oil-in-water type. The reversal occurs when the

water is the internal phase and oil is the continuous phase, the
emulsion is of the water-in-oil type. But the system is unstable,

that is the internal phase will coalesce, unless an emulsifyin; agent
(emulsifier) is present in the system. /ith the presence of emulsifier,
an adsorbed film of the emulsifier is forme? round each globule in

the emulsion, this film acting as a protective coating which affords

a considerable resistance to coalescence of the globules (3,15).

1,2 Types of Asphalt Emulsion

\sphalt Emulsiens may be éevided (according to the types
of emulsifiers) into four main groups of which the first two are by
for the most important :

(a) ‘nionic emulsions.

(b) Cationic emulsions.

(c) Nonionic emulsions.

(d) Colloidal emulsions.

Since nonionic emulsions and colloidal emulsions are
of very limited use in highway constructions (3), the further
discussion will be made only on anionic =2nd cstionic emulsions.

The emulsions which have the negative charwe on the emulsified

asphalt droplets are defined as anionic emulsions. Cationic emulsions,
conversely, are those which have the positive charge on the emulsified
asphalt droplets (3,15). Cationic emulsiors nossessesmany advantioges
over anionic emulsions. They can be used with nearly all types of

aggregates; on the other hand, the anionic emulsions, though sui:c ble



for use with limestone and similar aggregates, are difficult to use

with silicious aggregates. Cationic emulsicns extend the paving

season for they can be used in cool weather, especially in the spring,
and are not as easily damaged by sudden shovers as are anionic emulsions
because the cationic emulsifiers are natural adhesion agents for asphalt-
aggregate systems (2,10,21),

1.4 RElectrochemical Property of iggregates

Tt is commonly accepted that the electrochemical property
of the agvregate determines whether good adhesion will be obtained
with liquid asphalts and asphalt emulsions. This important property
is the nature of the électrical surface t::t the aggregate posseises
when it is in contact with water. By this ccndition, the aggregates
may be classified into two greups (3). Thaose which bear the nepative
surface charge in the presence of water are “nown as electronegative
aggregates. Silicious aggregates, including silty sand and beach
sand, are examples of this type of aggregates. On the other hand,
some types of aggregate (such as limestone and other calcareous
materials), which bear positive charge on the aggregate surface are
defined as electropositive aggregates. However, in most aggregates,
both types of charges are present. These ag;regates not only contain
silicon which will permit a surface to have some negative chorges,
but also contain czlcium, magnesium, zluminum or iron, which will
permit the surface to have positive charges;

1.5 Mechanism of Emulsion-igzrezate System

Thether a given asphalt emulsion-aggregate combination



will results in a mix that is well coated =nd has good adhesion is
determined to a great extent by the ch2r ¢ on the emulsified asphalt
droplet on the one hand and the aggresatc on the other (10). Thus,
if the charges are different, one may cxvect good coating and adhesion,
but, if they ars similar, the prospects of obtaining a good aspvhalt=-
aggregate bond are considerably poorer. Dy this coucept, successiful
results could be obtained when anionic emulsions were used witi ihe
electropositive aggregates, such as many ol the limestones., In these
instances, the difference in surface charsze between the emulsified
asphalt droplet and the aggregate surfice will promote cohesion
(Figure 1 a). In this system, the anionic emulsifier functions as

a "bridge' between the asphalt and the agspregates On the other hand,
anionic emulsions sometimes could not be used with eletronegative
aggregates, such as silica and quartz, because the charges on the
emulsified asphalt droplet and the aggregate particle were similar,
The asphalt and aggregate surfaces repelled cach other, and, thus
good coating and adhesion were difficult to obtain,

According to Mertens and "right (10), good adhesion between
the electronegative zggregates and an emulsified asphalt became
feasible when cationic emulsifiers became cvailable. These emulsifiers,
because of the positive charge they plice oo the emulsified isphalt
droplet, are attracted to the surface of the clectronegative .ggregate
as shown in Figure 1 b. As the emulsifier is being drawn
to the surface of the aggregate, the nonpolar tail of the
emulsifier pulls the asphalt to the surfszce too. Consequently, the

the cationic emulsifier functions as the 'bridge" or bonding =gent,
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Figure la, Action of Anionic Asphalt Emulsion upon
Calcareous Aggregates (10).
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just as the anionic emulsifi.r serves the zaue purpose in the anionic
emulsion-electropositive aggregatc systom,

1.6 Effect of Emulsion on Shear “ircnzth of Stabilized Sand

Because the shear strength of sond is due entirely to

its frictional properties, its strength is = function of its porosity
and the confining stresses to which it is subiected. The addition
of bitumen as a binder has the effect of /iving unconfined sand some
cohesive strength; but, in general, it azlso reduces the angle of
shearing resistance. Different proportions of bitumen in sand will
result in varying values of cohesion and anrles of shearing resistance,
but it is important to realize that the strength exhibited by stabilized
sand may also be influenced by numerous variables, both natural and
manmade. For a given sand, stabilized ith o particular percentage
weight of emulsion, the strength actually ucasured can vary significantly
with type of test used to measure strength; rate of loading; efficiency
of mixing; density to which the material is conpacted; moisture content;
confining stresses to which the specimen is subjected; temperature at
which it is mixed, cured, and tested; :1d are of the specimen, Because
mixes containing different emulsion contonis have their strensth
changed by different amounts of these varinhles, the optaimum eumulsion
content for one set of conditions is gencrally different from that
for another sct of conditions.,

Dunn and Salem (4) reported that suall percentage of bitiien
impart cohesive strength without preventing contacts being formed

between sand grains, which are necessary to mobilize frictional resistance.,
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As the proportion of bitumen is increased, the effects are (a) to
improve particle coating and increase the ares of bitumen that has

te be sheared and (b) to increase the VMY and, therefore, reduce the
degree of particle interlock and the shearing resistance normally
mobilized in dilating the sand. When the bitumen content exceeds the
obtimum for that set of conditions, the bitumen will tend to act as

a lubricant separating the sand particles. Lees (9) has found that

the angle of shearinz resistance fell linearly with bitumen content,

2. Lime=Lmulsion Stsbilizatien

As it is found taat stabilization by usin+ asphalt alone does not
much improve strength, the process of emnloying emulsion with lime
as stabilizers have been developed., By so doin-, the properties
intermediate between those of soil-emulsion :nd soil-lime cin be
obtained. Thus, the material finally produced will possess some
rigidity and be fairly waterpreof., The literature indicates thot
this type of stabilization may prove to be ' economical and effective
method of ungrading certain fine-graded mitevials that do not react
with lime, reqnir: large quantitiee of cement, or cannot be blended
readily with bituminous materials (16).

Before making any other discussions about this type of stabilization,

some attention should be firstly paid to such case of soil-lime mixture.

2.1 Lime Stabilization

Lime is relatively inexpensive and can often be used to praduce

both a chemical change and a cementing action that will improve the soils.
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Lime-seil mixtures are soils that had their physical characteristies
changed and/or the soil grains cemented together by action of lime

with the aid of water.

2¢1.1 Mechanisms of Soil=lime Stabilization When lime is

added to a moist soil, several types of chenical reactions will tzke
place. Some of these reactions have been idecntified and are understood
to a certtin extent. The mest important of these reactions for
stabilization seem to fall into three general categories (5).

(a) Ton Exchange and Flocculation - Yhen mixed with 2 moist

soilj lime will dissociate into Ca'* (or ¥3™) and (OH) eAs 1 result, two
processes will take pluge.One, known as a base-exchange reaction, occurs
with Ca™ ions of the lime replacing the sculrer metallic ioms, such

as sodium and hydrogen, on the surface of th. clay particles. lnother
process is the crowding eof excess Ca'‘tions of the lime onto the

surface of the clay. Beth processes materi:lly change the number of
electrical charges on the surface of clay porticles. As this chemical
reaction between the lime and the soil takes plnce, the soil becomes more

friable and the plasticity is lowered,

(b) Pozzolanic reaction = This reaction of lime and soil
will produce 2 cementing actioﬁ between the soil particles. The
aluminous 2nd silicious minerals in the soil react with the lime to
produce 2 gel of calcium silicates and aluminates that tends to cement
the seoil pnrticles in a manner similar to tnat produced by the hydration

of Portland cecment.
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(e) Carbonatioﬁ - This reaction is a reversal of the
lime - processiug process. The calcium hydroxide lime reacts with
carbon dioxide (COp) absorbed from the air to form calcium carbonate.
Not only do these carbonates form weak ceucnts but they also deter
pozzolanic reaction and prevent normal streungth development,

2.1.2 Effects of lime on soil It is generalliy aggreed that

lime influences the following physical char-cteristics of a soil :
grain size distribution, soil plasticity, volums change, field moisture
equivalent, soil pressure compaction ani ontluum meisture content,
strength and durability (5). Only some of these physical chamges

are discucsed herein,

(1) Arain size distribution - [ ¢n lime is added to a

fine-grained soil, the change in grain sizc distribution will take
place. Through the process of agglomsration or flocculation of cluy
particles, 2 cotser and more friable scil is produced.

(b) Soil Plasticity = Another noticenable phenomenon that

is meationed in nlmost every article on lime st-bilization is the
ability of the lime to change the plasticity of the soil. The plastic
limit of <« s0il is normally increased as =dditional 2mounts of lime
are added to the scil. 1In the case of lijuid limit, nithough the
decrease iu thu liguid limit with increased -wiount of 1ime is usual,
but it does not occurs in all soil. 1Ia sore soil distinct increase

in the liquid is produced by adding lime. Resordless of whether the
liquid limit decreases orincreases, the incre-se in plastic limit is

such that the plistic index is usually reduced with the addition of
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small amounts of lime,

(¢) Volume Change = As lime is :dded to a seil the v lume

change., tends to be reduced. As the lime content in the soil increases,
the shrinkzge limit increases and the shrinksge ratio decrezscs. The
shrinkage limit :nd the plasticity index of =2 soil appear to be related.
As the plasticity index tends to drop when the lime content increnses,
the shrinkage increases; and where there is little further change in
the plasticity index there is little ch:nge in the shrinkage limit.

(d) Compaction =nd Optimum Moisture Content = when Compncted

with the same efiort, a soil-lime mixture h .3 lower standard ALASHO T99
density taan the ori-~inal soil without Llime, ~ud as the lime content
increases, the deunsity tends to decrease szven more, The decrease in
unit weight is small and average about 2.7 percent for most scils, 1In
the case of optimum moisture content, as limc is added to a soil the
optimum moisturc content tends to inere¢ise. Usually the initizl
increase in moisture content is rather sinificant even when small
amounts of lime are used. Once the large initizl increase in optimum
moisture content takes place, additional liuc produces only a slight
increasc in the optimum moisture content.

(e) Strength - In general, lime iacreses the streangth of
almost all types of soil, but the amount of stirength increase depending
on many factors, such as lime content, type of lime, density and the
time and type of curing. Unlike many soil stabilizers, there appears
to be no optimum lime content that will produce a maximum strength in

a lime=-stabilized soil under all conditions., Some data, however, have
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been presented that indicate the relationshin between the strength and
the lime content in the soil te be such th:il arn optimum lime content
does exist. Such data were usually obtaiced for only one particular

of curing time. If a different curing time was used a different optimum
lime content would be indicated. Lime - st:hilized soils incre=se in
strength with 2ge in 2 manner similar to Fortl-nd cement concreate,
Usually, there is a2 rapid increase in strensth of these mixtures zt the
beginning period, but as the curing progresses the rate of increzse in
strength becomas less and less.

2.2 Mechanisms of Soil-Lime-Emulsion 3t-ohilizatien

The mechanisms of lime-~emulsiou st bilization may be divided
inte two phases:l) the conditioning phase that results when the soil
is treated with lime and 2) the waterproofing phase that eccurs when
soil=lime mixturc is mixed with emulsion (16).

In the conditioning phase, 1 smill jercentage of lime (1-4%)
is added and thoroughly mixed with the soil. ‘s previously reviewed,
the mechanisms of soil-lime stabilization rc composed of threc important
processes : 1) exchanzge and flocculation, 2) pozzolanic reaction, and
3) carbonation., The changes in physical promerties that take place
through these processes of seil-lime stibilization have been alrexdy
discussed in the previous section, ’ 008449

The mechanism involved in watcroroofing phase ig the s me as
in soil-emulsion stabilization. Emulsion is mixed with the soil-lime
mixture to preserve the compaction water content in order to ret-in

natural compacted stability and prevent moisture content fluctuations
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which ¢an cause high .valume ¢hanges in fine-grained seil.

2.3 Engineering Propertics of Soil-Lime-Emulsion

* review of lime=bitumen combination stabilization
indicates that with increased lime content 't 2 constant bitumecn
content, the stability should increase and the percent swell and water
absorption should decrezse. When lime is added to a plastic soil, the
seil becomes silty in texture, mere work ble, but the compacted soil
also becomes more permeable. The bituminous anterial is added for
the purpose of waterproofing the soil-lime nixture and also decrcasing
its permeability. It is therefore possible, th:t a highly plastic soil,
if properl& blended with only bitumen could Le more impermeable and
less susceptible to the adverse effects of w:tcr than the sand soil
treated with a low percentage of lime 2n¢ ii:. same percentage of bitumen.
The lime treatment may increase the perme:ility but yet not improve the
workability to the cxtent that the bitumen c.n be properly blended
to make the compacted soil reasonably imperreable (16).

Puzinauskas and Kallas (12) reported that the. Maryland
s0il with 4 percent lime treatment would have nbout the same soaked
strength as the with 2 combination of 4 percent lime and 5 percent
asphalt treatment, This may be concluded bt asphalt did nothing
to incrense stability of soil-lime mixture, However, the asphalt-
lime combination was found to be more dur ble -nd less susceptible
to water absorption than the lime-treated mixture, Robnett and
Thomsen (16) reviewed that the trends of stronsth and durability of

soil=lime mixtures treated with cutbacks or emiulsions are similar to
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bitumen-treated soil mixtures.

3. Cement-fmulsion Stabilization

The process of employing bituminous cmulsion in eonjunetion with cement
as stabilizers have been developed in Britain (18). The emulsion,
which was specizlly developed for the purpose, will remain stable for
a short time when mixed with fine-grained soils thus promoting good
dispersion of the bituminous phase throughout the soil. The cement
that is added subseguently: (a) causes the cuulsion to break, (b)
absorbs some of the resulting free meisture, nd (c¢) give added strength
to the processed -nd compacted soil when it h=s hardened. The proportions
of admixtures generzlly regquired are 5 to 712 percent emulsion and 3 to
5 percent cement. The final emulsion is said to possess properties

intermediate between those of soil cement nd true soil-bitumen,

3.1 lMechanisms of Soil-Cement-Smulsion “t=biliaation

In the soil-cement-emulsion systen, since cement is added
later to the soil-emulsion mixture, the e¢ffcctive action of cement
with silica and/or alumina will be partiaily prevented by the coating
of emulsion. Unfortunately, there has becn . few limited literatures
coneerning soil=-cement=emulsion stabilization, some of them had not
been discussed clearly and lacked data to supvort their idea, The
mechanisms of soil-cement~emulsion may be expected to be divided into
two phases. ‘Waterproofing phase occurs after the soil is trecated with

emulsion., This is as same as in soil-emulsion stabilization. ‘/hen
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cement is added to soil~emulsion mixture, the reaction between cement
and soil particles (which were partially coated with emulsion) will take
place. This is known as cementation rhase. The primary process of
this phase is the hydration ef cement, which calcium silicate hydrates
and/or cakcium aluminate hydrales are foricd and the hydrated lime is
released. In the secondary process, the reaction between calcum ions
frem therelensed hydrated lime and soil particles will produce additional
cementitous compounds (6). The reactions occured in the cementation
phase are similar to these which take place when a soil is treanted
with cement. The reaction in a soil-cement wixture can be expressed
in a simplified form as the feollowing (11) :

Cement + Hp0 ———— CSH* or CiH* + Ca(OH),

Ca(OH) e pa T ¥ 2 (OH)™

Ca™™ +2(08)7 + si0,  (Soil Silica) —> CSH

+ Alp 03 (Soil iluminz) ——s» CAH

3.2 Effects of Cement en Soil Froperties

3.2.1 Soil Plasticity +7hen cenent is zdded to a plastic

—~ soil, its platic properties will be reduced (7). Normally, cement
changes the plasticity by increasing the plastic limit and thus reducing
the range within the material is plastic. Cement may also change
the liquid limit, but to a lesser degree., In thc fine-grained silty
and clayey soils, the cement, on hydration, Jevelops strong linkages

among and between the mineral aggregates and the soil aggregates to

-

|- X iaks S
* CSH : Calcium Silicate Hydrates
Y CAH : Calcium Aluminate Hydrates
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form a matrix that is effective in fixing the particles so they can
no longer slide over each other. Thus the cement not only destroys
the plasticity but clso provides increase:l shear strength. The surfoce
chemical effect of the cement reduces the water affinity and thus the

water holding capacity of the clayey soil.

3+.2.2 Volume Changes Admixing ceizent to cohesive soils

reduces shrinksge because the cement matrix terds to restrain the
movement of the soil. For noncohesive 7r-aular soils that in them-
sevlves exhibit little or ne shrinkage, 2dnixinz cement results in
small shrink, which is related to cohesica .ssocinted with the cuien-
ting action. Thus cement-treated mixturc ude with sand exhibit some
slight shinkage and cracking. Increasing the cement content decrenses
the total shinkage of cement-=treated mixturcs made from soils that
exhibit volumc change without cement (7).

5.2+.3 Compaction and Optimum Moisturec Content. When cement

is added to sands 2and sandy soils, the diensity tends to increoascs
Little or no change takes place for the light to medium clays.
Decreases in density may occur in silts. Cemcnt usually decreases
optimum moisture content of clays, but for s.nds and sandy soils,
little or no changc occurs. The optimum moisture content of ccmunte-
treated mixture made with silts tends to iaccease,

3.2.4 Strength Cement-treate? s0il develops values of
cohesion and internal friction that are mar'wdly higher than v:lues
for the raw soil (19). Balmer (1) studies tlie shear strength charac-
teristics of two granular and two fine-zrained soils by using underained

triaxial tests. The triaxial shear results in terms eof totul strcss,
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