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ABSTRACT

Two typical silty soils were stabilized using
Portland cement and Portland cement and Rice Husk Ash

blended admixture.

Stabilized samples were prepared at their maximum
dry density and optimum moisture content obtained by the
standard AASHTO test, They'mere cured and tested fbr
evaluating dUIability,.uolumé and ﬁoistdre change charac-
teristics, unconfined cdmpressiue st;ength and plasticity

characteristics.

. The results obtained show that cement-treatec local
Silty soils satisfy the durability criteria recommended by
the Portland Cement Association (PCA) at about 8 pet cent
cement content. But at the same cement content, they do not
attain the specified minimum unconfined compreésiue
strength. 3ilty soils stabilized with only 2 per cent cement
content show considerable gain in unconfined compressive

strength over untreated soil,

A blended admixture of Portland cement and Rice Husk
Ash, proportioned in the ratio of cement to Rice Husk Ash,
3 te 1, met the durabjility criteria. However, slight

decrease in unconfined compression of cement-treated soil

was observed on addition of Rice Husk Ash,
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Cement-treated silts tend to show a reduction in
volume. Tolerable increase in volume of stabilized soils
was noted due to zddition of Rice Husk Ash along with
cement on wetting., Cement reduces plasticity index of
plastic silts, change being pronounced at higher cement

contents,

Finally, it was observed that Rice Husk Ash like -
many other Pulverized Fuel Ash (PFA) has little cementi-
.tious property of its own and can only be used as an

admixture with other cementitious materials.
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CHEPTER 1

INTRODUCTION

e

1.1 General

A soil exhibiting a marked and sustained resistance to
deformation under repeated or continuing load application,
whether in dry or wet state, is said to be a stable soil.
When a less stable soil is t;eated to improve its strength
and its resistance to change in volume and moisture content, -
it is said to be "stabilized". Thus stabilizatioﬁ infers
improvement--in both-strength and durability. In its earlier
usage, the term stabilization signified improvement in a
gualitative sense only, flore recently stabilization has
become associated with guantitative values of strength and

ddrability which are related to performance.

These guantitative values are e*ﬁressed in terms of
CDmprESSiUE strength, shearing strength or some measure of
load bearing wvalue, These in turn indicate the load beafing
guality of the stabilized construction, Again the durability
indicates its resistance to freezing and thawing and wetting

and drying.,

S0il .stabilization almays'inuolues certain treatment of
the soil which agailn aluays involves remixing the soil with’
other soil types or foreign matter and the compaction of the

mixture., When applied to road construction, it produces new

materials which resist traffic loading and weather effects




if correctly used, and allow transport and communication in

all weather conditions,

According to Winterkorn (1975) "Soil stabilization is
a collective term for any physical, chemical or biclogical
methods, employed to improve certain properties of a natural
soil to make it serve adequately an intended engineering

purpose',

f

Since early forties, the stabilization of soil with
'admixtures like cemeht, lime, bitumen, fly ash etc., have
been successfully experimented and used extensively for the
construction of road and airport foundations in the U.S.R,;"
Europe, India, Africa and many other parts of the world

(IRC, 1376).

1.2 50il Stabilization Technigues

‘There are many methods of soil stabilization in use,
fhe degree of improvement of in-situ soil may differ within
& particular metHDd &nd also between the other methods, The
reason behind is that soils exist in & broad range of types

and different suils react differently to & stabilizer,
The available important methods may be listed as below:

i) Mechanical stabilization
ii) Cement stabilization

iii) Lime treatment

iv) Bitumen treatment




_v) Electro-osmosis
vi} Thermal treatment

vii) Chemical grout.

Fig. 1.1 shows the feasibility of different stabilization

technigues related to soil type,

Mechanical stabjilization is sometimes termed as granpu-
lar stabilization. In this process, gradation of so0il -
aggregate mixthe is the only factor whiéh contrﬁls the
stability of thé resulting construction, The basic princi-
ples involved in mechanical stabilization are 'proportioning}
and 'compaction', Stability and strength of granular mate-
rials having negligible fines when mixed with clay and
Compacted, can be improved by this technigque. Similarly, the
Sfability of the clayey Sﬁil can belimproved by mixing &

proper proportion of granular materials in it.

LCement statilization has been used successfully to
stabilize granular soils, sands, silts and medium plastic
clays, Details of cement stabilization will be discussed

later.,

Lime stabilization has been in use to stabilize Ciayey
s0ils. Lime depends for its action on pozzolanic materials
in the soils. These normally consist of clay minerals and
amorphous compounds, Lack of these materials in pure sands

and granular soil, makes lime stabilization ineffective for

them, Addition of lime to & s0il generally results in.decreased




soil density, changed plasticity p:operties and increased

soil strength.

Bitumen when‘mixed with soil imparts binding property
and makes it waterproof. Water proofing property imparted to
the soil helps in retaining its strength even in the presence
of water. In the case of fine Qrained soil, bituminous
materials seal the voids between the small soil clods and
keep soil away from coming in direct contact with waterland
thus inherent propertiés of the soil are retained. In tﬁe
case of soils like sand and gravel, individual particles
get coated with a very thin film of bituminous materials and

thus impart binding property in the soil.

The electrical stabilization'techniﬁue is als? known
a5 electro-osmﬁsis, The process involves sandiné a direct
electric current throbgh a saturated soil., This flow of
current results in movement of water touwards the cathode
end from where it is pumped out, Thus the soil is consolidated
with decrease.in volume, This consalidation increases the
strength of the soil appreciably. The method is suitable for

silty and clayey soil (Fig. 1.1).

By thermal treatment, soil can be stabilized for
expediting construction facility. A reliable temporary expe-
dient to facilitate comstruction of .open and underground

excavation is stabilizing the soil by freezing the pore water.

when a clayey soil is heated, there is & progressive hardening.

L1
o
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Fig. 1.1 F easibility of stabilization technigues

: : (after Mitchell, 1976).




The resultant effect is impri vement of certain properties
of soil 1like plasticity inde: swelling properties, strength,
compressibility and durability. The method is uneconomical

for stabilizing in-situ soils, )

By chemical grouting, it is possible to stabilize fine
sands and silts, Grouts fill the pores of these s0ils result-

ing in stabilized material,

1.3 Soil-Cement Stabilization

Soil -cement stabilization is the process in which cement .
is used as an admixture. The strength of the soil is increased
and it becomes resistant to softeming by water. This improve-
ment in the quality and bearing capacity of the soil at,a.

reasonable cost make it more desirable and efficient in

comparison to other methods-of stabilization.

Though history of stabilization using admixture dates
back to early civilizations of Mesopotamia and Babylon and :
more recent Roman civilization, in modsrn times, it was in
South Carolina, USA in 1935, that a fiighway engineer innova-
ted this method of stabilization, Since then 50 millions
Sq; yds. of soil-cement pavements including roads, runuays,
car parks and similar, construction have been made in U.S.A,
alone, Soil-cement ﬁonsfruction inm:..Britain exceeded 6,60,000
Sg. yds. in 13950, half of which had been constructed since

the Second World War. These include building blocks, founda-

tion for houses, housing estate roads and sub-base of major

roads (Road Research Laboratory, 1852},




Today soil-cement stabilization is used in many
developed and developing countries in the tropical and

arctic regions of the world (Kezdi, 1979).

1.4 50ils of Bangladesh

The surfacial geology of Bangladesh may be split into
three formations as shown in Fig. 1.2. These are described

separately belouw, .

1. Tertiary and Pleistocene Hill Formations

The tertiary and pleistocene hill formations consist

almost entirely of unconsolidated or poorly consolidated sand-

stones, silt stones and shales, These hill formations run
— 1 ——————— ————

roughly north-sauth in the Chittagong Hill Tracts and South

of Sylﬁet but east-west along the north-east border parallel

to the Shillopng Plateu,

2, Uplifted Alluvium Terraces

These terraces, comwmonly known as the Madhupur and
Barind tracts, are both underlain by 8 relatively homogene-
ous'clay known as Madhupur clay, This clay is believed to
have been laid down in a stable marine or deltaic environment
in the late Miocene. The clay is underlain by fine sand andg

the land systems are fault blocks which have since been

uplifted and locally tilted,
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Fig. 1.2 Surfacial geolegy of Bangladesh :
(after. Bangladesh Transport Survey,1974).




3, Recent Floodplain and Piedomont Alluvium

This occupies roughly seventy percent of the total
land area.‘The Quaterpary flood plain sediments were mainly
depusited by the Ganges, Brahmaputra, Teesta and Meghna
rivers énd their distributaries; sands freguently occupy
large areas in the north-east and south-west of this zone.
Génerally elsewhere, however, silts and silty clays predo-
minate. piedomont'deposits are usuaily found close to the
existing hill areas and usually overlie Dldef flooo plain

alluvium.

Each formation is divided into a number of land-systems,
_Buﬁ of them, Recent Flood Plain and Piedommont Alluvium has
‘the highgst number (17) of land systems compared to 2 of
Iertiary and Pleistoﬁene Hill Formations and 2 of Uplifted

~Alluvial Terraces (Bangladesh Transport Survey, 1974).

In this research, s0il samples have been collectec
from Jamuna land system which is & recent f100C plain allu-

vium,

Most of the area is under water during the monsoon and
the surface is covered with a large number of tributaries
and distributaries of Jamuna, criss.crossing at many points,
ihe river gradient is flat and is one of the causes for
reduction of the velocity and depositionrof fine e?oded

particles like silt and clay.
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1.5 Need for Soil-Stabjilizatjon for Road Construction in

Bangladesh

From the previous article,it is seen that the flood
plain deposits are of recent origin. In these deposits,soils
alterﬁate in repeated layers of clays, silt and sands. Major
portion of this deposit is jinundated by seasonal flooding
every year. As a result, the sub-soil becomes soft and has

' iDu‘ﬂenSity and shear strength. Presence of ground water
table close'to'tﬁe surface inrother.times of the year except
flood time also contributes to lower the density and bearing
value of the sub-soil. Due to low topography, during roac
copstruction in most of the land surface, earth fillings
become necessary, Filling so0ils are generally excavated from
nearby borrow pits. These fill-soils have inadeguate shear

“strength to support the traffic loads applied on them. Also,
prDanged'rainFall seriousiy impair the stability of these
s01ls. 'In order tc serve adeqguately, it is essential to

improve their strength prooperties,

The éonuentional practice of constructing earth roads
in rural areas is to dump the loocse soil over the rcad forma-
tion and to render a nominal compaction., This raéd is subse-
guently exposed to rain and monsoon flood, This together witH
inadeguate compaction Sériously impair the durability of
earth roads. The resultant effect is comparatively low sub-

grade strength and eventually higher pavement thickness in

case of paved road copstruction,

“,‘:"'l

,,.
e ™
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In Bangladesh, since resources are limited, it is

extremely difficult to mobilize resources for constructing

paved roads cover.ng the whole country, But for uplifting

‘rural masses, communication is a must, If the rural masses

are to join the mainstiream of the more previleged urbanites,

the most essential pre-requisite would be to provide an

adequate network of roads, With limitations, it is essential

that roads are to be constructed in Sfages.‘ThE way is to be

found out to provide low cost roads in rural areas.

Bangladesh Transport Survey (1974) recommended the
possibility of using cement stabilization for non-plastic
alluvial soils of flood plains of Bangladesh for sub-base

and base construction of roads,
[ .

Central Road Research: Institute (CRRI), India has been

‘advocating low cost soil stabilization technigques for rural

roads in India, Swaminathan et al (1976),

1.6 Cement-Rice Husk Ash Stabilization

Since late sixties there has been a growing emphasis
on the use of agricultural wastes for engineering puUrposes.
Rice Husk then.drew attention in all agricultural countries
be;ause it has a little‘traditional use values in country
side as cattle fodder, fuels or as a scurce of manure; It
is used to a large extentlin Rice Mill Boilers and again;

the ash produced creates a dumping problem.



In Bangladesh, annual rice prodﬁction was about 135
lakh tons in 1982 83, Housing and Building Research Institute
(HBRI) (18984). Twenty percent husk are produced during
milling. This husk sample generally contains 42% cellulose,
2%h lignin and 19% silica, HBRI (1984). On burning Rice
Husk under a controlled condition, Rice Husk Ash (RHA) con-
taining more than ninety percent sil;ca is produced, This
ash can be exploited as a construction material like
Pulverized Fuel Ash (P.F.A) obtained from coal fired elec-

tricity generating plants.

Lazzaro and Moh {(1870) indicated that lime-rice husk

ash mixtures can be used to stabilize deltaic soils,

) Ramaiah-and Satyapriya (1882) successfully stabilized

Black Cotton S5o0il in India with lime and rice husk ash,

SIRI, Malaysia (1873) found that RHA is a good source
of ma£erial for making blended Portland-RHA cement by
intergrinding. The resulting blended cement shows high early
strength, good long term durability and better acid resistance

than Portlarnd cement,

The per Cépita consumpticon ©f cement in Bangladesh is
about 14 kg only compared to 30 kg in India, 44 kg'in Pakistan
and 27 kg in Srilanka, HBRI (1984), As per the estimate made
in the draft Second Five Year Plan (SFYP), Bangladesh needed
13.0 lakh tqns of cement in 18982-83. Dﬁt of this reguirement

only about 3,07 lakh tons of cement are produced in the country.




Hence the major source remains the import, For self suffi-
ciency in this field cement production is to be increased
or any other cement like material is to be manufactured so
that it can atleast partially replace portland cement in
the construction sector., Keeping this view in mind, a
blending of Portland cement with Rice Husk Ash in suitable
pfppartion would be a possibility of producing a cement

substitute.

Studies-at HBRI (1984) have -shown-that-Portland cement-
RHA blend in the ratio, cement to RHA, 1 to 1, can be used
for masonry work satisfying ASTNM Specificétiﬂn C-81 for

" -

masonry cement,

i . . 7
In this research, selected- -alluvial soils of Bangladesh

have been stabilized with PDrtlénd cement and Portland cement-
RHA mixﬁure in varjious prOpbrtiDn and the durability, strength
and plasticity characteristics have been studied with a view
to examining the potentiality of using Portland-cement-RHA

blend in the construction of rural roads,




CHALTER 2

LITERATURE REVIEW

2.1 General

The properties of the stabilized soils are influenced
by a number of factors, such as quality and amount of admix-
tures, soil properties, compactive effort, condition following
addition of admixture, curing period and many other. In this
chapter, a brief review will be made about the méchanism of
cement and ceﬁeht—ﬁiﬁe Hu sk BShrstabilizatiDn, iﬁportant
aspects of properties of stabilized soil, fastofs inflUEncihg
the mechanism of cement stabilization 'amd probable effect of
Rice Husk Ash on cement stabilization., A summary at the end

of this chapter briefs the detailed discussion in this chapter.

2.2 Basic Principles of Soil-Cement Stabilization

Adgition of inorganic stabilizers.like cement and lime
have two fold effect on s0il — acceleration of flocculation
and promotion of chemical bonding. Due to flocculation, the
clay particles are electrically attracted and aggregated with
each Dtherf This results in an increase in the effective size

of the clay aggregation (Jha, 1977).,

Ingles .(1968) asserted that such aggregation converts
clay into the mechanical equivalent of a fime.silt, Alsc, a
strong chemical bonding force develops between the individual

particles in such aggregation. The chemical bonding depends

upon the type of stabilizer employed.




When water is added toc neat cement the major hydration
products are basic celcium silicate hydrates, calcium alumi-
nate hydrates and hydrated 1ime. The first two of these
-progucts constitute the major cementitious compounds, while
tHe lime is deposited as a seperate crystalline solid phase,
They are also responsible for strength - gain of soil-cement

mi x (O'Flaherty, 1974).

The interaction between cement and soil differs some-
what for the two principal types of soil, granular and

cohesive.

In granular soils, the cementation effect is similar
- to that in concrete, the only difference being that the cement
paste does not fill the voids of the additives, so that the

latter is only cemented at contact points (Fig. 2.1).

Fig. 2.1 Cementation effect around the contact points
‘of the coarse grains (after Kezdi, 1979).




16

Thus no ﬁontinuous matrix is formed and the fracture
type depenos on uwhether the interparticle bond or the natu-
ral strength of the particles themselves is stronger. The
better graded the grain distribution of a soil, the smaller
the voids and the greater the number and the larger the
interparticle contact surfaces, the stronger the effect of

cementation (Kezdi, 1979),

“In fine grained silts and cléys, therhydration af
cement creates rather strong bonds between fhe various
mineral_substanCes and forms a matrix mhiCH efficiently
encloses the non-bonded soil particles., This matrix develops
a cellular structure on whose strength that of ﬁhe entire
constructioﬁ depends, This happens due to £%e fact that the
strength of thé clay particleé within.the matrix is rather
low. Since this matrix pins the particles, the cement reduces
plasticity and increases shéar streﬁgth. The chemical sur-
face effect of the cement reduces the water affinity of the
clay and in turn, the water-retention capacity of the clay.
Together with & strength increase, this results in the
enclosure of the larger unstabilized grain aggregates which,
therefore, cannqt expanc and will have improved durability.
The cement-clay interaction is Signi%icantly_affected by.the
interaction of lime; produced during hydration of pDrtl;nd
cement and the clay minerals, The interaction can be classi-

fied into two groups : rapid rate (ion exchange and flocculation)
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and slow processes (carbonatization, pozzolanic reaction
and. the production of neuw substances)}, The whole process

can be divided into a primary and a secondary process.

IThe primary process ipcludes hydrolysis and the hydra-
tion of the cement. In this process, hydration products
@ppear and the pH value of the water inctreases. The calcium
hfdfoxide-produced in this period can react much more strongly

than ordinary lime.

Llay is important in the secondary processes. The
calcium ions produced during cement hydration transform the
clay firstlinto caicium clay, and increase the intensity of
the flocculation that had been initiated‘by the increased
total electrolyte centent due toc cement addition. Calcium
hydrogide then attacks the Clay.partiClES and the amorphous
compound parts. Then the silicates‘and aluminates dissolved
in the pure water will mix with the calcium ions and additiocnal
Cementing material is precipitéted. The calcium hydroxide
Consumed during the course of the SeconCary procesSses is

partly replaced by the lime produced by cement hycdretion.

During the secondary processes the cementation subs.
tances are formed over the surface of clay particleé or im..
their immediate vicinity, causing the flocculated clay grains
t0 be bonded at the contact points. Still stronger bonds may
be created between the hydrating cement paste and the clay

particles coating the cement grains.




18

The products of primary process harden into high-
strength additives and differ from the normal cement hydra-=
ted in concrete or mortar only by their lower lime content,
The secondary processes increase the strength and nurability
of the soil cement By producing an additional cementing
substance to further enhance the bond strength betmeen the
:parthlES‘(Kezdl, 1979) .
2.3 Types'of'ﬁement-}feated Soil Mixtures

Four major variables control the degree of etabiliza-
tion of soils with cement. They are (i) the nature of the
soil, (ii).the proportion of the cement in the mix, (iii)
the moisture content at the time of compactiog ane {iv) the

degree of densificatiocn attained in compaction.

The possibility of ?Pnt;Dlling the properties ef the
mix to suit the construction and the degree of stabilieation
to satisfy the strength and durability requirements have
resulted in the development of four principal types of s0il-

cement mixtures as follows:

1. Soil-Cement

This is the most general category and the mixtures used
for the construction of stabilized soil roads are usually in

this class. They have to meet predetermined strength, dura-

bility and frost resistance requirements and can be used for
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the construction of the load-bearing layers of roads, bank

reinforcement, parking lots etc.

2, Cement-Modified Granular Seil Mixtures

Cement is used here principally to reduce plasticity
.anq éwell characteristics and thus to improve the bearing
value of marginél or substandard granular materials to make
them acceptable basehor sub-base maté;ials for both Figid
and Tiexible pavements. %he cement‘content may range from
about 1 per cent by weight hpuard, but is always less than

that reguired for soil-cement.

3, Cement-Modified Silt-Clay Soil Mixtures
1 .
In cement-modifiedumixtures, the cement is used to

control the swell-shrink chafacteriéfics of the soil. This
degree of étaﬁilization méyralso be used to strengthen
abnormally weak soils or wet-soil areas. This type always
contains less cement than is reguired for soil-cement, It

is often used for foundation-layer improvement.

4, plastic Sviil Cement

This is a scil-cement mixture that cam:be placecd in a
plastic state. But'it ultimately hardens into a material that
meets the strength and durability requirements set for soil-
cement, It is usually made from lighter textured sandy soils.
It can be used for lining ditches and irrigation channels and

for their protection against erosion.

1
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2.4 Characteristics and Composition of Admixtures

In this research, Portland Cgment'Type-I x& " selected
as the major admixture., Possibility of substituti .g this

admixture partially by Rice Husk Ash was studied.

2.4,1 Portland.Cement Type-I

As per ASTM, cement is-aesignated as Type-1, Type-II,
Type-111I, Type-1V, TypeéU and other minor types like Type-IS,

Type-IP etc,

Type-1I is designated as Drdinaryrportland Cement for
use in general construction where the special properties for

Types-11, 1II, IV and V are not reguired. -

Composition of ordinary portland cement according to

Mindess and Yohng (18981) 1is és fdllous:

Lhemical Name ' Eheﬁical Formula Weight percent
Tricalcium silicate 3 CaOl, 5102 50
Dicaicium silicate 2 Cal, SiU2 25
Tricalcium aluminate 3 Cal, A1203 12
Tetracalcium- 4-Cad, R1,0,,Fe,0 B8
. . . 273 2°3
aluminoferrite
Calcium sulfate EaSDa, 2H20 5

dihydrate (gypsum)

Calcium trisilicate sets fast and is responsible for immediate
strength gain. Calcium disilicate is re5ponéible for long

term strength due to hydration reaction., Free lime, a product

RS
A
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of hydration reaction, brings about base exchange capacity

and chénges the texture of the soil (Jha, 1977).

On hydration of the two calcium silicate types which
constitutezabout 75 per cent of the Portland cemént new
compounds: lime and tobermorite gel are formed, Tobermorite
gel i.e. calcium-silicate-hydrate plays the leading role

as regards strength (Kezdi, 1979).

Un an average 43 perccent of water by weight of cement
is required for chemical réaction.'This water chemically
combines with cement. A cerfain guantity of water is trapped
within the pores of tobermorite gel. It has been estimated
that about 15 per cent water by weight of cement is reguired
to fill up the gel-pores. Therefore, a total 38 percent of
water by weight of ceﬁené is required for the complete

chemical reactions and occuping the space within gel pores

(Shetty, 1982).

Z.4,2 Rice Husk Ash

Rice Husk Ash (RHA) with pozzolamic prouperty is obtaines
by burning Rice Husk under a-controliled condition and tempe-
rature., Rice Husk Ash with a higher carbon percentage can be

obtained as a by-product in rice mill boilers.

Research at Leylon Instituté of Scientific and Indus-

trial Research (CISIR), Sri Lanka (1979} for making pozzolanic

cement from Rice Husk Ash was based on rice husk ash obtained
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by first burning rice husk in boiler. Subsequently, the ash
was further fired in a furnace at 650°C for reducing carbon

percentage.

SIRI (Standards and Industrial Research Institute) of
flalaysia (1879) studied the possibility of producing Rice
Husk Ash and Portlamd cement blended cement by rice husk ash

from.rice mill boilers,

For large-scale industrialized burning, Pitt (1974)
has designed a furnace mhiChflooks like an inverted cone
into which rice husk is sucked due to negative pressure.
maintained by an exhaust fan. From the furnace, the hot
gases containing ash are taken to a boiler and finally to a

multicone seperator which removes the ash from the gases,

Thus the heat'pdeQCed;by combustion of husk is usually

recovered in the form of steam. A typical flow diagram of

the process is shown in Fig. 2.2.°

Composition of Rice Husk Ash reported by Dass and

Rai (1879) is as in.Table 2.1.

These results are similar to the composition after

Chopra (1973) as in Table 2.2,

HBRI (1984) analyzed RHA and showed the components

in Table 2,3,
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Table 2.1 Composition of Rice Husk Ash (After Dass and

Rai, 1979}

Constituent Percent by weight

5102 893.2

R1203 0,58

F8203 | | 0.22‘

Cal B ' 0,51

mgld - f 0.4

Na .U U.05

KZD 2,93

[l

Loss on Ignition ' 1.91

Table 2.2'£ompésition of Rice Husk Ash: Dry Basis
(After Chopra, 1879)

Constituent : Percent by weight
Average composition | Batch composition

Si[]2 85-97 91.08
KZD 0.5-3.0 2.08
NaZU 2.0 .18
Cal 2.0 0,58
MgQO 2.0 0.75
FezD3 Traces -0.7 0. 31
P2DS 0.2 - 3.0 -

503 .17 - 1.5 -

Ci Traces =-0.5 Traces
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Table 2.3 Constituents of Rice Husk Ash (After HBRI,1984)

Constituents Percentages present
5102 B8.6
Cal 1.22
A1203 0.58
Fe,U- 0.60
Loss on ignition : 6.0

From the chemical analyses presented, it is clear that
flfice Husk Ash contains a high amount of silica, Further study
by Dass (1878), Chopra (1979),and HBRI (1584) revealed that

i
this silica is reactive and makes the ash pozzolanic,

A pozzolana or pozzolenic material is a siliceous or
siliceous ahd aluminous material which itself possesses
little or no cementitious value but will, when in finely
divided form and in the presence of moisture chemically
react Qith lime at ordinary temperatures to form compounds

possessing cementitious properties (U'Flaherty, 1374),

Menta (1875) has shown that cement can be made burning
rice husk in a controlled condition, Columna (1974) found
out that the use of village burnt Rice Husk Ash as a pozzola-

nic additive to cement is possible.

As far as production is concerned, Rice Husk Ash is

similar to Pulverized Fuel Ash (P.F.A.). Pulverized Fuel Ash

"‘fw*' Rr
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has been defined as solid material extracted by electrical
or mechanical means from the flue gases of boilers fired
with pulverized coal (BS 3892: 1965). Regarding composition,
primary ingredients of fly ash, silica and alumina, silica

is common both in P.F.A. and RHA,.

2.5 Role of Rice Husk Ash in Stabilization

A few works have been done in the field of stabiliza-
tion technigue employing Rice HUSk Ash (RHA). These are

outlined in the following discussion.

Lhemical analysis of the RHA indicates the presence of
silica as a primary constituent, At low combustion tempera-
ture, silica is essentially amorphous but beyond SDDDE, it
crystallizes in the form df tridymite and cristobalite
{(Houston, 1872). The Dtﬁer.metallic oxides present cansti-
tute between 7 and 10 per cent by weight, the dominant
metals being potassium, sodium, calcium and magnesium

(Tables 2.1, 2,2 and 2,3).

Cook et al (1878) suggested that combination of amor-
phous silica in RHA with calcium hydroxide, either as slaked
lime or as a by-product of hydrating cement results in a

cementing agent 1liKe pozzolanic cement.

SIRI, Malaysia (1878) mentioned another effect of RHA
addition te Portland cement. As found under electron micro-
scope, the fine ash acted as a source of 'reinforcement' in

between the cement setting work.




These signify the justification of using RHA as a
potentizl additive or replacement for lime and Portland

cement in stabilizetion.

2.6 Factor Governirig Properties of Soil-Cement Mixtures

There are a number of factors e.g. soil type, cement
content, degree of compaction,aegree of pulverization of
s0il,mixing methods and.enuirdnmentél condition‘which have
marked influence on the prOEQrtiés of cement admixed soil,

A sound understanding of the behavior of the mixture is
poséible only by an extensive study of the nature and extent
of these influences, A brief review of the important factors

is presented in subsequent articles,
1

2.6,1 50il LCharacteristics

The characteristics of éoil which affect the properties
of soil-cement mixtures are inherent nature of the soil,
physical and chemical composition, grain size distribution
and behavior on moisture addition. Interrelated and diver-
sified effect are exerted by these factors. As a result, no
one can be identifiecd as playing the leading role in deter-

mining the behavior of soil-cement mix*ures,

Hicks (1942) found out that soil of the similar parent
materials with similar topography and cxposec to similar
climatic conditions have comparable influence on the proper.

ties of cement-treated scil mixtures.

P
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Norling and Packard (1958) showed the effect of
materials retaining on No. 4 sieve on the properfies of
soil-cement mixtures. They found that addition of such
materials to fine aggregates in soil-cement mixtures
increases the cement démand of the mix, and also increases
the compressiué strength, However, if the cement content
by meighﬁ of the fine aggregates is held constant, thé
compressive strength is not affected by the proportion of
coarse aggregates (larger thaﬁ No, 4 sieve) provided that
proportion is smaller than 50 per cent by weight of the

total material (Fig., 2.3).

Handy et al (1955) showed the effect of clay content

' 3*

on soil-cement mixture by experimentation on four Iowa
loess soils of similar shape but with varied silt and clay

content. They found that cement demand by the lcess soils

increased with the increase in clay content.

Diamond and Kinter (1858) determined surface ares Of
s0ils oy the glycerol-retention method., They correlated
between the surface area and the cement contents reguired
for soil-cement mixtures, They found that with the increase
in surface area cement reguired by the s0ils increases as

shown in Fig. 2.4.

Catton (1840) showed that the plasticity of a soil

influences the properties of cement-treated soils. Houwever,

¥ @& state in the United States of America,




Cue to overlapping infiuence of other raw soil properties,
well—defined relationships between the plasticity and nature
of so0il-cement mixes are not always clear. No relationship
has yet been established between liquid limit {LL} and
plasticity index (PI) and cement content for AASHO A-2 and
A-3 grouped soils, But Catton (1940) showed that for soils
of the AASHU A-4 group cement requirement increases appreci-
ably with increase in liquiﬁ limit, There is further increase
in cement requirement fof the soils of AASHD‘A-B and A-7
gr§Ups (Fig; 2.5). Indian Roap,Congieésn(1973) does not
recommend cement stabilization for clay soils having PI

greater than 22,

“Redus (1858) illustrated the effect of aging over
. , (I
periods upto several years., He showed that plasticity index
reduces for different proportions of cement admixtures in a

so0il after various periods of curing as shown in Fig. 2.6.

2.5.2 Chemical Properties of Soils

The presence/different substances in soil affect the

: degree of reaction of s0il with the cement. The cat-ions
carried by these substances are responsible for this,., Soils
having pH values ranging from 4 to 14 show satisfactory
pecformance when treated withlcement. However, Catton (1340)
suggested that pH and organic matter content should be
treated as seperate variables, because soils containing more

than 5000 parts per million (ppm) organic matter turn out
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to be acidic, Winterkorn et al {1842) found out that the
nature of the cat-ion.influences the properties of raw soil

as well as the properties of soil-cement,

Catton (1940) asserted that the guantity of the organic
matter in ppm is not indicative of its potential influence.
Clare and Sherwood (1854) basing on their experimental work
with seueial typeé of organic matter concluded that compounds
with high molecular weight donot affect the strength of the
s0il-cement mix.'But,lthDse with leerrmUlECUlar_weight such
as nucleic acid and dextrose retard hydration and'reducev
strength. However, they found that rétardation of setting and
strength reduction is related, not to thé-totél organic
matter content but to some active function of it. This acti-
vity depends on the capacity of surfﬁce soils to absorﬁ

calcium ions,

Ahmed (1984) showed for a siity soil of AASHU group
A-4 having organic matter content of about 4% by weight that
/

strength increase of the soil beyond 8% cement content is

insignificant.

IRC (1973) does not recommend cement stabilization for
road censtruetion for soils having organic matter_content

greatér than 2 per cent.

2.6,3 50il State

The degree of pulverization defines the soil state

during mixing and compaction of cement-treated soils. The




degree of pulverization determines the degree of mixiﬁg'ana

in effect, the guality of soil-cement mixtures, Felt (1955)
showéd that during the wet-dry and the freeze-thaw tests, the
poorest durability is obtained when the clay lumps in the

mixes were dry. Mixes having moist clay lumps showed less soil -

cement loss in the wet-dry and the freeze-thaw tests.

Grimmer and Ross (1957) showed the effect of pulveri-
zation on'compressiue.strength of tﬁersamples cured by immer-
éion in water. They found fhat decreaserin'percentagé of 3/18
inch size soil aggregates in sﬁil-cemenf mix increases the .
unconfined compressive strength. They also found that cement
treated silty and clayey soils are of best quality when 100

‘per cent of the soil is pulverized to pass through No. 4 sieve.

Felt (1955) illustrated the influencélo} moisture
content on compressive strength £est on. specific soils.'He
showed the influence of moisture content by taking the optimum
moisture content as a base line moisture content and varying
"moisture content above or below that line. Keeping the coﬁpac—
tive effort constant, he showed that density varies with fhe
variation 0f moisture content., He also showed that the compre-
ssive strength for sandy and silt& soils intreases to a maximum-
at slightly less than optimum while for clay soil the cohpre—
ssive strength increases 'at moisture centent slightly greater
than optimum moisture content., However, generally, the co%pre—

ssive strength values will exhibit a variation similar to the

moisture-density curve obtained by Proctor test (Kezdi, 1973).

_—
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Felt and Abrams (1957) compared the results of unconfined
compreésive strengths of dry and moist..specimens for a non-
plastic sandy soil (AASHO soil group-A-1-b) and a sandy clay
soil (AASHO group A-6). Using 3 and 10 percent cement content,
they showed that for the sandy soil, the dry strength averages
180 per cent of the strength of moist specimens and for the
sandy clay, dry compressive strength averages 245 per cent

of that of the moist specimens.,

It can be stated that in dry camenf—treated soils,
strength iércontributed both by the cohesion of the soil and
the cementing action of the cement. In field, due to presence
of ground water table nearer to the surface, the cement-
treated scils in the form of base courses for highuays-exist
'in the moist state. So, if representative strength values
are to 6btained, strength tests must be made on moist speci-

mens,

Density strongly influences the strength and durability
of soil-cement mixtures., For some soils and cement content,
relationship between strength and density approaches a
straight line. Maélean et al (1852) showed that 5 per cent
decrease-in relative compaction mayvreduce strength by 10 to
15 per cent; Wood et al (1960) reported that increase in

density reduces the soil-cement loss in the wet-dry test,

2.6.4 Cement Content and Type
If a soil pormally reacts with cement, then the cement

content will determine the type of cementwireated soil mixture.
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Variation of cement content changes the plasticity and volume

change characteristics.

the elastic praoperties,

the durat:lity

of the soil-cement mix and other properties to different

extent.

Catton (1940) tabulated the cement regquirement by

AASHO soil groups as shown in Table 2.4.

Table 2.4 CLement HEquiremenf by AASHO Soil Groups
(After Catton,1840) B

AASHO Usual range in Estimated cement Cement content
s0il cement require- content and that for wet-dry and
group ments used in the . freeze~Fhaw
A-1-a 2.7 -3-5 S 3-5-7
A-1-b 7-9 5-8 B 4-5-8

A-2 7-10 | 5-9 7 5-7-9

A-3 8-12 | 7-11 g 7-8-17
A-g 812 7-12 10 8.10-12
A-5 8-12 B-13 10 8-10-12
A-B 10-14 9-15 12 10-12-14
A7 10-14 10-16 13 10-13-15

Portiand Cement Association (PCA) {1956} also gave a

table showing average cement requirement for both Sandy and

fine grained soil,

This is shown in Table 2.5.
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Table 2.5 Aueragé Lement Requirement (After PCA, 1956)

B and € horizon Sandy Soils

Material Material Cement content (% by wt.)

retained smaller . . .
on NO. 4 than _ Maxlmgm density (pcf)
sive 0,005 mm | 105 110 115 120 125 130
(%) - (%) to to . to to to to
109 114. 1189 124 "129 |or more
0-18 10 g B 7 6. 5
0-14 20-39 g 8 7 7 5 5
40 -50 11 10 g 8 B 5
0-~13 10 9 g 8 B 5
. 15-28 20-39 g 8 , 7 B 6 5
4050 12 10 g - B 7 _ B
0-19 10 g 7’ B 5 5
30-45 20-38 11 g 8 7 6 5
40,580 12 11 10 g 8 o)

CDntd...




Table 2.5 Contd..

B and C Horizon Silty and'Clayey £ . s.

AASHD gzzizisl Cement content (k. by wt.)
gi;:i 0.05 mm Maximum density (pcf)
0 SBS NRIET 95 | 100 105 110 115 120
'(%) to to to to to to9 Oor more
94 e 104 108 114 11
0-19 12 11 | 10 8 8 7 7
0-3 20-33 - |12 11 | 10 9 8 8 7
| - 40-59 13 12 | 1 9 8 8 8
60 or - -1 - - - - -
more
0-19 13 | -12 | 11 e 8 7 7
47 20-39 13 12 | 11 10 10 g 8
40-59 14 13 | 12 10 10 g g
60 or 15 14 | 12 11 10 9 9
‘more B
: 0-19 14 13 | 11 10 g 8 1 8
B-11 20-39 « |15 14 | 11 10 | s g
| 40-59 16 | 14 |12 11 Jf o100 |0
' 60or - {17 15 | 13, 11 ] 10 10 10
moTe ’
0-19 15 14113 12 11 g g
1215 | 2G-32 16 15 | 13 12 11 10 10
40-59 17 16 | 14 12 12 11 14
60 or 18 16 | 14 13 12 11 11
moTre
0-19 |17 |18 |1¢ 13 12 11 10
16-20 | 206-39 18 17 |45 | 1a 13 11 11
46-59 . |13 18 |15 14 14 12 12
60 or 20 19 |18 15 14 13 w2
_mOre
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Felt'(1955) showed the ;nfluenCe of cement content on
compressive strength of three soils - a sandy loam, a silty
loam and a silty clay where only cement content was varied,
Curing period was from 2 days to 1 year. The result showed
that only the sancy loam has satisfactory compressive
strength and for increasing cement content and curing périod,
stiength increases, Medium and silty clay showed promising
'result upto certain cement content énd after that no signi-

ficant changes were observed.

It is to be noted that gquantity of cement reguired for
stabilization incCreases as soil -plasticity increases.For highly
plastic 'soil.as much as 15 tD'ZU%“ﬁEMEQt by weight is .required

to oring about the hardening of the soii (Yoder, 1975).
i - :

The volume change D%.SDil-Cémen£ mix also depends on
the cement CDntent.-SihCé'pememt;demand by -wvarious soils- ..
depends on the soil type, ; specified maximum volume change
on cement addition will define the suitatility of the soil
for cement stabilization regarding volume change. The
Table 2.6 shows physical characteristics of soils suitable

for soil-cement road construction purpose. This also includes

permissible volume change of different soils,

From the Table 2.5, it is evident that ccarse silty
sands and silty sands, coarse silts and silts are most suita-
ble for seil-cement road construction. Maximum permissible

volume change in every case has been limited to 2%.

"f;;@
e

M
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Table 2.6 Physical Characteristics of Soils Suitablé for
Soil-Cement Road EOnstructiOQ Purposes
(After Kezdi, 1979)
Type So0il Weight, % Plasti- |Permi- Note
. dia dia city ssible
< 0.1 |<£0,005 | index,% |maximum
volume |
(mm) o change, %
1 Jand, fine 0 0 . 2 Excessive
sand : cement demand
2 Coarse 2070 0 - 2 Favocrable
silty
sand
3 Coarse . - : .
- B0-80 5-20 7 o2 Favorable
silt .
4 Silts €0-100 36 | 7-15 | 2 Intensive
i with ' ' : ' \ pulvertization
i coarse regUired
‘ fraction :
— and medi A
um silts
5 L ean 100 35 15-20 2 Sensitive to
clay frost .

hfﬁk

\ |
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Felt (1955) made experiments on three different types
of soils to find.out the effect of cement type on cement-
treated soil mixtures. He compared the results of compaction
test, compressive strength tests and the wet-dry and the
freeze-thaw tests made on soils treated by normal Portland
cement (Type-I) and air-entraining Portland cement (Type-IA).
It was found that moisture-density relatijonships, compressive
strengths and the soil-cement losses in the wet-dry .and the
freeze—tﬁaw tests were almost tﬁe same, This indicates that
these two typessof cement can be used interchangeably in

soil-cement construction,

It was further observed on experimentation with Type-II1
cement that the optimum moisture contents and maximum densi-
: , p
ties obtained are approximately the same for Type-~I and

Type-1II cements,

Felt (1955) also found fhat. influence of Type—IiI
Cemenf on strength of different soils varies. For loamy sand,
the 7 and Z2E8-day strength for Type-III cement were about
Z and 1.4 times those for Type-I cement respectively. For
a silty-clay loah, the sirength for Type-III was oniy slightly

higher than that for Type-I cement.

2.56.5 Mixing and Compaction

To ensure best results by cement stabilization, effi-

cient mixing ano compaction are essential pre-reguisites.
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These together with the EQQipment used and the time lag
between mixing and compaction influence both the strength
and durapility characterisfics of soil-cement mixtures. The
degree of mixing using @ particular equipment and following
a specific procedure depends on the soil type aswswell as on

its degree of pulverization and its moisture content.

Inladdition.to the soil type aﬁd water content, the
e%%iCienCy of ‘mixing aépénds oﬁ tﬁe Mmixing times An increased
wet mixing tiﬁe usdally increases the optimum moisture content,
reduces the compression strength and incCreases the weight

losses auring the wet-dry and freeze-thaw tests,

Studies on cement h%;dening'and certain in-situ experi-
ences gave rise to the idea that the compression strenghth of
the soil—cement'mix could be inCreased by waiting between
‘wet mixing and compactien, .In such cases, consolidation can
even start dufiﬁé this rest period, while in the course of
compaction camentrcOuer-under development woulid be torn off
and prepared for further hydration. This results in an increa-
sed strgngth, Hungarian experience supportec this assumption.
But Marshall (1954) claimed that this waiting pericd would
lead to strength reduction in case of several soils. Felt
-(1955) alsa showed that the compressive stfength of cement-
-treated s0il mixtures 1s reduced with the increasing periéd

of mixing.




In Britain, ‘the current specifications reguire that
compaction be completed within 2 hours of mixing being’

initi&ted, Maclean and Lewis (1863),

2,6.t Curing Conditions

The environmental conditions under which curing takes
place have a considerable effect on thé extent to which a
s0il may be stabilized with cement. The strength of soil-
cement iﬁcreases with age., Soil-cement must be moist cured
during the initial stages of its life so that moisture
sufficient to meet the hydration needs of the cement can be
maintained in the mixture. Curing in the laboratory moist
room meets the requirements of humidity and temperature.
But in field the fresh surface must be covered by a loose
material such as stfam, foliage, reed, earth etc., Another
way is to cover the surface with a Qaterproof protective
coating, usually bituminous, which then keeps the water in

the pavement.

Temperature strongly infiuences the strength of cement-
treated soil mixtures, Clare end Pollard (1953) showed that
when the test-temperature is around 25°C (or 77°F), the 7-
day compressive strength increases with the increase in
‘temperaturé by 2 to 2% per cent per degree. They also found
that taking the CDmpreSSiue.strength as the sole-criterion
of quality of cement-treated soil mixture, less cement is

needed in warm weather than in cold weather.
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. Leadbrand (1956) showed the felationship of the compre-
ssive strength with time by testing two soils for a period
0# 5 years, He shouwed that soil-cement continues to increase

in ctrength with age in a manner similar to concrete.

2,6,7 Additives

In Drder’to'imprOué the strength and other properties
of soil-cement, small guantities of various chemiéals have
aliays been used, Very favorable éffects were observed dpon
the addition of certain compounds of alkali metals~(sodium ’
potassium, 1ithium), but experimentation also involved other
substances. With many of them, it is a distinct advantage
that the desired effect can be sécuréd even by the addition
of very small specific guantities. Laﬁbe ét al (1950)\C0ndUC-.
ted detailed examinations with alkali metals and found that
the adcition of 1 to 4 pEI%CEﬂt by weight of hydroxides and
various salts would greatly increase the compressive strength.
The efficiency of the additives depends on the amount Of
reactive silica in the so0il. However the efficiency of the
sodium compounds depends upon the soil typezinvolved : the
higher the plasticity index or the oOrganic matter content,
the lower the efficiency. The best results are obtained by
the simultaneous addition of the compound and the cement to
the soil., Compound addition increased the strength particularly
at the beginning of hardening period, Uther cement-soil

additives include calcium chloride, bitumen and bitumen

gemulsions.
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The addition of Situmen emUlsion was experimented with
in Q;K; (Road Research Laboratory, 1952){ The emulsion for-
mulated specially for this purpose remained stable for a
short while when admixed to a fine grain soil type, all
owing the bitumen to be evenly distributed in the soil.
According to the results collected about 5 to 7,5 percent
emulsion and 3 to 5 pér cent cement had to be added to
achieve a faverable effecf; The ;end product! was somethihg
between the cement and bitumen soils; slightly rigid and

rather water impermeable.

Hungarian experience revealed a favarable Bffect upon
liguid bitumen addition upto a maximum B per cent resulting
in increased compressive strength, This confirms that cement

i .

hardening was not prevented by the bitumen addition (Kezdi,

1979),

The strength-increasing effect of the variocus adcdi-
tives is alse guite sigmificant from economic aspects, sincCe
the same specified strength can be achieved when using such
édditiues with a much lower cement consumption. Numerical

data of the economics are presented in the Table 2.7.

2,7 Properties of Stabilized Soil Mixtures

The properties of soll-cement mixtures vary with
several factors as mentioned in the above articles. Again,

when Rice Husk Ash is used as an acdditional admixtire the




Table-2,7 Data on the Cost Reducing Effect of Strength-
Increasing Additives (After Kezdi, 1979).
. Cement - Additive Relative Savings
=0il (wt., %) Additive guantity cement - ( (%)
(wt. %) additive
' cost
11.0 - - 1.00 -
551t 7.5 NaOH 0.8 0.98 2
5.5 Na,CO5 1.0 0.81 19
5.0 !\!&128[}(‘l 0.8 0.54 46
13.0 - - 1.0 -
7.0 NaZSiD3 1.0 D.QB_ 4
Silty| 10.5 Call, 0.6 0.83 11
sand .
8.0 NalOH 0,5 0.85 14 -~
9.5 N82504 0.5 Q.81 15
Silty 18.5 - - 1.0 -
Sty 430 NalH 1.0 0.81 13
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SituatiDn becomes r3re CDmpiex since a few literature is
available to account for_bpobable action of RHA, Again ash
has the variability in its cwn properties., Lonsidering all
these factors together, it is not possible to list SpeCifiP
values representative of the several properties. However,

in the laboratory, it is possible toc control the test condi-
tions in accordance with the standard methods. Accordingly,
‘the strength characteristics, durability, volume and moisture
change ;haracteristics, plasticityland moisturé-denéity
relétionshibs of thertreated soii will be discussed in a

limited range in the follouwing articles,

2.7.1 Compressive Strength
i
Evaluation of stabilized s0il with admixture like cement

is widely made with thew’hglp of compressive strength of
stabjilized mix. It serves as an indicator of the degree of
reaction of the soil-cement-water mixkure as well as an
indicator of 'setting time' and 'rate of hardening'. For
normally reaciing granuliar soils, it serves as & criterioen
for determining cement reqguirements for the construction of
soil-cement, In Britain, usual practice is t0 specify the
desired stabilities of most scil-cement mix in terms of
minimum unconfined compressive strengths. The most recent
specification for soil-cement reqguire a minimum 7-day value

of 400 psi for moist-cured cylindrical specimensS having &
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:height/diametef ratio of 2:1 and 500 psi -for cubjcal
Speciﬁens (Mimistry of Transpert, 1968). Portland cement
Association (1956) established the range of compressive
strength of cement treated soils under three broad textural
soils groups - sandy and gravelly soils, silty soils and.
clayey so0ils as shown in Table 2,8, The cement contents of
the soil-cement mixtures for which strength values are given
are those whichrwill SatiS%y tﬁe accepted stability criteria

for soil-cement.

Table 2.8 Range of Compressive Strength of Soil-Cement
(PCA, 1858)

Compressive strength, psi

Soil type

7 days 28 days
Sandy and Gravelly soils:
ARSHU group A-1, A-2,A-3.1 355 gy 400-1000

Unifified group GW,GC,GP,
GM, Sw,St, Sp, SM.

S5ilty soils: -
AASHU group A-4,A.5 ' 250-500 300-800
Unified group ML and CL

Liayey soils:
AASHU group A-B,A-7 200-400 250-500
Unified groups MH,CH.

PCA (1953) reguires that the stabilized material should

be gvaluated Using the compressive strength criteria given

in Figs. 2.7 and 2.8,
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Balmer (1958) and Christensen (1963) found that
addition of cement increases both the angle of friction
and the cohesion. At lower cement contents, the strength
increase is mainly due to increase of angle of internal
friction whereas the same at higher cement content is due to
increase in cohesion. However, the rate of increase in
cehesion.and angle of internal friction depends on soil
type and curing perioa. | )

Rajan et al (1982) found that Rice Husk Ash, to a
cerfain extent cuntribut;s to the development of strength
when used as a secondary additive along with lime and cement.
They also indicated that RHA may be acting as pgzzolana
for the improvement of strength behavier of a highly organic

soil, black cotton soil .in India.

2,7.2 Durability

¥

Durability of soil-cement mixture is its resistance

to repeated drying and wetting or freszing and thawing.

In the United S5tates, the desired cement coptent is
normally selected tp meet durability, Portlanc Cement
Association (1856) gave a table for maximum soil-cement
loss in the wet-dry or freeze-thaw test as shown in

Tabie 2,8+

Kemahlioglu et al (1867} concluded that a minimum

compressive strength reguirement would not necessarily

N
.hQ% 
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Table 2.9 Soil-Cement ioss Criteria (After PCA, 1956)

AASHD soil groups: Freeze-thaw and wet- dry
losses (%)

A-1-a, A-1-b, A-3, - 14

A-2-4 and A-2-5

A-2~6, A-2-7, A-4 - 10

and A-5

A-6, A-7-5 and A-7-6 : -7

}esult-in the most economical cé%ént rEquiremenf due to the
fact that different soil-ceméﬁt.mixtures exhibit different
strengths at similar degree of durability. Another interes-
ting conclusion by them was the minimum compressive strength
required for various AASHO SDll groups to meet PCA criteria
when applied through wet-dry test (1 e satisfying maximum
s0il-cement 10Ss criteria of PCA) is not a constant but
probaﬁly varies és a function of other parameters (i.e

physical, chemical properties ete.).

No information is available for effect of RHA addition
on durability of soil-cement mix. However, Ghosh et al {(1575)
reported better performance of lime~fly ash stabilized allu-
vial soil with 40 percent sand content in wet-dry test. They
found that & higher curing temberatupe than room femperature
is especially helpful for the fly ash-lime stabilized allu-

vial so0il to perform better,
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2.7.3 Volu e and Moisture Changz

The Qolume and moisture change of soil-cement mixtures
are of particular importance with respect to pavement crack-
ing. Crack formation is a patural Characteristics of soil-
cement mixes whose tendency to crack is related to strgngth,

although this relation is not yet-fully understood,

Apart from fractures due to léading, eracks are caused
by volume changes which may be duertﬁ three effects : water
cohtent, tempefature changes and fieezing. If a cohesive
Soil is treated with cement, then the Shrinkage'due to water-
content varijation of the so0il-tement thus obtained will
Certainly..be less than that of the original soil. Shrinkage
decreases with increased cement content, owing to the ‘
development of a éoil-cemént matrix (Millis, 1947 and Jones,

1958), uitﬁ the increase ib'cement pbntent, the soil-cement
matrix assumes more stébleaconfigurétion resulting in dec-
reased shrinkage. If an the other hand, cement is added to
& soil which is not liable to volume Change by itself, the
volume change of the product will be greater. This happens

because of the shrinkage during the cement hydration (Kezdi,

1379),

’ The volume change of soii cement is determined by the
usual wetting-drying test method through direct volume
measurement or by lineaf measurement of height. Cement
addition has been séen to feduce the specific volume varia-

tioen up to 33 or even 50 percent. Fig. 2.9 illustrates the

reduction of linear shrinkage in three different cohesive soil.




Another reason for the volume change of cement soils
is temperature variation. According to measurements performed
in India, the thermal expansion coefficient depends on the

cement content and density (Kezdi, 1879).

If t: 2 water change in soil-cement mix is excessive, a
pumping action results in the pavement, The water movement
breaks doun the intergranular cement bonds and the strength

rapiocly decreases,

2.7.4 Plasticity

If a plastic soil is treated with cement, its plasticity
index decreéses. This effect is refiécted by the different
types of failure encounteéred in Suth cases. The prastic limit and
1iqﬁiﬂ_limit;gge-ﬁgﬁéfmiﬁed¢py:Htﬁgrbexgulimit test on:hardened
soil—cément mixture. The test methoa.usually consists of
mixing the soil -cement, campacting;it in the standara method,

then storing the specimen for 7 days, drying and performing

the Atterberg 1limit test with the pulverized stabilized soil.

Felt (1955) showed that plasticity index of the granular
soil decreases when treated with cement (Fig. 2.10). He

conducted experiments on a typical so0il -having the following

grading:

o Percent
Gravel (retainesg on No. 4 sieve} 15
Coarse sant (No, a‘to 0.25 mm) C 43
Fine sand (0.25 ﬁﬁ to 0.05 mm) 8
5ilt (0.05 mm to 0.005 mm) _ 1B

Clay (less than 0.005 mm) 18
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Atterberg limits determined after hydration period of ¢

days, Maximum cement content for soil cement was & per

L]

cent by weight.

Generally, cement changes the plasticity of soils by
increasing the plastic limit, As a result the rénge within
which the soil is plastic is reduced, Willis (1947} shouwed
that the cement admixture reduces slightly the liguid limit
of mixtures made from soils having liquid limit greater than
40. He also showed that 1iquid limittincreases for soils

having liquid limits less than 40 when treated with cement.

Ne published information is yet available about the
probable effect of RHA on plasticdty characteristics of soil.
However, information is available for fly ash. Ghosh et al
(1975) reportec that alluvial soil when treated by lime and

fly-ash-shows slight inCrease in plasticity.

2.7.5 Moisture-Density Relation

The optimum moisture content and maximum dry densities
(found from Standard.proctor or standard AASHTO method T84}
influence the compaction characteristics of cement-tresated
solls. Generally, for cement-treated soils, these two date
can be said to vary only slightly from those obtained from
untreated basic seils. Howeuef, t%ere is exception of this

behavior. -~

With the addition of cement, maximum dry density of

sand increases, No change is observed for light to medium




Clays whereas it increases slightly for fat clays; For
silts, density decreases on treatment with cement. Small
thanges can also be observed in the optimum raisture

content. This can be best illustrated by Fig. 2.11,

Another conseguence of cement addition to the soil
is much more sensitivity to water effects, i.e. the two
branches of the proctor curve run much closer to each other
thén_in case of untreated soils and therefore, certain
specified dry densities are attainable over a much marrouwer
moisture content réngea.

L]

2.8 Summary of the Literature Revieuw-

From the aboye literature review the important points
P

may be summarized below:

i) Cement canrbe used successfully fDr stabilizing
.sénds and silty soils whereas for increasing clay
tontentein:the:suilvexcessive cemert is warranted.
Since Rice Husk Ash possesses the properties of a
reactive pozzolanic material, it can be usec as an

additive to cement in soil-cement stabilization.

ii) Durability of soil cement mix is influenced by the
soil state and the density, Different soil-cement
mixtures at the similar degree of durability may

exhibit different strength.

iii) For a specific compactive energy, and for sand,

compressive strength increases with increasing
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iv)

v

vi)

vii)

cementhcgntentr For medium clay and silty clays
result is promising upto certain cement content.

The compressive strength decreases with increasing
perﬁentage of fines, The compressive strength is
strongly influenced by density. Compressive strength
of soil-cement mix can be increased by additives

like compounds of alkali metals in small amount,

Volume change of soil-cement mix depends on the

soil type and cement content. Cement-treated clayey

s0il éhoms reduced shrinkage, But in the case of

non-cohesive soll which has little or no shrinkage
in untreated condition, the addition of cement
results in am.increase in shrinkage due to develop-

ment of cohesion. g

In cement-treated soil mixtures, the plasticity index
reduces with increase in cement content. Cement incre-
ment increases the plastic limit thus reducing the

range within which i%.is plestic.

When compactive effort is held constant, density
varies with the variation of moisture. LCompressive
strength increases to a maximum at slightly less
than optimum moisture content FDr'sandy:énd.silty

s0il and greater than optimum for the clayysoil,

Degree of pulverization, organic matter content in

soil and curing conditions also influence the

strength and durability of scil-cement mix.




CHAPTER 3

THE RESEARCH SCHEME

3.1'Introduction

For efficient and economic application of stabilization
technique it is essential to understand the basic mechapism
of the process, The broad objective of this researcn is to
experimentally review various aspects of soil-cement stabi-
lizafion with Rice Husk Ash as an additional aamixture and/or
partial replacement of cement applied to some typical alluvial

soils of this country.

5.2 Ubjective of the Research

Though soil-cement stabilization is widely used practice
around the world,.little published iﬁformation is available
about soils of Bangladesh. Rice Husk Ash (RHA) has been in
use and experimented in neighboring'countries of Bangladesh
in stabilization of soils yith lime and in masonry work in
addition to cement or as an independent cementitious material
but it is not familiar with the researchers of Bangladesh.
This research work has been undertaken to achieve the folleow-

ing objectives:

i) To evaluate the potentiality of using reactive RHA

with cement to stabilize alluvial so0ils in Bangladesh,

ii) To investigate the effect of cement and RHA admixtures

on the durability of the stabilized mix.
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(i)

iii) To investigate the effect of {HA adgition on

compressive strength of cement stabilized soil,

iv) To investigate the volume change characteristics
of the stabilized so0il on addition of cement and

RHA,®

v) To evaluate the effect of addition of RHA on the

piasticity characteristics of cement stabilized

s0il.

vi) To investigate strength and plasticity characteristics

of RHA stabilized so0il.

3.3 The Test PrOQIamf

1 .
The whole research was divided into the following

1

phases:

i). In the fifst phase, indéx properties of the soil
samples were determined in order to classify them. The pH and
organic matter-content of the soils were also determined.
From these tests the suitability of the soils for cement
stabilization were ascertained following Tecommendation of

Indian Road Congress.

ii) In the second phase, first the moisture-density
relatidnsﬁips of the soils were established. Then durabili%y;l
strength and plasticity characteristics of cement stabilized
soil werereualuated by wetting-drying test, unconfined compre-

Ssive strength test anc Atterberg limit test respectively.
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iii)} In the third phase, Rice Husk Ash was produced in

the laboratory from Rice Husk,

iv) In the final phase, the soils were stabilized by
cement and RHA. The admixtufe content was.that satisfying
the soil-cement loss criteria given by Portland Cement
Assocjation. Cement was replaced by ash in three definite
proportion whilé keeping the total admixture content constant.
The durability, strength and plasticify characteristics of
cement-RHA stabilized soil were evaluated, Also attempt was

made to stabilize soils by only RHA.

The experimental program followed is illustrated by flow

chart shouwn in Fig. 3.1.

3.4 Methodology df.Test Program

The soil Sémples were selected for research after
concluding index pioperties test and the pH and organic matter
content determination fellowing the Indian Road Longress
recommendation for soil-cement stabiliza?idn. They were
subjected to compaction test to find.optimum moisture content
and maximum dry density. The samples were then tested for
unconfined compressiDA at maximum ﬂry density. Next, the
soils were stabilized with Cemént using cement contents of
2,4,8,8, and 10 percent by weight of air dried so0il and
éubjected to wetting and dfying test. The mimimum cement

content required to satisfy the soil-cement loss criteria
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given by Portland Cement Rssbciation was found out to be

10% by weiéht of air -dried soil for both the soils. The
stabilized samples with Cement cgatents of 2,8 and 10 per
cent by weight of air dried soil were tested for unconfined
compressive strength. Rice Husk Ash (RHA) was produced in
the laboratory from Rice Husk and analyzed chemically to
éetermine its constituents. The soils were latter stabilized
with admixtures of Portland Cément and RHA at optimum moisture
content, keeping the total amount of admixture equal to the
cement content found in wet-dry test., Cement was réplaced

in the teotal admixture content of 104 by wt, by RHA in the
proportions of ¢ ment to RHA, 3 to 1, 2 to 1 and 1 to 1 by
weight while Kee¢ ing the tétal amount of admixture equal to
10% by weight of air dried soil. This cement-RHA stabili;ed
samples were testecd to eu?luéfe plaéticity characteristics,
'HUrability and uﬁconfined\compressiue'strength by Atterberg
limits test, wetting and drying test anc test for unconfinec
compression respectively. A total 102 number samples were

prepared for unconfined compression test, 14 nos., for plas-

ticity test and 32 nos, for durability test.

3.5 S0ils Used

In this research, s0il samples were collected basing

“

on study aof geology and soil formation of Bangladesh. As

outlined in Chapter 1, soils from Jamuna land systiem were

collected for this research.
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Four soils with varying index properties were preli-
minarily selected for this research, Two of them were
discarded after index properties test and the pH and organic
matter content determination, They were found unsuitable
for cement stabilization according to recommendation of

Indian Road Congress (1873),

The rest two were selected for research fOllOuinQ
recommendation Df Indian Road Congress, Out of thé selected
tﬁo, one was coliected from Nayarhbat in Dhaka District and
another from Kaliakoir in Gazipur District, These Fwo samples
were collectec from the borrow pits of two local unpaved
roads connecting main highways with the interior growth

Centerg.'The s0ils were cdesignated as follows:
S0i1-A Collected from Nayarhat, Dhaka.
Spil-B Collected from Kaliakoir, Cazipur.

The properties of untreated s0ils are presented in Table 3.1

and grain size distributjon curves are shown in Fig. 3.2,

1




Table 3.1 Properties of Untreated Sojls

S50il property So0il-A S0i1-B
Textural composition (MII;'ClaSSificatiOn):

Sand, % (2 mm -.,06 mm) 14 6.5

Silt, % (.05 mm - .002 mm) 86 89,5

Clay, % ( <,002 mm) 0 4,0

Percent passing # 200 sieve g5 898.0
Materials smaller than 0.05 mm, (%) 81 84.0
Atterberg limits and indices:

i) Liguid limit, % - 33.0
'ii) Plastic limit, % - 27.5
iii) Plasticity index, 4% - 5.5

Natural moisture content, % 26 23,0
Specific gravity 2,63 2.68
Engineering properties: - :

Uptimum moisture content, % 15 1B ]

(Standard Proctor or AASHTO)

Maximum dry density, pcf - 98,5 104,86

Unconfined compressive strength, psi 9.67 11.23

Chemical properties:
EH Ted 6.6
Urganic matter content, % a.71 .62
Clessifications:
AASHTO/AASHU A4 A.a(0)
Unified/ASTH ML ML
General rating as subgrade:
ARSHTU/AASHG Fair to Fair te
. poor poor
Unified/ASTM Not suit-| WNot suit-
‘ able able
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CHAPTER 4

LABORATORY INVESTIGATION

4.i Introduction

The investigations in the laboratory were conduCted
in accordance with the program outlined in Art. 3.3, The
details of the experimental procedure are discussed in this

chapter.

4,2 Test Procedures for Classifying So0il and for Determination
of Suitability for Cement-Stabilization
These tests were done to ascertain the classification
uf soils andoto determine the pH value and amount of organic
" matter present in them. The results of these tests.are
combined to find out the suitability of the soils for cement

stabilization following recommencation of IRC (1873).

The details of the tests are outlined in brief as

follows:

4,2,1 Test for Index Properties

Test for Index Propertieszof the s0ils were determined
according to procedures specified by the American Associa-
tion of State Highway and Transportation Officials (AASHTO)
and the American Society for Testing Materisls (ASTM). The

[

following table shows the standard methods followed:




Property of so0il AASHTO standard followed
Liguid limit 789

Plastic limit and plasticity

index ' T80

Grain size distribution T88

Amount of materials finer than

na, .200 sieve T11

In addition, ASTM D2216-71 and AASHTO T100 were followed
for determination of. natural moisture contents and specific

gravities of the scils respectively.

The soils were then classified according to AASHTO
M145-439 and ASTM D2487-8Y (1875) standards., The test results
along with their clessificatien and grain size distribution
are presented in Table 3,1. The grain size distribution

curves have been shown 'in Fig. 3.2,

4,2,2 Test for Chemical Properties
The following chemical properties were evaluated:

i} pH value

ii) Organic matter content.

The pH value of the soils were determined by pH incdi-

- cator paper by inserting & strip of indicater paper into

the wet s0il for one minute. The wet reverse side of the

paper was then compared with the colour scale.

For determination of organic matter. contents in the

soils, Hydrogen Peroxide was used. Uxidized soil samples
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on addition of Hydrogen Feroxide. solution was washed and
the percentage 1oss of the sample after filtration was
reEOrted as organic matter content, The\organic matter
content of each soil was less than 1 per cent.
‘

4,35 Moisture-~Density Relation

Moisture-dehSity relationships for the so0ils were
determined apqordiﬁg ta AASHTO Method TS89, For compaction
of the soils, a cylindrical mold of 4 inch diameter and
4,6 inch height was used, The weight of the hammer was 5.5
lbs and the height of the drop was 12 inches, The mold uwas
filled with so0il in three approximately egual laye?S. Each
- T layer was compacted by 25 blows of the hammer. Air-dried

samples passin& through No, 4 sieve were used for compaction.
For cement-treated soils AASHU method Ti134-61 was followed.
The results are shown in Fig. 4.1. From the moisture-

density curves of Fig., 4.1, optimum moisture contents and
corresponding maximum dry densities for the soils uwere

cetermined,.

4,4 Properties of Lement-Used for Stabilization

For thissresearch, Urdinmary Portland Cement Type=1 uwas
selected, AS5TM Standards 1979(b), C187-73, C191-77, C180-77
and £108-77 were followed for determination of normal can-
sistehcy, time-of Setting, tensile strength and compressive

stfength of the cement respectively.
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The resulis are presente: below:

i) Normal consistency is 265k,
ii) Initial setting time is 2 hours 15 minutes,
iii)} Final setting time is.3 hours 10 minutes.
iv} Tensile strength of standard briguettes are 250,
340 and 400 psi for 7, 14 and 28 days respectively.
v} Compressive streﬁgth of Z-inch, standard cube
specimens are 2580, 4525 and 5255 psi for 7, 14 and

28, days respectively.

4,5 Production of Rice Husk Ash

Rice Husk, & by-product during production of rice from
paddy, was procured frup rice mill, The dry husk was taken
in a cylinder made from steel plates with one end closed,
i The diameter of the cylinder was 1.ft and height 2 ft, In
cach batchy,around 20 1bs husk was taken. The cylinder with
husk filled in was placed in a gas-fired 'pit' furnace lined
by refractory bricks with air blowimg_arrangemenis, There,
the husk was burnt for 2 hours at 750°-800°C. The temperalure
within the furnace was measured by a thermo-couple arrenge-
ment, Temperature within the furnace was regulated by regu-

lating both the gas burner and the air blower.

With this burning the husk was converted to ash with
high carbon content. This was ascertained by'uisual iden-

tification of black ash. This ash was then tramsferred to a
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saucer-shaped countainer to provide a larjer surface area

of qsh exposed to air anc burnt in open-air by a controlled
gas-burner. The temperature was time to time checked by
thermo-couple arrangement, This operation was continued for
3 hours keeping temperature within the ash at 500°C-525°C.
It was noted that rice husk was a self-burning material,
Burning was discontinued on visual identification of ash.

~i.e. when the black ash was converted to mhite ash.

It was then cooled and ground in ball-mill for half
an phour, The ground ash from ball-mill was passed through - i
No, 200 sieve. About 4 1lbs of ash passing No. 200 sieve

was produced,
The same process was continued for another batch.

The ash passing Np.1200 sieué’was chemically analyzed.
The silica content‘of the ash was found to be quite high
and it was mixed with ordinary Portland cement in threee
definite proportions to produce RHA-Portland cement blendced

admixture Tor stabilizaticn.

The whole process is shouwn in a flow-diagram in

Fig. 402’
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4,6 Constituents of Rice Husk Ash Used

Rice Husk burnt according to the procedure described
in ‘Art, 4.5 was chemically analyzed at the Housing and
Building Research Institute. The results have been shouwn

below and represent average of two determinations.

Eonstifuent present Fercent by weight
Si0, g1.08
AléUB 0.56
Fe,0 0.60
CaC 1.23
MgO ' 1.30
Loss on ignition 5.23

The Tesults show that Rice Husk Ash produced contains a

High amount of 5£lica. From the literature survey, it is
clear that silica produced at high temperatﬁre by burning
Rice Husk is reactive and the ash as & whole acts as a good
source of pozzolanic material, Accordingly, RHA produsecd

in this research would act as a pozzolanic addition to cement

- in cement-RHA stabilization of local silty soils.

4,7 Tests on Stabilized Soil

A biref description of the tests done to find the :
properties of the stabilized scil as mentioned in Research

Scheme are outlined as below:
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4,7.,1 Wetting and Drying Test

This test is aimed at testing the reaction of the

stabilized soil to the eff:ct of repeated drying and wetting.

The samples were prepared by compaction following AASHU
Method T99. Dimensions of the sampies tested wereidenticall:
to those of the standard proctor: molds i.e. 4.0 inches in
diameter and 4,6 inches height. The air dried soils WETE
passed through No. 4 sieve. Air-dry moisture contentuas
calculated, For cement stabilized éamples, cemeﬁt.contents
of percentages of £,4,65,8 and 10 by weight of air dfied soil
were used, For cement-RHA stabilized soil, total admixture
content was taken as.10% by weight of air dried soil. The
Opélmum moisture conteﬁté for unﬁrgated soil and cement-
treated soil vary slightly (Fig. 4,1), The moisture CDnteﬁt
taken was that cbeESponding tO'DptimUm moisture content

calculated by AASHO Method T899,

In order to attain thé requifed moisture content, the
water reguired in addition to air dried state was calculated
and for cement stabilizec soil, an additional amount of
water with previous amount for hydration were added to the
s0il and the admixture. For hydration of cement water

required was 38 percent by weight of cement (Shetty, 1982).

For cement-RHA stabilized soil the adoitional water
was assumed equal to that reguired for only cement (No litera-

ture is available describing the exact amount of water

required for hydration of Rice Husk Ash)., For each cement
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~antent or cement-RHA content, & lbs of s0il sample was

taken and the required amount of water and admixture were
added. The mixture was compacted according to AASHU standard
799 except that the surface of each comﬁacted layer uwas
roughened prior to the application of the next by scratching
a square grid lines 1/8 inch wide and 1/8 inch Geep having
approximately 1/4 inch spacing. During combaction‘the water
content of a representatiuelsample was determined. Afterr
compaction, the mold was weighed for determination of density.
The compacted sample was then extracted from the mold by

an extrudzsr,

Each test reguirec two samples: cone for testing the
Uolumeland moisture changes. While the second wasused for
soil-cement loss determihation. Thg reédy-made samples were
weighea and stofed for 24 hours iq:humid sorrounding. Then
the samples were cured fér 7 days;in desicator, keeping the
saéples over a filter paper just touching the water below.
Weight and dimensions are checked in curing period. Following
the 7-day treatment, the samples uwere submergec in tap water
for & hours at room témperature; leaving a water layer of
1 inch above them, After remoyél the weight and dimensions
of specimen No. 1 were checked, then both samples were

placed into an oven at 71°C for 42 hours. This was followed

by anether weight checkythen specimen No. Z was.brushed by

standgard AS5TM brush by eighteen to twenty strokes on sides
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and four on each end. The force applied was 3 1bs and it
was done on a consolidation-test-machine platform. Finally

a third weighing was performed o determine the weight loss,

The operations enumerated :epresent a single durabi-
lity or wetting-drying test cycle, 12 cycles for each sample

performed,

Thereafter, volume and moisture change were calcljated
as a. percentage of original velume and moisture content, The
soil-cement loss was expressed as a percentage of the original

oven dry weight.

The results of wet-dry test using cement stabilized
samples were interpreted to calculate the minimﬁm cement
content i.e the minimum cement cohtent satisfying the
Portland Cement Association soil-cement loss criterion.

This Eement content was taken as tﬁe total admixture content
in strength test and dUIébility test using cement-RHA blended

admixture.

The results of the wet-dry test for soil-cement and
for soil-cement-RHA have been shown in Figs. 5.1 to 5.8 and

tabulated in Appendix in Tables A.11 to A.14,

4.7.2 Unconfined Compressive Strengih Test

This test was done t0 determine the unconfined compre-

ssive strength of the soils.
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The soils were air dried fiﬁst and then broken douwn
to .pass No. & sieve. Air dry moisture content was calculated.
For cement stabilized soil, cement contents used were 2%,
8% and 104 by weight of air dried socil., For cement-RHA
stabilized soil, total admixture content was taken as 104
by weight of air dried soil, Moisture content was the optimum
moisture content calculated by AASHO method T83 for untreated
soii. It may be noted that optimuﬁ moisture_contents deter-
mined by compaction test (AASHO Method T134-51) on cement
treated soil vary slightly than those of untreated soil

(Fig. 4.1).

Thelmolding moisture content for cement-treated soil
was calculated summing the water reguired in'additian to
air-dried state and that;rEqured for cement hydration. .
For hydration of éement, water required was 38 per cent by

. weight of cement used (Shetty, 1982). For cement-RHA stabi-

lized soil, the additional water was assumed to that reguired

for only cement, though this assumption reguires verificaticn,

Ffor each batch,ra 1bs of s0il samples were taken and mixed
manually with the required amount of moisture and édmixture.
Immediately after mixing, the mixture was compacted following
AASHTOD standard T893, After compaction, desnsity uaé.determined
by wéighing the mold with the compacte& soil. This is the
malding'density. For molding moisture content determination,
around 50 gms of sample from the mixture was taken. The

compacted sample was then extracted from the mold by a jack.

s




From each compacted sample, 2 to 3 cylindrical samples of
1.4 inch diameter & J 2.8 inch height were trimmed off by

a8 piano wire.

These samples were then transferred to ardessicator
to store in moist environment for 24 hours apd then cured
for 7, 14 and 28 days. Curing was done by placing the
samples on a filter paper ﬁlaCed on the porous plate in
the dessicator,., Water was added so that the filter paper
became.saturated and water level was always maintained just
in touch with the filter paper. It was expected that the
samples would draw water {rom the dessicator by capillary

rise and got cured,

The unconfined compressive strengths for 7, 14, and
28 days were then determined following ASTM standard
02166-66 (1972). Failure moisture contents were also deter-

mined,

The results are presented in the next chapter in
Fig. 5.11 fo 5.20 and represent average of two test results.
The details of the results are taﬁulated in Appendix in
Tables A,1 to A,4., The variation of density with cement
content has been presented in Fig.5.21 and the effect of
RHA on density has been effect of RHA on density has been
shown in Fig. 5.22. The corresponding results are tabulétéd

in the Appendix in Tables A.7. to A.3.
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4.7.3 Plasticity Index Test

Plasticity index of cement-treated and cement-RHA
treated soils were evaluated by performing Atterberg limit
tests on the air-dried pulverized samples. The treated soils
were compacted following AASHTO Method TS3. The compacted
samples were cured in moist environment for 7 days and
air-dried, The dried samples were pulverized to pass through
ND. 40 sjieve. Liguid iimit and plastic 1limit tests were
performed.on these pulverizéd soils following AASHTC Methods
789 and T80 respectively. The results are presented in the

next chapter in Figs. 5.23 to 5.26 and are tabulated in.

Appendix in Tables A.8 and A.10,




CHAPTER 5

RESULTS AND DISCUSSIUNS

5.1 Introduction

In this chapter, test resulté of the research are
presented and discussed in details. These results would
demonstrate the effect of admixture i¢e.cement and rice
husk ash on the durability, strength, volume ampgumoisture
change and.plasticity characteristics of the stabilized

soil.

5.2 Wetting and Drying Test

The results of the wetting and drying test are presented

in the following -articles:

5.2.1 Minimum Cement Content

Minimum cement content required for soil-cement mixture
was ascertained from the results of the wet-dry test., Combi-
ning wet-dry test resulis with the results of thé unconfinec
compressive strength test, cement contenit can also be esti-
mated by Louisiana Slope Value Method, Kemahlioglu st al
(1967) together with corresponding unconfined compressive

strength.

Fig. 5.1 shows the relationships between soil-cement
loss and cement content for So0il-A and S0il-B, It indicates

that the higher the cement content, the lower the soil-cement
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loss in wet-dry test. According to AASHO classification,
Soil-A is a soil of group A-4, The Portland Cement Associa-
tion (PCA, 1856) suggested that a maximum of 10 percent
loss of soil-cement in the wet-dry test is allowable for
'this type of soil., Fig. 5.1 shouws that addition of 7.9
percent cement in this soil would result in a durable soil-
cement mixture satisfying PCA criteria. This result also
supports the recommendation of Catton (1940) who tabulated
that cement réquired by AASHD A-4 group-soil is within the

range Of 7-12 percent by weight for stabilization.

From AASHU classification, 50il-B is also a soil of
A-4 group with a little plasticity. Cement requirement
satisfying PCA (1956) soil-cement 1o0ss criteria in wet-dry
test is 8.3 per cent which is within the range of cement

content recommended‘by Catton (1940).

Hence it can be said that these two silty soils
exhibit similar degree of durabtiliity at about the same

cement content.

Again the results of wet-dry test for two silty
alluviel soils of Bangladesh used in the present research
confirm the validity of recommendation of PCA tu be applied

through the wet-dry test,

?ig. 5.2 shows:zthe relaticnships betueen the soil-

cement loss in wet-dry test and amount of rice husk ash in

total admixture for soils A and B, The figure indicates the
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effect of replacement of cement by rice husk ésh (RHA) in
total admixture safisfyiﬁg PCA criterie of soil-cement loss
in wet-dry test for soils A and B, It is seen that soil-
Cement loss increases with increasing ash content in total

admixture,

Taking the same criteria of loss as used iRnsoil-
cement mixtures, it is found that for Soil~A, 28 per cent
Cement by weight can be replaced by RHA. For S0il-B, 38
per cent by weight RHA can be incorperated in a blended

admixture of cement and RHA for satisfying the same criteria.

Fig. 2.3 and 5.4 show the determinatioﬁ of minimum
cement content required for satisfying PCA Soil-cement loss
Criteria for Soil-A and SDil—BirESpECtiUEly by -Louisiana
Slépe Value Method (KemahliOgiu et a;, 1967). The cement
content aﬁ which the less line cuts'the allowable PCA

Criteria line (as points a, a, in Figs. 5.3 and 5.4) is the

1
minimum cement content. Corresponding unconfined compressive
Strengths can be found on strength line (as pointe o, b, in

Figs. 5.3 and 5.4).

S50 as before, minimum cement contents by this method
for So0il-A is 8.1 per cent by weight and for S0il-B is 8.5
per cent by weighﬁ. The gor555ponding 7-day dnconfined
COmpression are 86,9 psi for Soil-A and 112, 25 psi for

Soil-B,
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Figures 5.5 and 5,6 illustrate the deterﬁination of
“amount of ash in a blended admixture of RHA and cement
satisfying soil-cement 1l0ss criterion given by ﬁEA using
Louisiana Slope Value Method, As before, it is seen that
28 per cent cement for S50il-A and 36 per cent cement for

50il1-B can be replaced by RHA satisfying the same criteria.

It is seen that So0il-A and Soii-B reguire almost same
amount of cement for stabilization to satisfy durability
criteria, From AASHO classification, it is found that they
are both from AASHO soil group A-4., This confirms the repor-
ting of Catton (1940) that different AASHO soil groups
require cifferent amount of cement and cement content requi-

red by soils of same group ranges within a tolerable limit,

Again, it is found that more cement can be replaced
by ash for S0il-B than Scil-A, Since Seil-B contains four

percent clay, ash may be more reactive to clay fraction.

5,Z.2 Moisture [Lhange

Maximum moisture content is the highest amount of
water held up in the sveil sample during its cycles of wettinc

in wet-dry test.

Figs 5.7 shous the‘maximUm moisture contents for Soil
A and B against cement contents. It is seen. . that moisture
content increases for higher cement contents. From Fig. 5.7-

it is seen that for Soil-A maximum moisture content in wet-dry
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test occurs for 10 per cent cement content which is about
25.2 per cent. Failure moisture content of unconfined compre-
ssion test samples of this soil after 28-day curing stands

at 29.8 ﬁer cent (Table A.1). For 50il-B, maximum moisture
content in wet-dry test is 28,70 per cent {(Table H.S) and
failure moisture content of unconfined compression test'
sample after Z28-day curing is 29.46 per cent (Table A.3).’

So it is seen that failure moisture contents in upconfined
compression test are well above the maximuﬁ moisture contents
in wet-dry .test. So strength test results are representative

for a situation when road subgrade or sub-bases are completely

submerged.

. ' ’ Fig. 5;8 shows the maximum moisture contents in So0il-A
and B:when stabiiized with RHA anﬁ cement, Iﬁ is Seen that
maximum moisture caontent iﬁ wvet-dry testifor Scil-A is
31.41 per cent (Ref. Table A.B) and failure moisture content

in unconfineod compression test is 33.09 per cent (Tabie A4.2).

) =1

0il1-5, maximum moistire content is 2E8.% ser cent in
i

!

[Shy
wet'-dry-test (Table A.5) and that in utnconfined compression
test is 30,33 per cent (Table A.4), So maximum water content
in ‘wet-dry test lies wall below the failuré moisture content
in unconfined compressiue Strgngthrtest, S0 strength test
results using cement-RHA admixture are also representative

considering moistdre change.
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5.2.3 Volume LCh. ge

The relationships between volume chamne and per cent
of cement cont.nt for Scil-A has been shown in Fig. 5.9,
This figure also shows the same relationsnhips for Soil-B.
It is found that with the increase in cement content Sﬁrin-
kage occurs in both the s0il. This occurs due to shrinkage

during the cement hydration (Kezdi, 1979).

But on addition of RHA-cement blénded adnixture,
shrinkage decreases and volume increases with increasing
ash content (Ref. Fig. 5.10). The decreased shrinkage on
addition of RHA to cement may be due to the fact that fine
ash acts-as,a source of reinforcement in betuween the cement

setting work (SIRI, 1873).

However, the volume change in both cases is well below

2 per cent répDrted as requirement by Kezdi (1979),.

Sc rice husk ash addition decreases the snrinkage of

sgil-cement mix for alluvial silty soils,

5.5 Unconfined Lompressive Strength Test

The relatign between unconfined compressive strength
and cement content cured.Far ?;days, 14 days and 28 cays
are ﬁresented in ‘Fig. 5?11 for Seoil-A and in.Fig. 5.12 for
Soil-B. Figs. 5.13 and 5.14 sth the relation between uncon-
fined compression and curing period for Soil-A and‘SDil—B

respectively.
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Here it is seen that with inCreasing cement content
and curing period, the compressive strength inCreases, The
results confirm the experimental findings of Leadbrand (1555)
where he showed that the soil-cement continues to increase
in strength with age. Ramaswamy et al (1584) showed for silty
soils in Singapore that with increasing cement conteﬁt and
curing periodycement stabilized soil. continues to increase
in strength with agé.'ﬁhmed (1984) Showedlfor-a silty sand
of Bangladesh that addition of cement in increments and with
increasing curing period, the soil-cement continues to
increase in strength. However, a sil£y clay showed decrease
in unconfined compression due to acdition of 1/2% cement
by weight. But strength increaSEd appreciably on cement

‘addition of 2% and upto 15% by weight.

Both faor S5oil-A and for S50il-B, it is alsc seen that

~ano 10%
at €4/ ement content strength gain rates are similar while

AN
T

for cement content this rate is smaller for similar curin
pericds. This was also observed oy Ahmed (15&4) for a sand,
silt and silty clay in Bangladesh. This may happen due io

formation of stronger soil-cement matrix at higher cement

contents,

Table 5.1 shows the ratio of unconfined cempressive
strength of cement stabilized (UCC) S50il-A and S0il-B at 7,
T4,and 28 days to that of untreated soils (UC) respectively.

Figs. 5.15 and 5.18 illustrate the results,
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Table 5.1 Strength Gain of Cement Stabilized Soil Over
' Untreated Soil

Soil Cement UEC/UC
sample content(%) 7 days 14 days 28 days
3.42 4,92 1Lt 4
A 8 : g, 71 11.73 .90
10 11.48 14,10 18.65
5.16 7.32 11.43
B 8 9,14 ' 10,93 14,28
10 11.75 12,70 17,13

For Soil-A, it is seen that with the addition of a
small amount of cement (i.e. 2%) this strength ratio is
.42 ¥or 7-day curing period and 11.14 for 2B-day curing
period, For 10 per cent cement content, this ratic .is 11.48
for Y-day curing and 18.65 with 2B-day curing, 50 .t is |
clear that for this soil;_increasing cement content 5 times
does not prdUCe:that mucH inCrease in strengtin for higher

curing period,

For 50i1-8, the strength ratic at 2 per cent cement

Cay

e

! &

+

)

content is 5.16 for 7 day cusing periocd and 11,43 ¢
curing period., For 10 per cent cement contentrthis ratio is
11.75 for 7-day curing and 1%;13 for 28 day curing. Hence,

for this soil also, imcroease in cement content S times does

not produce that much strength gain for higher curing period,

‘However, for both the svils, appreciable increase in
p

stTength can be achieved by mixing a small amount of cement

(i.e 2%) and allowing it to cure for higher periods,




T

For the Soils-A and B, it is observed that for Soil-B
strength values are greater than those for Soil-A at similar
cement contents and curing periods. From textural combosi-
tion, it is seen that Scil-A contains 14% fine sand and
86% silt, and S0il-B contains 6.54 fine sand, 89,54 silt
and 4% clay;'Presenca Df‘a% cléy in 50il-B may contribute
to ité higher strength deuelophentrcompared to Soil-A,

Houwever, more tests should be done to establish this fact,

.This finding is similar to the observation by Ahmed
(1984) for two local silty soils. He found that between tuwo
local A-4 soils, one with 62% fine sand and 38% silt and
the other with Bi fine sand, 874 silt and 5% clay, the soil
w;th lower fine sand content ang yith certain clay fraction

showed more strength at similar cement content and curing

condition.

As mentioned in literatufé review, excluding the dura-
bility criteria, soil-cement mix is characferized by uncon-
fined COmprESéiDn values, PCA (1358) recommended that a
stabilized soil attain a range of strength as shown in
Table 2.2 . From‘the test results, it is seen that none of
the two soils in the present research satisfy the strength
criteria by PCA though they Sétisfy the durability criteria,
PEH’(1959) Uifferentiéte the strength criteria for soil-
cement mix into one as shown in Fig. 2.7 for s0il-cement

mix containing material retained on the No. 4 sieve and the
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Other as shown in Fig. 2.8 for soil-cement mix not contaj-~
ning material retained on the No, 4 éieue.VPCA (1959) reguired
that a minimum 7-day unconfined compression value of 250 psi
is to be attained for soil-cement mixtures not containing
material on the No. 4 sjieve and 50% of which are smaller

than 0.05 mm. No Specification is available for soils conta-
ining materjals more than 50 per ceﬁt.of'mhlch are smailer
than 0.05 mm. 1In this sﬁudy, both Soil-A and So0il-B have
mﬁre'than 50 per cent materials smaller than 0.05 mm .(Table

3.1).

Fig. 5.3 shows that the 7-gday unconfined compressive
strength of S50il-A for 8,14 cement content at which the
PCA Eriteria of soil-cement loss %s‘satisfieﬂ is only 86.9
psi. From Fig. 5;4 for- 50il-B, that anonfined compression
strength is 112.25 psi fOr‘S.E% CEmént contént. Tﬁus for
“both the alluvial soils the anonfined compfessiue strengths
are much below the range of strength mentioned in Table 2.8
Oy PCA. The relationships between the unconfined compressive
strength and the cement content (Figs. 5.11 ang 5.12) for
S50il-A and S0il-B indicate that a very high percentage of
cement would be required to satisfy the strength criteria-

@s specified by the PLCA resulting in uneconomy,

In the United States, the desired cement content is
normally selected to meet durability i.e. the implied assum-
ption is that strength needs will automatically be met .

(0'Flaherty, 1974). But this is not true for the alluvial
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silty soils of Bangladesh like those used in this research,
Though _the Soil-A and B meet the durability criteria set by
PCA, they failed to achieve the specified strength at the

same cement content,

The results obtained confirm the findings of Ahmed
(1984) who for two locally Selegtéd soil of types A-4 and
A-4(12) AASHO group showed that the A-4 s0il gained the
specified stfength value of PCA (1956) .at i3.90%'cement
content and the other wauld réqUire much higher cement
content. However, the A—4(12) soil cbntained about 4%
organic matter. This may be responsible qu lowef strength

of the soil-cement mix of this soil.

These findings also confirm the assertion of Kemahlioglu
et al (1967} that a minimum compressive strength reguirement
would not neﬁeséarily result in the most economical cement
requirement due to the %act that different soil-cement
mixtures exhibit different strengths at similar degree of

durability.

5.3.1 Effect of Addition of Rice Husk Ash on Strength of

Cement-5tabilized Scil

The effect of replacement of cement by Rice Husk Ash
in a blended admixture of cement and Rice Husk Ash on upcon-

fined compressive strength of Seil-A is shown in Fig. 5.17.

Fig. 5.18 shows the same-result for Soil-B. It is seen that
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strength development is comparable with that in cement
stabjilized soil. But with increasing ash content, strength
decreases and for lower curing period, né appreciable change
is observed.

Table 5.2 -Strength Gain of Cement-RHA Blend Stabilized
Soil Over Cement Stabilized 5Soil

Soil Total admix. | Cement: ' UCcia /UL,
ontent (i RHA -
sample | conten ;A)' H 7 days 14 days 28 days
_ 3:1 0.945 1.0 0.348

A 10 2:1 0.83 0.853 0.837
1:1 0,788 J.746 0.73
3:1 0.82 G.896 0,873

2] 10 2:1 .77 0,827 0.897
T:1 0.72 0.904 0.823

i

Table 5.2 shows the ratio of unconfined compression

(

blended admixture to that (UEC) of cement admixed soil,

QCRHA—C) of stabilized Soils A and B using RHA and cement
Figs. &5.19 and 5.20.shom those ratioc in a graphical form,

It is seen that for Soil-A, 25 per cent by weight of cement
can be replaced by RHA with only 5.5 percent cdecrease 1in

7-day unconfined compressive strength, and for 14-day uncon-
fined compressive strength, nolchange occurs., The test resultis
show that change is pronounced for ash contents higher than

25 per cent and curing'periods longer than 14 days,

For So0il-B, compared to Soil-A, louwer 7-day compressive

strength is obtained on addition of Rice Husk Ash. Houwever,
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for longer curing period and at 25% ash content, the results
‘are similar (Table 5.2). So it can be.said that for alluvial
silty soils of A-4 group,.25% ash content in a blended admix-
ture of cement and RHA for 54-day curing period produce

strength almost the same as that produced by cement.

5.4 Change of Maximum DOry Density of Stabilized Soil

The relationships betueen the maximum dry density
'(obtalned from compaction folloulng standard AASHTO Method
T98) and cehent contents are presented in Fig. 5.21. It may
be observed that for S50il-B, density decreaées with increa-
sing cement content. This may be due to the fact that floccu-
lationﬂof so0il particles on addition, of cement turns the
5Dil-cement métrix in fo a honeycomb structure. This results
in an increase in'uolume and in effect, decreased density
(Kezdi, 1979). This IESUl; ﬁanirmS the finding of Ahmed
(1984) who showecd that for an A-4(12) local soil, there had

been decrease in density with the increase in cement content

from 1/2% upteo 10% by weight.

For So0il-A, density décreases upto 4% cement content
and after that, almost no changes occur., This may be due to
the fact that cement addition upto 4% results in flocculation
which ié responsible for decreased density. But additiOAal
cement content does not result in any flocculation. So

density does not decrease further.
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-Fig.y5.22 shows the effect of addition of RHA on
maximum dry densities of soil-cement mix for Soil-A and
Scil-B. It may be observed that for both soil, the density ge-
creases with intreasing ash content in the blended admixture
of cement and RHA, It -may be noted that RHA has unit weight
1ess‘thaﬁ cement, So. presence of RHA in soil -cement mix

i

further reduces the density.

These results confirm the reporting of Williams and
Sukpatrapinomere (13871). Theyrused Rice Husk Ash as a
stabilizer on an embankment of a proposed highway. It was

found that low dry density was obtained on addition of RHA,

5.5 Plasticity Indices

The variation 5? tﬁe Htterbegé'limits and the plasticity
index with the incrementséof cemen#'contents is shown in
Figs. 5.23 and 5.24 for Séil—B. For cement stabilized soil,
it ishseen that the plastic limit and liquid limit increase
with inmcfeasing cement content. But increase in plastic limit
is appreciable resulting in decrease in plasticity index
at higher cement content, Felt (1955) found for & soil with
18 per cent clay that fhe plastic limit and the ligquid limit
increases and the plasticity index reduces considerably
(Fig.é‘1D). Redus (1958) also showed that with incréase in
ceﬁent content anc for longer curing period, plasticity index

reduces. Ahmed (1984) showec that for sandy silt and silty

clay plastic limit increases on addition of cement,
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.Fig. 5.25 shows thaf addition of rice husk ash initia-
r;ly decreases the liquid limit and plastic limit of cement-
RHA stabilized soil but at ash content greater than 333K
both increases, change being appre01able for liquid llmlt
This results in an increase of plasticity index (Fig.5.26).

,. LY

5.6 Modification of Soil with Cement -

!

From discussion in preuiousrarticles, it is clear that
for local alluvial siity soils, Strengthrattainment to meet
PCA criteria for soil-cement mixture requires very high
amount of cement. SinCe stabilization is initiated to
achieve 'some economy', the technique fails to achieve its

goal with involyement of such huge amount of. admlxturer So
alternative is to be searched for other technigues within
cement stabilization approach. Cement—modified seil may ‘be

thought as an alterﬁatiué,

As defined earlier, cement-modified soil is an unhar-
Cened or semi-hardened mixture of so0il and cement at a

relatively small guantity of Portland Cement.

In this research, two alluvial silty soils were
treatec with 2% cament'contenﬁ. In the previous discussions,
it has been Found that on addition of 2 per cent cement,
strength.increase Df treated soil over untreated one is
appreéiable. For Soil-A, it is .ound that at 2% cement

content,ratio of unconfined compressive strength of treated

&3
I
e,
L™
.‘g
e
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soil to that of untreated soil stands at 3,42, 4.92 and 11,14

for 7, 14 and 28 days Curing period respectively, The corres-

ponding ratio for S0il-B are 5.16, 7.32 and 11.43 respec-

‘tiuely. From the results, it is clear that higher strength

gain is achiesved for higher curing period. However, if the
newly conStructed’cement stabilized road jis to be opened to
traffic earliér,-Tiday curing is essential. Considering all

these, cement-stabilized local silty soil with 2% cement

content and 7-day curing may be thought as improved sub-

grade Or sub-base material to be adopted in'stage construc-
tiDn’Df highwayss Similar study at Singapore revealed that
Silty S6ils withiienly 2% cement addition can successfully

be employed for good sub-base or subgrade construction
i +

‘satlsfylng reguirement of Road Research Laboratory, :England

(19?0),fﬂamasmamy et al (1984), Homeuer, more study and
field performance observation are required to conclude

defimitely on this point for silty soils in Bangladesh,

5.7 Properties of RHA-Stabilized Soil

An attempt was made to study the properties of only -
RHA-stabilized soils, Samples prepared by mixing different
percentage of RHA to soil for plasticity and unconfined
Compression test collapsed during curing. Only 10 hours

were reguired for these to collapse.’

S0 it can be said that like many P.F.As, RHA has no

cementation value of its own.

i
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¥
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CHAPTER B

CONCLUSIONS AND RECOMMENDATION FOR FUTURE RESEARCH

6.1 Conclusions

The important findings and conclusions drawn on the
varijous aspects of this research may be summarized with

this limited study as follows:

1. The local silty soils satisfy the deability
criteria recommended by the Portlahd Cehent
Association (PCA) at about B per éent cement:content.,
This is within the ran: = suggested by Catton

{1940) for similar so0i.s.

2, The silty soils fail to satisfy the minimum uncon-
fined compressive strength;critéria of PCA for
cement conmént at which the durability criteria

is satisfied. Thus the results do not support
the‘implied assumption that the strength needs
will automatically De met if the durability needs
are satisfied. For the type of soils used, much
higher cement content would bE-IEqUiIEd to satisfy
the strength criteria. Homeuér, the soils showed
appreciable strength gain over untreated so0il with

addition of dnly 2% cement by weight.

3, Rice Husk Ash can be blended with cement to stabi-
lize silty: scils. The results suggest that a partial

replacement of cement by as much as tuyenty-five




percent of ash is possible without impairing the
durabjility and appreciable decrease in strength
of such mixtures in comparison to thosSe where only

cement is used,

4, Slight difference is observed in the volumetric

.changes of soil mixtures where Rice Husk Ash.is

- used. It is found that a.reduction in volume takes
‘place during drying cycle of wet-dry test with
higher proportion of cement whereas thé adﬁition
of RHA results in an increase im,volume on wetting.
59ilts show decrease in maximum dry density when
treated with cement., Cement-RHA treated silty soils

: ' - show further decrease in dry density.

5. Curing period and proportion of cement significantly
U ] .
, _ . :
influence the strength characteristics of sojil-
cement mixtures, The plasticity index value decreases

with an increase in cement content.

E.IRHA like many other pulverized fuel ash (PFA) has
little cemsntitious property of its ocuwn and can
only be used as an admixture with other cementitious

materials,.

6.2 Recommendation for Further Study

New studies are reguired for investigating various

aspects of soil-cement stabilization and soil-cement-RHA'
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stabilization which cannot be covered fully in this research,

These may be listed as below:

1. In this research, RHE burnt in laboratory has been
used. Recommendation is being made to study the
RHAs available from village burnt and rice mill

"boiler: burnt ash and the possibility of using in
,stabiliiation.-ﬂlsb variocus properties of ash e.g.,
effect Df‘finengss; water:reéuired for hydration,
actual mechanism of aétion with cement and soil

are required to be studied.

2., Only two silty soil samples were used in this
study. S50 conclusions based on relatively little
data need more study to be;bonfirmed. Also, other
types of soil must be inue%tigated on treatment
with cement and RHA. Lime cah also be tried with

RHA for stabilization of heavy clay.

3. In the present study, cDmpressiue strength of
stabjlized soil obtainec does pot satisfy strength
criteria set by agencies like PCA, Ministry of
TraﬁSport, U,K, Field tests and field performances
must be studied to sgf a separate strength criteria

for these types of fine grained 1dca;;silty soils,

4, In this research, silty soils with only 2% cement

addition showed appreciable increas& in compressive




strength, Further study is being recommended for
~these cement-modified soils for use as a sub-base .
Oor improved subgrade material for road construc-

tion." .

4. Permeability characteristics, consolidation
characteristics and erosion resistance of cement
and cement-RHA stabilized mix need to be evaluated
to get a thorough knowledge of moisture change,
-uolume cﬁange and durability of stébilized cons-

truction.

3. Finally, cost of production of RHA and cost-benefit

ratio of cement-RHA blend should be evaluated.
} - .
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Taole A.1 Unconfined compressive strength test results for

cement treated Soil-A.,

Cement 7 days 14 days 28 days
cpnte"t Design | Uncorfined Failure | Failure| Design| UC FailurelFailure| Cesign uc Failure |Failure
(% by wt.) " - : c : c
met. compressive .strain m.c, m.c. strain m.C, strain strain mc.
(%) strength,psi| {%) %) (%) | (psi) (%) (%) (%) (Psi)| (X) ()
ue : 1.
T
2 15,50 33,10 1.75 27,37 15.50| 47,6 2,0 2B.83 15,50 [107.68 1.50 29.68
) a 16, 31 93.81 1.25 28,08 16,31(113,32 1.5 29.08 16,31 153,86 1.75 30,01
10 15.91 110,96 1.5 27.82 15.81|136.2 1.25 28,02 15.87 [180.31 1.5 29.80

-
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Table A.2 Unconfined compressive strength test results for cement and RHA blend treatec Soil-A

Cement:RHA 7 days . 14 days 28 days !
in total Design | Uneonfined Failure|Failure |Design UCRHAuc Failure [ Failure | Design UCRHA Fajlure/Failure
admixture m.C, compressive strain m.C, m.C. strain MmeCs m.C. “Clstrajn m.,c,
(% strength,psi| () (£) (%) {psi) (%) (%) (%) {psi) | (4) (%)
uc ) i
RHA -C : '

3:1 15.1 104,86 1.50 29,22 | 15,10 | 136, 38 1,50 29,72 15,10 |170.94 1.25 33,10 .

21 15.2 93,02 1.25 30,05 15.20 1 1i6. 21 1.50 28,86 15,20 |161.76 1,25 30.25

1:1 14.8 8E.85 1.75 31.00 14.8 101,60 1,25 28,72 14,80 1931,55 1.50 33.09

oglL




Table A,3 Unconfined Compressive strength test results for cement tested S0il-B

.Cement . 7 days 14 days 28 days
content Cesign} Unconfined | Failure| Failure Design uc, Failure | Failure | Design UCc Failure | Failure
(% by wt,) m.c. compressjve | strain meC. MaCe strain © M.C. m.C. strain MmeCo
{x) strength,psi| (%) (%) (% (psi)i (%) (%) (% (psi) |.(%) (%
2 18.3 57,95 3.0 24,97 18,3 62,18 1.75 25,03 18,3 [128.33| 2,0 25,22
8 19.2 102,64 1.29 25,03 18,2 122,68 1,25 29,16 19,2 |160.31) 1.25 «B.48
- i
10 19.8 131.86 1.5 24,86 19,8 |142.68 1.0 29,94 18,8 |192,42| 1.25 29,48

—
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Table A.4 Unconfined cempressive sirength test results for cement and RHA blend treated Sojl-B
Cement: 1HA . 7 days 14 days . 28 days-
in totai Cesign { Unconfined Fajlure | Failure | Design UERHA-C Failure| Fallure|Design UCHHA c Failure|Fajlure
admixture m.Cc, compressive strain m.C, M. C strain M. m,C. ““lstrain m.C.
(%2 stremgth psi| (%)} (%) (%) | (psi) (%) (%) (%) {psi)| (%) (%)
uc .
AHA-c ’
3 19,8 107,82 1.0 27.8 18.8 137.7 1.25 29,7 18.8 187,21 1.25 30.10
2:1 18,4 101,82 1.25 28,21 18.4 132.3 1.25 30,26 18,4 172,58] 1.25 30,33
1:1 19.1 98,45 1.25 2B.37. 19.1 128.86) 1,50 ‘2‘-9.?7 19.1 158,35 1,50 29,82

-
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Table A.S Maximum volume change and maximum moisture content

during wet-dry test of cement stabilized sovils

S0il Cement Maximum volume change, % Maximum
+ content, % Increase Decrease moisture
content, %
2 1.075 25.71
4 1.075 24,92
A 6 1.08 24,92
8 -~ 1.08 26,42
10 1.56 27.72
2 1.05 . 27.84
4 1.15 23,71
B 6 1.51 20,89
8 1.68 25,78
10 1.82 28,70
Table A.6 Maximum volume change and maximum moisture content
during wet-dry test of RHA and cement blend ~
stabilizecd soils
Soil Cement:RHA Admixture | Maximum volume Change, %| lMaximum
in admix- content Increase Decrease moisture
ture (%) content,
3:1 ) 1.15 28,73
A 2:1 10 1.51 29,09
1:1 1.62 31.41
3:1 1.15 28,25
B %:1 10 1.571 28.50
(3 1.7 28,80




Table A,7 Effect of addition of cement on maximum dry

density of soils

Cemeﬁt content Maximum dry density obtained (pcf)

Soil-A S0il-B

0 98,5 104.6°

2 95,06 101.27

74 94,10 ~ 89,76

6 94,65 100,17

8 34,6 86,67

10 94,6 | 9§, 22

Table A.B8 Effect of replacement of cement by RHA on maximum

dry density of cement stabilized scils

Cement:RHA in { Admixture.| Maximum dry density obtained (pcf
admixture CDHFEDB 5011 -A S011-5
(%)
1:0 94,6 Sg, 27
3:1 94,21 85,4
2:1 0. 94,27 85.13
1:1 92:48 85,95
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Table A.8 Effect of addition of cement on plasticity index

of S0il-B8
Lement content Atterberg limits Plasticity
(4) Liquid limit | Plastic limit index { % )
(%) (#)

0 33,0 27.5 5.5

2 , 34.0 30,0 4.0

A g - . 35.5 _ 33,0 | 2.5

10 - 36.0 . 35.0 1.0

Table A.10 Effect of addition of RHA and cement on -plasticity

index of S0il-B

RHA in Admixture Atterberg limits Plesticity
s adm}XLure COnFent Ligquid limit | Plastic limit index.( j )
(}b) (/é) n .’)
(%) (%
U 35,0 35.0 1.0
25 - 35,5 34,0 Te2
330 . | 10 . 35,5 34,0 1.5
=50 Jg.0 35,0 3.0




Table A,

11

Resuj

50il-A

a) Volume and moisture content (m.c.) change

136

ts of wetting an. drying test of cement-treate

Cement |Sample| Cycle Moisture content (m.c.) Volume change(%)
content NO. No, change (%)

(%) Moisture| Subsequent|Subsequent| On - [ 0n
content m.c, m.c, wetting| drying
as mol- jon wetting|on drying :
ded (%) (%)

1 2 3 4 5 5 7 8

25,71 2,46 0 1.075

Discontd, |Discontd. Diécon- Discontd,
td,

3 - - - -
4 - - - -
5 - - - -
2 2(1) 6 15.5 - - - -
7 - - - -
8 - - - -
9 - - - -
10 - - - -
11 - . - -
12 - - - -

1 24,92 0.82 0 1.0%5
2 24,10 .85 " "
3 23,82 .78 n m
4 24,7% 0.82 2 "
> 24,73 0.82 " n
4 4(1) & 16,03 24,10 G.78 n "
7 24,10 0,78 n n
8 23.83 G, 81 n n
g 23,89 a.79 " "
10 22,92 0.81 n i
11 22,71 u,7% " "
12 22,82 0,79 n "




1.37
Table A.11 Contd...

1 2 3 4 5 6 7 8
1 21,92 3,36 c | 1.08
2 18,68 3,35 0 "
3 18.72 3,365 " "
4 18. 40 2,72 " "
3 19.04 3.28 no "
6 | &6(1) 6 16.2 19.36 3.20 " "
7 ‘ 1i5.04 3.33 " ]
8 10.04 " 2.87 n "
8 19.04 2.97 "o "
10 19.704 C3.11 n n
11 19.04 2.85 o .
12 19.04 2.87 " "
A 26,42 1.78 0 1.08
z2 24,78 ) 1.03 1t m
3 24,74 1.03 wo "
4 23,10 2.10 "o "
oD 25.10 1.75 n 1
18 | 8(1) 6 16, 31 24,178 1.03 " n
! 7 25,12 1.82 L "
' 8 26,20 1.97 v "
g 26.10 1.32 n n
S 10 24,78 1.73 n "
11 25.12. 1.73 n .
12 24, 20 1.71 n .
1 27,72 2,27 0 1.56
2 22,12 2,27 1 i
3 25.0 2.27 n n
4 25,45 3.683 no "
5 25. 45 2,98 wo "
101 10(1) 6 | 15.81 | 25,54 3,12 " o
7 25.91 2,72 4 oo
8 25,54 ' 3,26 noo "
' = . 25,00 3.11 A ! "
10 25,00 3. 31 L "
11 25,45 3,45 "o ]
12 23.18 3,50 noo "




Table A.11 Contd..

b) Seil-Cement Loss:

Cement Avgv.water retained Soil-cement loss
content (%) after drying at 110% (%) | (%)
2 0.18 ' 31, 38
4 0.24 22,16
6 0.27 | 15,44
8 .10 10,59
10 - 0.51 4,18




Table A.12

Results of wetting and drying test of cement-
treated Soil-B

a) Volume and moisture content (m.c.) change

Cement: |Sample | Cycle Moisture content (m.c.) Volume change
content| No, No. change (%) (%)

(%) Moisture| Subseguent|Subsequent|dn On
content MeC. m,c. wettingidrying
as mol on wetting|on drying §:
ded (4) | (4) (33

1 2 3 & 5 b 7 B

1 27,84 21 g 1.05
2 21.56 1.6 X "
3 16,16 1.4 L "
4 discontd, |discontd. |dis- discontd.
: contd,
5
P 2(1) B 19,04
. ,
B 8
g i
10
11
12
1 23,71 1.82 U 1.15
2 23.10 1.82 " "
3 23.10 1.74 " "
4 22.80 1.68 " "
5 22,80 1.7 " "
4 4(1) 6 19.20 23.10 1.71 " "
7 F 23,40 1.69 n n
8 22,80 1.72 " "
g 23.10 1.72 " "
10 22,80 1.81 n n
11 22,50 1.81 n "
12 22.50 1.81 " "
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Table A,12 CLontd..
( 2 ’ 3 4 5 6 7 8
1 20.89 2.68 0 1.51
2 20.60 2,89 " "
3 20. 30 3,28 m "
4 20,00 2.68 n "
5 20.60 2.68 " "
6 [6(1) 6 19.20 20.00 2.68 " "
7 20,60 2.68 " n
8 20,00 2.10 " "
g 20,30 2.68 " "
10 20,00 2.68 " "
11 20,00 2.98 " "
12 20,00 3.28 n "
1 25,78 0.93 D 1,69
2 23,91 0.62 " "
3 23,60 0.93 " "
1 4 23,60 0.93 L "
. 5 23,91 '0.73 n n
B 8(1) B 19.8 23,60 0,42 n "
' 7 23,60 0.66 n "
8 23,60 0.3 L L
g 23.60 0, 38 " "
10 23,29 0.89 n n
11 22,98 0. 38 n "
12 23.29 1. 41 " L
{ 28.70 3.47 0 1.82
Z 26.50 3.47 " "
3 26.50 3,47 " "
4 26,50 3.78 " n
5 26, 81 3. 69 n n
101 16(1) 5 18.8 26.50 3,87 " n
7 26.50 3.76 n L
8 26.50 3.90 m "
g 26, 81 1.18 L "
10 25,86 2.58 " "
11 25,85 1.18 n n
12 25,18 2.7 " n




Table A.12 Contd..

b) S0il-cement loss:

141

Cement

Avg. water retained

Soil -cement loss

content (%) after drying at 110°C (%) (%)
2z 3.0 42,92
4 3,0 18,26
5] 2,28 16,80
8 1. 41 12,42
10 2,71 7,32




Table A.13 Results of wetting and drying test of cement-RHA
treated Soil-A - |

a) volume.and moisture content (m.c.) change:

142

Cycle

Cement{: Sample ‘Moisture content(m.c.) Volume change
RHA - NoO, No, . : change (%) ‘ b
Moisture|Subsequent {Subsequent)On On
content m.C, m.C. wetting|drying]|’
as mol- |[on wetting|on drying : .
ded(%) ‘ :
1 2 3 4 5 6 7 8
1 26,73 1.58 1.62 0
.2 24,44 0.61 " "
3 24,88 0.67 " "
4 25,21 0.28 " n
5 25.23 0.35 " "
311 Bi1(1) & 15.1 26.10 0. 30 " "
7 . 24,80 0.14 M "
8 24,92 0.1p" " "
g 24,58 .05 n "
10 24,87 0.07 n "
11 24,58 0.10 1 "
12 24,56 G.28. n "
i 29,09 G.43 1.51 B
Z 2X.174 0.7¢4 " "
3 23,62 .05 " "
4 23,357 J.44 f "
5 24.55 0.37 n n
2:1 p:1(1) 6 15.2 3.87 0.14 " h
' 7 23.54 .14 n n
g8 23, 31 0.81 " "
g 23.87 0.84 " "
10 24,10 0,10 " "
11 22,74 0.17 " "
12 22,97 0.12 " "




T4

Table A,13 Contd..
1 2 3 4 5 B 7 B
1 31. 41 4,35 1.75 D
2 24,85 0,60 n n
3 27.44 U.15 n "
4 26,74 0,41 " "
5 | 27,48 0.24 " "
1:1 1:1(1) 6 14,8 26,65 g.48 " "
7 27,20 0,21 - "
8 26.81 0.10 n ]
g 26, 46 0.18 " n
10 27.06 0,11 n n
11 27.56 g.05 H n
12 26,13 0.G5 "o "
b)-50il -cement lo0ss:
Cement:RHA in - Avg. water retained Soil-cement loss
total admixture after drying at 110 °C (%) (%)
309 . 0.18 10.03
2:1 g, 3% 12,26
111 0,18 15,43

A




Table A.14 Results of wetting and drying test of cement-RKA
treated Soil-B

a) VYolume and moisture

content (m.c.) change:

1.4 a

Cement:|Sample | Cycle Moisture content (m.c) Volume changej '
RHA (%) No. No. hange (%) (%)
Moisture|Subsequent|Subsequent|On OUn
content Ma.C Ma.C. wetting dryingfﬁ
asomol- [on wetting|on drying '
ded (%)
1 2 3 4 5 6 7 B
1 28.25 6,63 1.15 0
2 24,76 0,95 L n
3 24,13 0,75 " n
4 24,24 0.75 " "
5 24,869 0.75 L "
3:1 8:1(1) 6 19.8 24,48 0.42 " "
| 7 24,20 0.69 n " i,
8 25,00 0,56 L m '
g 24,08 0.14 " L
10 24,50 0.10 " "
11 24,25 0,35 n "
12 24,28 0.35 " f
i 28,80 1.83 1.517 0
z 25, 40 0.83 " "
3 25,07 0.53 " r
4 25,47 0,42 " "
5 27. 36 G,42 " L
Z:1 2:1(1) 6 19.2 27.40 0.42 " "
7 26,24 1.32 m L
8 27,83 0. 38 " m
g 27,13 0. 31 L "
10 26, BE - 0.10 L "
11 26, 36 0.10 " "
12 27,30 0,08 " L




Table A.14 Contd.

545

1 2 3 4 5 . 6 7 8
1 q 28,80 0.66 .71 | @
2 26.91 0.66 " "o
3 26,58 0.10 n "
4 27,72 1.00 n n
) 5 27.20 0.71 n "
1:1 1 1:1(1) 6 19,1 24,50 0,61 " "
7 26, 21 0.71 " n
8 26.92 0.81 n "
9 27. 41 1.12 n n
10 27.72 1.40 n "
11 26. 20 0.80 " "
- 12 26, 40 0. 71 n n

b) Soil-cement loss:

Cement:RHA in Avg. water retained_ Soil-cement loss
total admixture after drying at - 110°C (%) (%)
301 0, 41 5. 41
z:1 0.24 11.25
N 0. 30 13.28
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