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ABSTRACT
The use of mixture of flyash and lime has been studied to investigate the strength properties of

stabilized soil. Compaction apparatus was employed to determine the strength of the stabilized

soils. Strength tests were carried out on the specimens up to 28 days curing period The

interested admixture was lime-flyash; the amount of lime was fixed at 3% with the amount of

flyash 0,6%, 12% and 18%.

The results from the experimental investigation shows that by increasing the amount of flyash

the strength properties of lime-flyash stabilized soils improve. However, a detailed investigation

needs to be carried out on the use of flyash alone. A prolonged curing period increased the

strength of stabilized soils. The use of lime-flyash gave better strength and it may be more

economical.

/
In the present study, flyash (0, 6, 12 and 18%) stabilization with 3% lime of two selected soil

(collected from Anwara and Banshkhali) of Chittagong coastal region were carried out in order

to assess their suitability for use in road construction. The soils from Anwara and Banshkhali

were respectively a clayey silt of low plasticity (LL=30, PI=7) and a silty clay of medium

plasticity (LL=44, Pl= 19).

Index tests indicated that compared with the untreated samples, plasticity index and linear

shrinkage of flyash and lime stabilized samples of the soils reduced. Shrinkage limit, also

reduced for flyash-treated samples while it increased for lime-treated samples. For flyash and

lime stabilized samples, maximum dry density increased and reduced respectively, while

optimum water content reduced and increased for flyash and lime stabilized samples respectively

with the increased in additive content.

For samples of both the coastal soils, compared with the untreated samples, unconfined

compressive strength (q,,) of flyash and lime treated samples increased significantly, depending

on the additive content and curing age. It was found that compressive strength of samples treated

with 6% to 18% Flyash and cured for 7 to 28 days satisfied the requirements of PCA (1956)
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given at Annex A for the compressive strength of soil-cement mix and that for all flyash

contents and all curing ages, Compressive strength of the stabilized samples fulfilled the

requirements of soil-flyash mix for use in road sub-base and base subjected to light traffic. It was

also found that the compressive strength of samples treated with 3% lime met the requirement

for upgrading clays to sub-base material quality type, as proposed by Ingles and Metcalf (1972).

Compared with the untreated samples, CBR of the flyash and lime stabilized samples increased

considerably. It was found that CBR-values of flyash and limes stabilized samples increased up

to about II times and 4.4 time respectively. CBR-values of samples of both the soils, treated

with 6% to 18% flyash, fulfilled the requirements of soil-cement road sub-base and base for light

traffic while CBR of sample stabilized with 3% lime did not satisfy the criteria of the minimum

CBR for soil-lime mix for improvement of base material in road construction, as proposed by

Ingles and Metcalf (1972).

The flexural stress versus deflection curves has been found to be approximately linear for both

flyash and lime stabilized samples. Compared with the untreated samples, flexural strength and

flexural modulus of the flyash and lime stabilized samples increased considerably, depending on

thc additive content. Compared with the untreated sample, the flexural strength and flexural

modulus of flyash-treated samples increased up to about 4.6 and 4.7 times and 3 and 4.25 times

respectively or both the soil while for 3% lime-treated samples the respective increases were

about 1.2 times and 2.13 times.

It was found from comparisons that values of qlb CBR, flexural strength and flexural modulus of

the flyash-treated soil samples are significantly higher than those of the lime-treated samples.

Moreovcr, it is expected that compared with soil-lime mix, soil-flyash mix would be much more

durable in the weather conditions of tropical regions. It could be concluded that flyash

stabilization of the coastal soils studied would be more suitable than lime stabilization for their

use in road construction
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".~CHAPTER1

INTRODUCTION

1.1 GENERAL

In early days, engineers could avoid unsuitable sites or unsuitable construction material sources

whenever the required conditions for the construction were not fulfilled. There were plenty of sites

and construction material sources available for any construction purpose. So it was case of

construction and ease in obtaining material, which governed the choice of site rather than economic

factors.

It is evident that earth structures, such as embankments, highways, airport runways, dams, or

reclamation appurtenance require soils with sufficiently good engineering properties: like low

plasticity, high bearing capacity, .Iow settlement, etc.

Although natural soil is a cOlllplex and variable materiaL which exh./bits differing behavior under

diHerent conditions, because of its universal availability and the low cost for obtaining such

milleriaL i1 ofkrs great opportunities for skillful use with engineering technology.

As time passed, due to the grmvth of population, people became more cautious about the economy

or, for different reasons, it has been difficult to find suitable sites for construction or suitable

.material sites for earth structures, such as highways, dams, or runways, within all economic range.

Since unsuitable materials, which have low bearing capacity, coupled with low stability and high

seltlemelll or excessive swelling or squeezing properties, are frequently encountered, it has been

necessary to improve unsuitable materials to make them acceptable for construction.

Improvement of soil by altei"ing its' properties IS known as soil stabilization. An increment in

strength, a reduction in compressibility, improvement of the swelling or squeezing characteristics,

and increasing the durability of soil are the main aims of soil stabilization.

•I



1.2 SOIL STABILIZATION.

Stabilization is one of the most economical and desirable methods lor ImprovlJ1g the strength.

durability and resistance to deformation of in-situ soil. Soil stabilization always involves certain

mechanical treatment of the natural soil or remixing the natural soil with admixtures followed by

compaction of the mixture. Soil stabilization must not be confused with. solidification aimed at

increasing the strength of in-situ soil masses in natural design, gcnerally without any interference

with their structure. Winterkorn (J 975) dcJlned soil stabilization as the collective term j()r any

physical. chemical or biological methods, employed to improve certain properties of a natural soil

to make it serve adequately an intended engineering purpose. The diJTerent uses of soil demand

different requirements of mechanical strength and of resistance to environmental forces.

In connection with road construction, stabilization is simply referred as means by which the

engineering properties of sub grade and pavementmateriaJs can be improved in order to withstand

tramc loading and weather efTects. Stabilization of in situ soils by admixtures has become and

increasingly accepted method for improving the bearing capacity of either the substructure or some

other components of thc pavement. Stabilization is contemplated when it would be more

economical to overcome a deficiency in a readily available material rather than to bring in another

which complies with the specified requirements, or when enhanced properties are required lor

pavemcnt design purposes. Some examplcs of the use of stabilization are as follows (NAASRA,

1986):

(i) Improvement of the properties of an available material to permit an enhanced usage;

(ii) Improvement of the pl'operties of a sub grade or sub-base to reduce the thickness

requirement for overlying materials:

(iii) Reduction of the sensitivity to moisture of sub grade or lower courses when

permeable bases are used;

(iv) Increase layer stiffness to reduce wearing surface strain.

Stabilization is considel'ed as a technique that is applied only when there is a particular anel obvious

deficiency in a material underestimates its potential. The llsual deficiencies are mainly associated

with inadequate strength or stiffness, excessive sensitivity to changes in moisture content, high
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permeability. poor workability, and tendency to erode. Stabilization is also a mcans by wbich an

engineer can better command a situation by altering the properties of materials to optimize benefits.

Hence the concept of stabilization s~oi.tld extend beyond the remedial type treatment to be a general

too] applied to pavement design and construction, Stabilization also widens the range of materials

that can be applied to pavement construction (NAASRA, ] 986).

In connection with road works, Wintercorn (] 975) reported the fol]owing major uses or soil

stabi] izati on:

(i) Providing bases and surfaces for secondary and farm-lo-market roads, where good primary

roads are already in existence:

(ii) Providing bases for high-type pavements where high-type rock and crushed gravelnormal]y

employed for su~11bases are not economically availab]e;

(iii) For city and suburban streets where the noise absorbing and elastic properties of certain

stabi Iized soi I systcm possess ddi nite advantages over other construction materials; and

(iv) For military and other emergency where an area must be trafficable within a short period of

tillle.

There are a numberof methods of soil stabilization for use in road works. The additives, which are

commonly used. are granular materials, Portland cement, flyash, lime (quicklime and hydrated

lime), I.imc-Flyash, bitumcn and tar. There are other chemical used in soil stabilization named as

chemical stabilization. The chemica] being used is calcium chloride, sodium chloride and sodium

sil.icate. Stabilization by heating and electricity to fire grained soil is other method of soil

stabilization. Full use of the potential of stabilization requires an awareness of the various methods

available, their preferred application and limitations, their properties and means of evaluation and

their construction requirements. NAASRA (] 986) discussed the faciors Cor each of the commonly

used methods. These methods, their effects and applications are summarized in Table 1. J. Onc of

the relevant factors affecting the selection of the most suitable method of stabilization is the typc of

soil to be treated. Based on particle size distribution and plasticity of soils, NAASRA (19986)

reported the usual range of suitability of thc various types of stabilization, which have been

presented in Figure] .].
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Soil stabilization can be achieved by the conventional method of compaction, which is known as

mechanical stabilization, and which is universally used. There is very soft clay or marshy land are

encountered, coupled with increasing demands for economy and the need for better results, which

may not be fulfilled solely by compaction. The addition of a chemical stabilizer and using the

conventional compaction method may improve the properties of soil in an economical way.

Cement and lime as chemical stabilizers used for improving the properties of soil, such as

plasticity. bearing strength or, settlement characteristics. are already well known in stabilization of

granular soil and clayey soils.

Fly ash. an industrial waste material has been of great interest to engineers for use as stabilizing

agent. It could be employed to stabilize granular soil and c.layey soil as well.

Investigation of the use of industrial waste, such as Flyash, to counter soil stabilization problems

has been underway singe about 1950 at 10wa State university in the U.S.A. Even 2000 years ago,

people in the western world used hydrated .Iime combined with volcanic cinders as a cementing

material. Flyash is a waste product from modern industry, which is similar to volcanic ash.

It has been realized by many authors that with the addition offlyash the strength of lime treated soil

markedly increases.

Environment protection has been of a great concern in the modern world. The use of llyash for

stabilization may help to solve the problems of environmental concern. Most earth structures can be

obtained in an economical way.

Economy and safety are often incompatible, and the mam task of an engll1eer IS to achieve a

compromise with the opti'111U111result.

•



i Type of Proce~s Effects Applicable Soil
Stabilization Type*

. .

Granular Mixing of two or ..more Changes to soil strength. Poorly graded soi.!s,
materi,ds to achieve permeability volume granular soils with a
planned particle size stability. ddiciency 111 some
distr.ibution. sIzes.

, Cement Cement itioliS interpaliiclc *Low additive contents: Not limited apart
bonds are developed. Decreases susceptibility to ii.om deleterious

moisture changes improves components (organic._
strength. sulfates etc.) which
*High additive contents: retard cement
increases modulus and tensile reactions. Suitable for,
strength significantly. granular soils but
Possibility of reduced inefficient in
thickness requirements. predominantly one

sized materials.
Expensive in
cohesive soils.

Lime CcmclltitioliS interparticle Improves handling properties Suitable for cohesive
(inclllcling honds are developed but the of cohesive material. soils. Requires clay
Hydrated Lime rate of d,evelopmcnl is slow, *Low additive contents: components in soil
and Quicklime) rel<'ltive to cement. decreases susceptibility to that will react \-vith

.. moisture changes) improves lime. Organic
strength. material wi II retard

reactions., *I-ligh additive contents:,
increases modulus and tensile
strength.

Lime plus Fly Lime and pOllolan modifies Generally similar to cement As for cement
Ash. p,lrticle size distribution and but rate of gain of strength stabilization, can be
pulverized develops ccmcntitiolls similar to lime. Also improves used when soi Is arc
Blast' furnace bounds workability. not reactive to lime.
Slag
Bitumen and Agglomeration offine Waterproofs and improves Applicable to
Tar Patiicles cohesive strength. granular lov/,

cohesioJl: low
plasticity materials .

.. Use is always constrained by properties of untreatecl11l3terials.

5
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Table-I.1 Mechanics and applications of stabilization (after NAASRA. 1986)



Fig. 1.1 Feasibility of stabilization techniques for different types of soils (after NAASRA, 1986).
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1.3 GEOLOGICAL FORMA nON OF SOILS OF CHlTT AGONG
COASTAL AREA

,elevation soulh of a line joining Khulna-Narayanganj-Chandpur-Noakhali. These low-lying areas

and the Chillagong coastal plain form 'the coastal areas of Bangladesh.

Bangladesh is almost entirely and alluvial, deltaic plain with hills on the north-east. east and

southeast margins. 'fhe alluvial plaiilS extend about 400 km south eastward, falling gradually {i'om

an elevation of about 90 m in Tetulia in the far northeast to a coastal plain of less than 3 m in

The Bengal basin has been J1lled in by sediment from the north, east and west. During this filling

process, the basin has deepened and the sea level has varied considerably fi'om its present position

through a series of transgressions and regressions, whieh have occurred over a 60 million-year

period. The alluvial plains and deltas formed in more recent periods by the Ganges. l3arhmaputra

and Meghna River cover the surface of the Bengal basin over a total area of 60,000 kilometer

square. This huge delta is called the Bengal fan and consists of the world's largest-scale fan
deposits.

The coastal zone falls in a deepest part of Bengal Basin, Known as the Patuakhali through, which

occupies the Hatiya, BarisaL and Faridpur areas and has sediments more than 18,000 m thick. The

fan deposits hom the Chiltagong hills and deposits of coastal currents are mixed in complicated

manner in the Chittagong coastal area. The geological formations and soil characteristics of this

area are very complicated due to the multifold shallow bedrock of the above hills. The Chil1agong

Coastal plain comprises the generally narrow strip of land between the Chittagong hills and the sea.

together with the HaJda. the Karnafuly and the Sang floodplains and the offshore islands. This had

known to be occupied by gently sloping piedmont alluvial fans with mainly loamy soils. Tidal clay

plains occupy most of the offshore island. Most soil studies in the coastal area in the past have dealt

with the soil types up to approximately 20-m below the ground surface. The surface layer mainly

consists of silt and clay and has a thickness of some SO m, except at the mouth of the Meghna river

where the thickness is reduced to some 10m. A more detailed examination reveals that the soil

texture of the surlace layer differs hom one area to another in both the horizontal and vertical

directions. The grain size, density and consistency also largely differ from one are to another. These

diiTcrences reflect the sedimentation .environment and are caused by frequent changes of the well-



1.4 SCOPE AND OBJECTIVH,OF'THE.STUDY

The cardinal aim ofthisoresearch work is to develop a general approach to soil improvement coastal

area by using flyasb for Road constl'uction. The Study was .limited to chemical stabilization by

flyash and lime. A detailed study of the improvement of on the strength properties of coastal soil of

Bangladesh have been made using flyash and lime as additives. Investigation was made uSIng

commercial time and Flyash from brickfield, foundry shop and restaurant etc.

This research has been intended to evaluate the behavior and engineering properties (e.g. Moisture-

dcnsity relations, California Bearing Ratio, Compressive strength, Flexural strength) of Flyash and

lime stabilized soils from Chittagong coastal belt. The results of this investigation will enable to

assess the suitability of using flyash and lime as stabilizer of these coastal soils particularly for their

use in the construction of base/sub-ba'se of roads in the coastal regions.

In this research wOde flyash stabilization of two selected soils (collected from Anwara and

Banshkha.li) of Chittagong coastal region have been carried ou!. Flyash and hydrated lime (i.e.,

slakedlimc) have bcen used as additives. The major objectives of this research are as follows:

(i) To investigate the behavior and engineering properties (e.g. Moisture-densily

relations, California Bearing Ratio, Compressive strength, Flexural strength of two

selected soils stabilized with three different flyash contents (6%, 12% and 18%)

having 3% lime as constant additives. The behavior and engineering properties of

these two soils were also investigated without any treatment in order to examine the

changes .in behavior and engineering properties between the treated and untreated

soils.

(ii) The behavior and engineering properties (e.g. Moisture-density relations, California

Bearing Ratio, Compressive strength, Flexural strength and of a soit stabilized with

3(% linle was investigated.

•



(iii) To investigate the effect of the curing age on compressIve strength) flexural

properties of the flyash and lime stabilized soils.

(iv) To examine the effect of compaction etTort on California Bearing Ratio (CBR) of all

the treated and untreat~d soils.

].5 THE RESEARCH SCHEME

The who.le research program were carried out according to the following phases:

(il Index property tests of the two coastal soils without any treatment were carried out

to characterize the soils. Index tests include Atterberg limit tests, specific gravity

and grain size analysis. Index property tests of the two sols stabilized with different

flyash having 3% lime as constant and 3% lime contents were also performed.

(ii) The following tests were carried out on the two coastal soils without any treatment

and stabi,lized with three different flyash contents (6%, 12% and 18%); having every

time 3% lime and both.the soil stabilized with 3% lime.

(a) Modified compaction test.

(b) Unconfined compressive strength test all moulded cyl indrical samples of 2.8

inch (71 mm) diameter by 5.6 inch (142 mm) high

(c) California Bearing Ratio (CBR) tests.

(d) Flexural strength test using simple beam with third point loading system

Unconfined compressive strength tests and flexural strength test using simple beam with third point

loading were carried out on flyash and lime stabilized samples cured at 7, I 4 and 28 days in order to

investigate the effect of curing age on thc measured compressive strength and flexural strength and

stiffness. In order to investigate CBR-Dry density relationships for the untreated and stabilized

soi Is. Laboratory CB.R tests were carried out on the untreated samples and samples treated with

nyash and .Iime using three levels of compaction energies.

•
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] .6 THESIS ARRANGEMENT AND OUTLINE

The disseration is written in the following sequence:

A review on flyash, lime and other means of stabilization of soils is presented in Chapter 2. The

review mainly includes the mechanisms of flyash and lime stabilization, factors governing the

properties offlyash and lime-treated soils, the characteristics offlyash and lime stabilized soils and

their applications.

Chapter 3 presents the details of laboratory testing procedures and equipment used for investigating

the efl'cclS of flyash and lime stabilization on the physical and engineering characteristics of the

soils studied.

Physical and engineering characteristics of the untreated soils and soils stabilized with fixed lime

contenl (3%) and diff'crent flyash contents, as obtained fro111 the laboratory investigation, are

presented and discussed in Chapter 4 . .In addition, this chapter presents the comparison of

properties of lime stabilization between different Regional soils of Bangladesh and the soil

stabilized with fly ash in the present study.

Chaptcr 5 presents the major findings and conclusions of the present investigation.

Recommendations for lLlrther research in this field are also presented in this chapter.

•
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CHAPTER 2

LITERA TURE REVIEW

2.1 GENERAL

The main reasons for increased study of soil improvement are to achieve more utilization of poor

sites, support of existing structures, environmental protection, safety of high rise structures, an

improved ability to handle problem soils, and engineering and construction in new and difficult

environment. The objective of mixing additives with soil is to improve volume stability, strength

and stress-strain properties, permeability, and durability. The development of high strength is

achieved by reduction of void space, by bonding particles and aggregates together, by maintenance

of' ilocculent structures, and by pre,;ention of swelling. Good mixing of stabilizers with soil is the

most important factors affecting the quality of results. Most commonly used stabilizers for

improving the physical and engineering properties of soil are Fly Ash, lime. cement and foundry

sand, bitumen and chemicals like calcium chloride, sodium chloride and sodium silicate.

The use of admixtures for the stabilization of soils has been of great interest to highway engineers

in recent years. Various organic and inorganic materials have been investigated for possible use as

stabilizing agents. The aim has been to produce a material having better engineering properties then

the original soil.The most extensively used stabilizing agents are cement and ]ime. Mixtures of lime

and ilyash are also among those that have shown promise. However, the latter have not been much

used because their characteristics and behavior when added to soils are still to be investi~ated in
'" -. ~

detail. Thellyash and other admixture and their uses have been discussed in subsequent paragraphs.

2.2 FLY ASH

Hausmann (1990) stated that Fly ash is a solid waste product created by the combustion of coal and

it is carried out of the boiler by flue gases and extracted by electrostatic precipitators or cyclone

separators and filter bags. Its appearance is generally that of a light to dark gray powder of

predominantly silt size.



Ash removed hom the base of the furnace is tcrmed bottom ash or boiler slag. It is coarser than fly

ash, ranging in sizc from fine sand to gravel. As much as a quarter of the ash produced may be

bottom ash.

Bottom ash serves well as structural fill and in road construction. I'll' ash is regularly used as a

partial replacement for cement in concrete because of its pozzolanic properties: it is also the form

of ash, which has the greatest potential for use in ground modification.

1n 1986 some 65 to 70 million metric tons offly ash were produced in the United States alone, only

15 to 20% of this massive amount was used constructively: less than half of that was used in the

manufacture of concrete. The rest is pumped in slurry form into lagoons or is conditioned by the

addition of 10 to 15% water and disposed of as more or less engineered landfills.

Nowadays coal is more and more frequently adopted as fuel for electric power plants. On the basis

drawbacks of its use is the large quai,tity of produced ashes (up to 15% of the weight of coal). 1n

the past, the coal ashes were disposed into abandoned open-pit mines or stream valleys; at present,

it is becoming more and more necessary to use them for embankments and hydraulic or compacted

fills.

Marking morc productive use of fly ash would have considerable environmental benefits, reducing

land, air, and water pollution: Increased use as a partial ccment or lime replacement would also

represent a savings in energy (fly ash has been called a high-energy waste material).

Besides using fly ash alone as a structural fill material scope exists for employing techniques of

groundmodilication to find more medium-to high-volume applications in the following ways:

Add cement or linie to stabilize the 11y ash.

Stabilize soil with cement-lime-fly-ash mixes.

Use fly ash in the containment of toxic wastes.

The Electric Power Research Institute has produced a comprehensive design manual for the use of

ill' ash in structural fills and highway embankments and for subgrade stabilization and land

reclamation (EPRJ, 1986). Another good source of information is the proceedings of conferences

organized by the American Coal Ash Association, which provide a regular update in fly ash

technology.



2.2.1 PROPERTIES OF FLY ASH

2.2.1.1 CHEMICAL COMPOSITION AND REACTIVITY

A microscopic view of fly ash reveals mainly glassy spheres with some crystalline and

carbonaceous matter. The principal chemical constituents are silica (Si02), alumina (A 1203), ferric

oxide (Fe203), and calcium oxidc (CaO). Other components are magnesium oxide (MgO), titanium

oxide (Ti02), alkalies (Na20 and K20), sulphur trioxide (803), phosphorous oxide (P20S), and

carbon (related to the "Ioss-on-igl'ition"). Water added to fly ash usually creates an alkaline

solution, with a pH in the range ii'om 6 to 11.

a. fly ash is a heterogeneous material .The physical, chemical, and engineering properties of

fly ash includes.

(I) Coal type and purity.

(2) Degree of pulverization.

(3) Boiler type and .operation.

(4) Collection and stockpiling methods.

b. There is no single' chemical or physical property which gives a rei iable indication of the

pozzolanic reactivit)'"of fly ash. Celilentitious calcium silicate and calcium aluminosilicate hydrates

are formed when the glassy components of the fly ash (3A2102) SiOl or "mullite") react with water

and lime. Critical to the pozzolanity offly ash are conditions such as

(I) Amount of silica and alumina in the fly ash.

(2) Presence of moisture and lime.

(3) Fineness of the Ill' ash (surface area).

(4) Low carbon content.

c. The degree of self-hardening of ash is also highly dependent on the ash's density,

temperature, and age.

d. ASTM C618 distinguishes between class F and class C fly ash. Class F ill' ash is normally

produced from burning anthracite or bituminous coal; it has pozzolanic properties, which means

that it will react with lime to form cementitious compounds. Class C ill' ash is normally produced

from burning subbituminous or lignite coal; in addition to being pozzolanic. it has cementitious

properties of its own.
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values are also reported in the literature, such as Ydllla" =0.7 t/m3 and Wopt= 60%. Low compacted

14

Permeability offly ash, cm/s

10' to 10 .

10 -; to 3 x 10 .6

9 x I 0 . (, to I 0 . 7

ENGINEERING PROPERTIES

Coal Type

Bituminous

Su bbitum inous

Lignite

2.2.1.2

The specinc gravity of the ash particle ranges from 1.9 to 2.5, which is below that normaJly

measured for soil solids. Some of the ash particles may actually float if they consist of hollow glass

spheres (cenospheres); these have numerous industrial applications. The average grain size 0;[1 of

Ily ash is likely to be in the range of 0.02 to 0.06mm. Fly ash is nonplastic and, in a dry state as

collected, completely cohesionless. This lack of cohesion makes nonhardening fly ash highly

erodiblc. In a moist, unsaturated state, surface tension of the pore water gives fly ash an apparent

cohesion: if and when pozzolanic reaction occurs, considerable unconfined compressive strength is

observed, increasing with age. The friction angle as measured in consolidated drained triaxial tests

is typically on the ordcr'of30o, out values as low as 20° and as high as 40° have been reported. As a

guide, compacted ash may have' a dry density anywhere between 1.2 and 1.9t/m3 and a

corresponding optimum moisture content ranging Irom 30 down to 15%; howcver, more extreme

dcnsity points to a potential advantage in the use of fly ash as backfill or cmbankment material:

Low unit weight means low overburden pressures and, combined with a high f1-iction angle, also

low earth pressurcs.

EPRI (1986) reports that the compression index Cc of fly ash can range fromO.05 to 0.37 for initial

loading ill recompression, these values are much lower: 0.006 to 0.04. The compressibility of

compacted ~tsh must rale as small when compared with clayey soils. Compacted dry fly ash may

swcJl upon wetting ifsubjectedto vertical pressures less than that cquivalent to 0.5 to I m orIll' ash

fill. It was also reported that 11 to 14.5% free swell for a particular ash tested.

The permeability of a fly ash compacted to standard maximum dry density depends on the coal type

it is derived 110m [EPR! (1986)].

Considerable capillary rise of water 'in Ily ash fills can occur-on the order of 2 m and possibly
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Aging Critcria: The unconfined compressive strength of the mix is observed to increase with time'.

FLY ASH STABILIZED WITH LIME, CEMENT, AND/OR
AGGREGATE

2.2.2.

Minimum Strength: The 7 day unconfined compressive strength of the miX, when cured under

moist conditions at21 + n°e, must exceed 2.8 to 3.1 MPa for cylindrical specimen having a length

to diameter ratio 2: I.

Rcfering 10 British and American experience, EPRJ (1986) quoted the following criteria as part of

their design recommendation for a cement-stabilized fly ash base course.

To build a subbase or base course with lime-or cement-stabilized ash alone is not yet common, but

this is one high-volume ash applications being promoted by ash producers

The use of mixtures of lime (L) or cement (C) and fly ash (F) with aggregate (A) giving LFA, CFA,

or LCFA bases or sub bases for pavements is relatively well established in most countries.

Guidelines for design and construction were given by B31'enberg (1974) and other. Many local

authorities have published criteria for. the incorporation of pozzolanic materials with cement or lime

in aggregate layers, either rated as bound or unbound layers, depending, e.g., on whether their

indirect tcnsiJc strength is above or below 80 kPa (NAASRA, J 986).

Fly ash is classed as a Il'ost-susceptible materia!, which is a major drawback in and possibly more.

Negative environmental impacts hom a fly ash fill are unlikely. but a study has to be made of the

chemical composition of its leachate; its corrosivity on buried pipes, culverts, or other structural

elements; and its radioactivity (Radium-226).

Maximum Strength: .An upper limit'ofstrength 5.5 MPa is advised to avoid distinct cracking which

may reflect through the asphalt surface.

Similar guidelines hold for lime-stabilized fly ash base courses, except that the design criteria refer

to the 28-day, rather than the 7-day strength, because of the slower rate of cementation. The

minimum strength required is also correspondingly higher (3.7 to 4.1 MPa). In some areas, standard

strength tests must be complemented by the evaluation of durability, such as through 11'ecze-thaw

tests.
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Figure 2.1 (a, b, c) shows the compaction and strength characteristics of compacted Australian fly

ash with the addition of cement or lime. For this (class F) fly ash, lime was ineffective as a

stabilizer: considerable amounts of cement were needed to achieve strengths as would be required

in a base course. In the.se tests, the ash-cement .combinations were compacted within 5 to 10 min

after the addition of water. Ash-lime- water mixtures were allowed to cure overnight before

compaction.

2.2.3 SOIL MODIFIED WITH FLY ASH AND CEMENT OR LIME

For cohesionless soils or soils with very low plasticity (plasticity index <10), cement will be more

effective than lime, either alone or when combined with fly ash. For more plastic soils, either

cement or lime may be added. with fly ash. Only a soils testing program can indicate optimal mixes

and relative economies. Fly ash could also serve as a filler in the bituminous stabilization of coarse-

grained materials.

Fig 2.2 (a.b) demonstrates the elTect of Ill' ash on the density and strength of a cement-stabilized

sand. The sand in question is of medium gain size (0'0 = 0.3 mm), is fairly unif()rm (USCS

classification SP), and is from the Woy Woy area, New South Wales. The Miniature Harvard

Compaction Test was used in these experiments; this procedure allows easy preparation of a large

number of specimens, but the density results may not be equivalent to proctor compaction and the

strength values may be affected by the small size of the specimen. The class F fly ash added acted

primarily as a filler, enhancing the binding effect of the cement. All the materials were mixed in a

dry state. Both, the density as well as the unconfined compressive strength showed maximum

values when the mix was proportioned.at around 20% fly ash to 80% sand.

Stabilization of a sandy road hase with a fly-ash-cement mix, rather than cement alone, creates a

less-permeable stiffer layer. This may result .in reduced long-term maintenance. Initial financial

benelits depend on local material and transport costs.

It has also been demonstrated that cement-fly-ash-sand or cement-Ily-ash-gravel mixtures shrink

less than soil-cement mixtures. Greater shrinkage is observed in these combinations if the cement is

replaced by lime.
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Fig 2.3 (a, b) presents some test results obtained with an inorganic clay of intermediate plasticity

(LL = 45%, PI = 22%) from Gosford, New South Wales. The soil was air-dried and then broken

down into small crumbs. The soil was premoistened for 24 hour before lime, fly ash, and additional

water was added immediately. before compaction.

As fig 2.3 (a, b) shows, lime and fly ash reduce the maximum dry density of clay, The

corresponding optimum water content tends to increase, although results at low lime percentages

«2%) can be inconsi"sten1. The unconfined compressive strength of this clay rose with the addition

of fly ash to the lime (Fig 2.4) indications are the additional strength gains couId have been

achieved if the lime-fly-ash content would have been increased further. In these experiments the

lime-fly-ash mix formed a coating around the soil crumbs, which was visible as a light-colored

matrix in the compacted specimen.



Fig 2.1 b. Unconfined compressive strength as a function of the additive content (specimen

compacted near optimum water content with standard compactive effort) (After
Hausmann, 1990)

Compaction curves of fly ash with 5% additive (After Hausmann, 1990)
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Fig 2.4 Unconfined compressive strength of a medium plastic clay with lime and lime-fly-ash

additive (After Hausmann, 1990)
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2.2.4.1 GENERAL

DESCRIPTION OF THE MATERIAL AND SAMPLE

PREPARATION

a. Unburned materials 5.0%.

b. Silica (Si02) 46.0%

c. Iron (Fe)03) 3.5%

d. Allumini'l1l11 (AbO)) 34.5%

e. Calcium (CaO) 7.0%
f. Sodium (NaO) 0.2%.
n Magnesium (MgO) 1.8%......

h. Potassium (K2O) 0.5%.

.J. Sulphat (SO]) 1.5%

2.2.4 MECHANICAL BEHAVIOUR OF COAL FLY ASHES

2.2.4.2.

Gatti and Tripiciano (1981) found out the mechanical behavior of coal fly ashes and the results of a

series of laboratory tests of coal ashes are presented on the basis of which the shear strcngth and

deformability characteristics of the waste material can be defined. Different conditions of pJacing

and ageing are considered. A stress strain relationship, suitable for practical applications, is derived

which allows for relating the material behavior to the ageing time.

The chemical composition of the ashes, deriving hom coal burnt with 5% of gas oil, is was follows:

The results of the mineralogicaJ analysis, by means of x-ray diffractometer are reported in fig 2.5. If

they concern both virgin ashes and residual products after heating up to 1000 C The identified

crystalline phases are: Muilite (All, Si2013), about 25%, and quartz (Si02), about 3%. Traces of

Cristobalite are present in the residlial material after heating. The presence of Mllilite is duc to

Alluminolls clay minerals contained in the coal, Since the amount of crystalling phases is about



25% to 30% of the ash total weight the nature of amorphous components was determined by

. thermal analysis (fig 2.6,) showing a behavior typical of carbonous substances.

Thc results of grain size analyses are reported in fig 2.7. The virgin ashes are very uniform and

have small particle size; the specific weight of the grains is between 22.2 and 22.6 kN/n? and

atterbergs limits are PL= 36%, LL= 39%. Sincc the material presents a pozzolan like behavior with

time, two series of tests were performed on the virgin ashes (V) and on the recovered ashes (R).

obtained by pulverizing ashes the sitting and hardening of which were allowed for 40 days. The R-

.ashes, whose grain size distribution is reported in fig 2.7, are characterized by the following index

properties: Density = 22.5 -22.6 kN/m3
; PL = 41 %, LL = 44%. In order to simulate the lield

conditions of hydraulic and compacted lills two different procedures were used for sample

prepamtion adopting:

a. Ashes mixed with water at a percentage much higher than the liquid limit (68% _

75% for V-ashes; 75% - 95% for R-ashes), without compaction, but allowing

hardening with time (V-A and R-A samples).

b. Ashes compacted (Modified proctor Test-ASTM D-1557-58T) at the optimum water

content and at a water content smaller than the optimum one (V-B and R-I3

samples).

In order to simulate various environmental situations the samples were aged under the following

conditions:

a. Room temperature and humidity (not controlled).

b. Room teliiperature, 100% relative humidity.

c.Room temperature, under water.

d. 20 to 22°C temperature, 65% - 75% relative humidity.

e. 20 to 22 °c temperature, 100% relative humidity.

f 20 to 22°C temperature, under water.

The tests were carried out after 7 to ] 80 days (ageing time) hom the sample preparation. This in

order to investigate the variation of the geotechnical properties with time.
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C. PERMEABILITY TESTS

A. SETTING TIME

7

8

]9

Time of setting (hour)

12

36

53

Beginning of setting (hour)

Table 2.1 Setting Time Tests

53
64
75

LABORA TORY TESTS

Initial water content %

2.2.4.3

_The setting time was determined on samples prepared with V-ashes, mixed with various

percentage of water, which werc kept at content temperature (20°C) and humidity (75%). The

results of tests are reported in Table 2.1.

B. COMPACTION AND CBRTESTS

The results of tests are reported in fig 2.8. For V-and R-ashes, respectively, the optimum water

content was 28°;', and 36% and the maximum dry density was J 2, 24 and] 1.40 kN/m3 The CBR

tests were performed on samples of V-B-ashes at optimum water content. After immersion in

water for 3 and 28 days the values of CBR were, respectively, 25% and 250%.

The tests were carried out on V -13 samples compacted at the water content of 1 J .5% and 28%. In

fig 2.9, it is shown that the permeability decreases with time: as expected, the samples with water

content close to the optimum have coefficient of permeability smaller than that of the other

samples.
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Fig 2,8, Compaction test (After Gatti and Tripiciano, 1981)
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D. UNCONFINED COMPRESSION TESTS

The tests were performed on V-A samples stored under conditions 1 of6, and on R-A-5 and R-A-6

samples, with T' rangillg from 2 to 180 days. The samples were prepared during February, August

and November. For all tests the unconfined compression strength appears to decrease with

increasing moisture. The high resistance of V -A-l and V -A-4 samples is probably due to noticeablc

reduction of the water. content. The vcrtical strains at failure decreases with increasing T: the

reduction is more appreciable for samples stored under conditions I and 4 than for the other

samples. The R-A samples have very low compression strength, about 10kpa, practically constant

with 1. The different behavior of V-A and R-A samples is clearly due to the pozzolan type

properties of the V-ashes.

Eo TRIAXIAL TESTS

Triaxial CIU tests werc performed on V-A samples aged. Other tests were performed on V-B

samples compacted at W=12% and 28%, and on R-B samples compacted at w=30% and 36%,

without ageing. In 1980 cm tests have been carried out only on 2.5% and 4°/" whi Ie that at 50% of

the failure load is between 0.7% and 1%.

The limited experimental information so far obtained from CID tests does not allow for assessing

the influence of T on the stress-strain relation ship. However, it appears that the normalization of

the experimental data is possible by means of equation of fig 2.10 V-A-5 samples at T=7 days) on

by the equation proposed by Richard and Abboll (1975). The value of £' are between 0.7 and 1.8

10' kPa and those of £' are between 0.7 and 1.3 104 kPa and those of I~* are hetween 0.4 and

10. I 0
4
kPa. Knowing the vertical £1 and volumetric tv strains it is easy to obtain the shear strain

Y13. In fig 2. I I the 1: 13 =(a, _aj )/2vs. 1: 13 is reported for V -A-5 samples with T=7 days.

F. OEDOMETER TESTS.

Both V:A and V-R samples were tested. No ageing was allowed for V-A samples thus thc selling

process of the virgin ashes developed during the tests. In order to investigate the effect of this

phenomenon non standard odometer tests were performed in addition to the standard ones, with
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Fig.2.10 cm triaxial test experimental values (v-A-S sample at 7=days) (After Gatti and

Tripiciano, 1981)

load increments applied either every 12 hours or every hour. The results of such tests are reported

in fig 2.12 together with those of the tests on R-A samples.

o t 2 3 ~ 5 ~ 7
Fig. 2.11 cm in axial test (TY) experimental values (v-A-S samples at T=7 days) (After Gatti and

Tripiciano, 1981)
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Fig 2,12, Typical odometer test (After Gatti and Tripiciano, 1981)



c. A stress-strain relationship applicable to practical problems was detennined for ashes type A on

the basis of triaxial CIU tests.

d. The experimental results show t11at the usc of virgin ashes is preferable for fields under water,

while for compacted embankments both virgin and recovered ashes can be adopted.

3 J

,.

MATERIALS

Finally the mam findings of the experimental study so far carried out can be

General

2.2.4.4

summarized as fol]ows:

2.2.5 PERMEABILITY OF FLOW ABLE SLURRY
CONT AJNING FOUNDRY SAND AND FLY ASH

2.2.5.1.

a.fhe virgin coal ashes type A (i.e. mixed with water and not compacted) snow a remarkable

variation of strength and deformabi]ity characteristics with time due to the presence of

alluminous clay minerals in the coal.

b. On the contrary, for the recovered ashes type A such a variation is quite limited.

Naik and Singb (] 997) made a study to evaluate the efTect of foundry sand and Ily ash on

permeability of Ilowable slurry mixtures. In this work, two reference 110wab]e l1y ash sturry

mixtures were proportioned for strength levels in the range 01'0.34-0.69 MPs (50-100 psi) at28 day

using two difrerent 'Sources of ASTM Class F Ily ash. Other mixtures contained clean and usee!

foundry sands as a replacement for Ily ash in the range of 30-85%. The permeability of the

Ilowable mixtures was affecled by an increase in either the water to cementitious materials ratio or

the foundry sand content. The permeability values were either comparable to or lower titious

materials ratio or the foundry sand content. The permeability values were either comparable to or

lower than those reported ror granular compacted fills up to 85% Ily ash replacement with foundry

sand. The type of foundry sand (clean or used) did not materially alTect permeability of the

mixtures tested. The permeability values for the mixtures tested varied from 3 x 10 - (, to 74 x ]0 - (,

cm/s.

Previously Naik and his associates have conducted a great deal of research. A large number of

investigations have been carried out to develop excavatab]e CLSM mixtures having the 28e!
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compressive strength in the range of 0.34-0.69 MPa. However, no information is available on

propcrties of CLSM containing foundry sand. Very few measured the permeability of CLSM

mixtures. Generally, the pereability of exeavatable slurry mixtures is identical to that of compacted

granular fills, rangil1g between 10 c; and 10 - ; cm/s. To reduce permeability, the cementitious

content of nowable slurry material needs to be increased. The permeability reported by thc Electric

Power Research Institute for Class F 11y ash slurry material ranged hom 19.3 x 10- 6 cm/s for 5%

cement slurry to an average of 3.3 x 10-4 cm/s for 20% cement slurry. This study also found that

Class F fly ash slurry mixtures had higher permeability than mixtures containing Class C ny ash.

Latter on he carried out a research to evaluate the strength and permeability of excavatable flowable

slurry materials incorporating clean as well as used foundry sands with ny ash. The result of this

work would be useful in establishing mixture proportion and production technology for foundry

sand containing flowable slurry materials for field applications.

2.2.5.2 MATERIALS

A. SAND

Both clean (unused) and used foundry sands were obtained for this investigation. The clean sand

was obtained from a sand mining company is Wisconsin and the used foundry sand was obtained

from Maynard Steel CastingC. Milwaukee. For the purpose of comparison. some properties of

regular concrete sand were also measured. Physical properties of foundry sands were determined

using appropriate ASTM standards. However, a modified ASTM C 88 was used to measure

soundness of the foundry sands. In accordance with ASTM C 88 test standards, the test sample was

such that it contained 100 g of all materials retained on each of the no. 4 (4.75mm). no. 8

(2.36mm), no. 16 (1.18mm), no. 30 (600um), and no. 50 (300 um) sieves, and respectively passed

through the following sieves: 9.5mm (3/8 in.), no 4 (4.75mm), no 8 (2.36mm), no. 16 (1.18 mm),

and no. 30 (600um). Since foundry sand was finer than the no. 30 sieve, only about 0.2-2.1 % of the

sands was retained on the no.4 (4.75ml11)-no. 30 (600um) sieves. Therefore, the ASTM sample

requirement was 1110dified to evaluate the soundness of the foundry sands for this investigation.

Only one sample was used (100 g passing through the no. 30 (600 um) sieve and retained on hte no.

50 (300um) sieve.

The physical properties data for the two foundry sands and regular concrete sand are shown in

Table 2.2. The properties of used foundry sand vary greatly due to the type of metal cast and

foundry processing equipment used, the type of additive for mold marking, the number of times the
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sand is recycled in the process, and the type and amount of binder used. The unit weight of the used

sand was greater than that of the clean, sand which may be attributed to particles of such materials

as steel pellets bonded to the sand during the foundry process. Both the clean and the used foundry

sands exhibited high absorption values compared to the regular concrete sand. However, the

difference between the values for clean and used foundry sands was insignificant. The materials

finer than the no. 200 (75um) sieve were slightly higher for the used foundry sand, relative to the

clean foundry sand. The difference it the results probably was due to the presence of binders in the

used foundry sand. The ASTM limit for deleterious substance in fine aggregate is 5% for all

concretes (for concrete subjected to abrasion, it is 3%). The results for the sand used for the project

showed low values of clay lumps and friable particle for all sands tested: all the values wcre less

than thc allowable ASTM limit. However, the used foundry sand has the highest value of all the

sands tested. This is primarily due (0 the presence of binders in the used foundry sand, which were

probably dissolved during (he soaking in water for 24 h and then were washed away when sieved in

accordance with ASTM C 142. The mass losses suffered were 10% for the reglilar concrete and

10.5% for the clean foundry sand when subjected to the soundness test ;n accordance with ASTM C

88. Thus, both the sands showed values below the ASTM limit of l2%. However, the loss for the

used foundry sand was very high (54.9%). This occurred because the used sand particles were

weakness due to temperature shock that occurs during molding operations. This led to cracking and

quicker deterioration of the used sand particles in the chemicals used for the soundness test pet

i\STM.Since CLSM is a low-strength material, the used of weaker sane! produced during molding

will not cause any problems in obtaining the strength levels varying f,'om 0.34 to 0.69 MPa (SO to

100 psi). Therefore, higher values of mass loss during the soundness testing will not have any

appreciable effect on. the performance of used foundry sand containing CLSM. These foundry

sands have also shown acceptable performance in concrete. The sieve analysis data are presented in

Table-2.3.
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Table 2.2. Physical properties of sand (After Naik, T.R. And Singh, 1997)

As

Rl>CC1VC Bulk Clay Lumps Soundness

" Uilit 13ulk Spccifi APP:ucll SSD ,mel f"riabk 01 M<ncrial
Moisture Weighl Soec]lic , 1 Absorption Void Fineness Particks (';'-,» Aggregates Finel
COlllen[ (kg/Ill~) Grm'ily Grnvity Specific (%) (%) Modulus (%) Thal1llo

('YoJ) (SSD) Gravity 200 (75

em) Sieve
~,l1lll :\."T:\I !\:-;TM I\."TM ,\:-;T,\I ,\:-;'1'1\'1 t\;';Tivl '\ST r\ST,\'1 .\ST,\[ AS"1',\'[ i\."T,\[
IVP" ( :S(,(, C:~l) U~N Cl2H (;121\ Cl2H M C 1.1(, (: I.l() O~g Ul7
(I) (') I') (4) (5) (I,) (7) C2'J (9) ell I) (" ) Ci 2)

.

(")
Salld I Il,.1;) l.S4!) 2.4,1 2. 47 2.52 1.0 2),1"1 ;.57 I' , [O,lI jAil
S:llld 2. (1.1') 1.7.111 2..1N 2.SIl 2.70 4.1] .111\ 2..';:; ILl IlI.S 11.17
S;\nJ ,) IJ 25 1,71\4 2.44 2. 57 2.7lJ S.1l 14.H ' "' 11.4 54,9 111,S-"),:,,

N')l,: S:llld '[ n.:gllbr CrJl1tTl"IC ~:1l1J:;;:\Ilu:2 ck<11l t"()unury s:lI1U (1,';;1) : nnJ sand .1 LlSCU rllundr)' ,:lIlU (I"~2)

Table 2.3 Sieve Analysis Results for Sand (ASTM C .136)

Pcn.:cnt Retillncd on Each Sieve CUllllllnlivc Percenl Retained Cumulalive Perccnt Passing Required ASTM c

33
SicvCl S,lI1ci I Sand 2 Sand 3 Sand 1 Sand 2 Sand 3 Sand I Sand Silllcl3 ClIl11ltlillivc passing
SI7C (2) (3) (4) (5) (6) (7) (8) (91 ( 101 ('%){ II)
tI)

No 4 11.1 0.0 00 01 0.0 0.0 99.9 100 100 95-100
No g 12.g (j.O 0.0 13.0 0.0 0.0 87.0 100 1011 80-100
No IG 13,6 0.0 0.0 26,6 0.0 0.0 73.4 1110 lOll 5()-4~
No 30 18.9 0.1 0,5 45,5 0.1 0.5 54.) 99.9 S/),5 2)-60
1\10 50 32.2 41.4 46.1 77.7 41.5 46.6 223 58,5 53.4 10-30
No 100 IG.6 54.6 47.1 94.2 96.1 93.7 5,8 3,9 6.3 2-10

Note Sand J regulnr concrete saI\d : Sand 2 Clenn fi.)lllldry sand (FSl). and Sand 3 Used foundl'Y sand (FS2)
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The SJeve analysis grading curves were plotted along with the ASTM standard grading

requirements for regUlar sand used" in concrete mixtures. From the plot it is found that both the

clean foundry sand and the used foundry sand are finer and they are outside the ASTM Iimits. It

was found that the foundry sands contain predominantly finer particles compared of those of

regular sand. Approximately 50-60% of the clean and used foundry sands passed through the no.

50-60% of the clean and used foundry sands passed through the no. 50 sieve (95-100% passed

through the no. 30 sieve). The chemical properties of the foundry sands were also determined and

are reported elsewhere (Naik and Singh 1994).

B. FLY ASH

Two ASTivl Class fly ashes (101 an(] 1'2), obtained from two different sources in Wisconsin, were

used in this work. Their physical properties were determined in accordance with ASTM C 311. The

test data on these fly ashes are shown in Table 2.4. All the physical properties of the fly ashes,

except the strcngth activity index at 7 d for fly ash F1 and loss on ignition for fly ash F2, satislied

the requirements of the ASTM C 618 for Class F 11y ash. The chemical properties data on these 11)'

ashes arc reported in Table 2.5.

375 CEMENT

A typc I cement secured hom one source was used throughout this investigation. Its physical and

chcmical properties mcthods. The result of the physical and chemical properties of the port land

cement used in this \vork is shown In Tables 2.6 and 2.7, respectively. The cement met the ASTM

C 150 specilicatiol1 for Type 1 cement.
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Table 2.4. Physical propertics oftly ashcs. (After Naik, T.R. And Singh, 1997)

Physical Properties Fly ash Fl Fly ash F2 ASTM C 618

(1 ) (2) (3) Class F 11y ash

(4)

Fi neness retained on no. 325 sieve (%) 20.3 13.7 34 maXinlL1111

strength activity index with cement 7

d (% of control) 62.5 83.7 75 minimum

Strength activity index witb cement, 28

d (% of control) 75.0 86.9 75 minimum

\Vater requirement (% of control) 100 10.33 ] 05 maximum

AUloclave expansion (%) 0.00 -0.03 =0.8

Speciilc gravity 2.22 2. ] 9 -

Required for use in concrete

Table 2.5 Chcmieal Composition of Portland Cemcnt and .FlyAshes (After Naik, T.R. And

Singh, 1997)

Ana]yte Lafarge, ASTM C 150 F] F2 ASTM C 6]8
(] ) Type 1 Type i (%) (3) (%) (%) Class F (%)

cement (%) (4) (5)
(2)

S;02 203 - 484 46.] -
A],O:; 4.3 - 27.0 244 -

Fe2O, 2.6 - 6.6 21.6 -

Total S;02 + 27.2 - 82.2 92.] 70.0 minimum
A 1;0] 7 Fe2O,
SO] - . - 0.6 15 5.0 maximum

MgO 2.2 6.0 maximum 2.0 1.0 5.0 maximum

CaO 63.6 - 8.5 3.2 -

T,02 0.3 - 1.3 0.9 -

K20 0.80 - 1.0 14 -
Moisture content - - 0.2 04 3.0 1113xinllllll

Loss on ignition 0.6 3.0 maximum 2.8 ]0.7 6.0 maximum

Required for use in concrete
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T~ble 2.6. Physie~1Properties ()fPortl~mfCement. (After N~ik, T.R. And Singh, 1997)

MIXTURE PROPORTIONS FOR FLOWABLE SLURRY

MATERIALS

2.2.5.3.

In this work, two reference ilowable Oy ash slurry mixtures were used. The fIrst one was

proportioned with ily ash Fl. The second mixture was proportioned with ily ash 1'2. Both mixtures

were proportioned to obtain ilowable slurry. For each reference mixture. additional mixtures were

proportioned with foundry sand as a partial replacement of ily ash. All mixtures were proportioned

to have the 28 day compressive strength in the range of 034-0.69 MPa (50- 100 psi). A total of 18

different ily ash slurry mixtures were proportioned and produced at the CBU Concrete Research

Laboratory. Of these, two wcre the control mixtures without foundry sand, and the remaining 16

had four different replacement of l1y ash by the foundry sand was on a weight hasis. The mixture

proportions are presel1led in Tables 2.7 and 2.8. The ilow/spread wad determined in accordance

with the ACI 229, method, as reported earlier by Naik et, al (1990).

Physical test Lafarge, Type 1 cement ASTM C 150 Type 1 cemcnt
( 1) (2) (3)

Air content of cement mortar (%) 9.] 12 maximuI11
Fineness: specifIc surface. (air 367 280 minimum

permeability test) (m'/kg)

I Autoclave expansion (%) -0.01 0.8 maximum

Compressive strength (MPa) 3.12 -

Iday 14.4 -
3day 26.6 12.3

28day 38. I -,
Vicat timc of initial setting (min) 207 45 minimum
Vicat time initial setting (111im) - 375 maximum



Table 2.7. MixtUl'e Proportions ~nd Fresh Slurry Properties for FlyAsh .F1 Mixture

(After Naik, T.R. And Singh, 1997)

Itelll Mixture NUlllher

(I) SI S2 S3 84 S5 86 S7 S8 .')9
. (2) Cl) (4) (5) (6) (7) IS) (9) ( 10)

Foundry S,lIld ('X,) 0 30 (FSI) 50 (FS) 70 (FSI) S5IFS[) 30 (FS2) 50 (I":S2) 70 (FS2) 85(FS2)

Cement (KgJl1l') 36 44 37 35 46 44 37 ](i 46

Fly ash (kg/Ill") 1.044 899 737 4fQ 244 1)99 Tn 490 24N

hlllildry SiIIlci (kg/m') 0 398. 756 1.149 1.274 405 7-:-7 1104 IA34

\\fmcl- (I(g/m") 540 450 406 363 363 450 405 368 369

IWI(C: FA)I 0.50 0.4 Ii 0.)2 0.70 1.2) OAS () 52 070 1.2:'

Flow/,:;pl'cnd (111111) .. 413 40() 4()O 406 406 406 40() 400 413

Air COlllen! ('!'o) . 1.2 1.2 0.6 0.6 0.7 1.2 OS 07 07

Air lclllpcrallilc te) [39 11.1 [4A 167 [4A 13,9 14A 14A 14.4

Sllirry tel11perature (Ile) [6 [ 16.1 15,6 16.7 16.1 17.2 19-" 17A 17,2
SluIT)' density (kg/nr') 1.621 1,791 1.948 2,027 I 2,065 1,797 1,932 2054 2.IOX
':'FSI clean foundry sand : and FS2 llsed foundry sand

Table2.8.Mi:\iurePropOliionsand FreshSlurryPropertics. (AfterNail<,T.R And Singh,1997)

Ilelll Mix!mc NumhCJ

([) PI fl2 fl3 1'4 P5 P(J 1'7 1'8 P91') (3) (4) (5) (6) (7) IS) (9) ( 10)
Foulldn' Snt1d (%) 0 30 (FSI) 50 (FS) 70 (FS[) S5IFS[) 30 W'::l2) :,,0 (FS2) 70 (FSJ) 85 (FSJ)
CCl11enl (Kg/nh . 47 46 44 47 44 47 46 47 4,

F1~1asil (kg/Ill') fU4 795 634 451 242 812 666 478 249

Foundry s,md (kg/Ill ') 0 356 633 1.105 1.461 549 710 1.166 1.503

\Vuter (1<g/l1r') 685 561 507 297 322 361 467 351 ]11

IW/{C+FA)] O.JX 0.67 0.75 060 [ 12 042 0,6(j 0,67 1.05

I'low/spreild (mill) 29X 292 305 305 330 305 311 337 31g

Air cnrllCIll (%) 0.8 1.2 0.4 0.5 OA I.J 0.5 III 0.3

Air lcmpenllure (oC) 14.4 34.4 32,8 14.4 16.1 15,5 14,4 16, I 16.1

SlulT\' lempcrillurc (0(') 17.2 [R 9 18.3 18.9 l':Ui 17.2 17.8 19.4 20Ji

Slurry densily (kg/Ill") 1.)67 1.756 I.g47 1.900 VJ67 1.769 1.906 2JJlS 2 108
~I:S I ckiln roullciry s,1I](1 . ill1d I:S2 - used foundry s,md



ASTM d5.

Cylinders (] 50 x 300111m) were made for the measurement of plastic properties as well as the

compressive strength of the flowable -slurry materials. To measure permeability of mixtures, ] 00 x

]25 mm cylinders were cast. AI] specie preparations were done in accordance with ASTM C 192.

Cylinders up to ]4 d were also evaluated for bleed water. Tlement 50mm ( 2 in.) l6 penny nail

penetration, and shrinkage cracks. These parameters were determined at ages of ], 3, 5, 7,10 and

14 d. The settlement was determined measuring the height of the cylindrica] specimen (l50 x 111m)

placed in a plastic mo]d at each' test age. A decrease height of the cylindrical specimen was used as

a measure settlement of the mixture. The nai.! penetration test was formed by applying moderate

pressure (22-44N) on the mm long nail. At each age, the compressive strength was sured ill

accordance with ASTM D 4832. The permeability the mixtures was evaluated ill accordance with

MANUFACTURING TECHNIQUE

PRI~PARATION AND TESTING OF SJ'ECTMENS

2.2.5.4

2.2.5.5.

All the constituent materials for the fly ash slurry mixtures were mixed at the CBU Concrete

Research Laboratory using a 0.25 m3 capacity power-driven revolving drum mixer. At the present

time. a standard mixing procedure for slurry is not availab]e. As a resulL the mixing procedure. as

described nexL was developed by the writers at CBU (Nail< e( al. 1990). For the control mixtures

without foundry sand, the inside of the mixer was initially sprayed with water, and then the mixer

drum was drained of any excess water. All the cement and half of the mixing water were added in

the mixer and mixed for three minutes. Then, half of (he fly ash wad added and mixed for three

morc minutes. The remaining water' and fly ash were alternately added in smaller quantities to

obtain the required consistency. Finally, the entire batch was mixed for five minutes. However. for

al] other mixtures, after spraying the mixer with water and draining the excess water. all the

foundry sand and cement were mixed together for three minutes, then half of the water required

was added and mixed for another three minutes. Thereafter. half of the fly ash was added and

mixed for three minutes and the remaining fly ash and water were added alternately in small

quantities. Fina]ly. the entire batch was mixed for live minutes. The Ilow/spread. air content.

temperature. density, etc. were determined for each test mixture before casting test specimens.



0.3400.69 MPa (50- J 00 psi) ..

B. COMPRESSIVE STRENGTH

4U

TEST RESULTS AND ANALYSIS

A. PLASTIC PROPERTlES

2.2.5.6.

The mixtures made with fly ash F I showed some bleed at the J hage, and the bleed water decreased

generally lime up to J day. In the case of the fly ash F2 mixtures, mixtures except the 85% foundry

sand mixtures exhibited sence of bleed water even at the lh hage. This may be attri to the greater

fil1eness of fly ash F2 and the Jesse;' 'amo water used in these mixtures compared to the fly ash

mixtures. All the fly ash F2 mixtures became hard at the age of 5 days.

'fhe plastic properties of the flowable slurry mixture mined were flow/spread, temperature, unit

weight, settlen bleed water, shrinkage cracks, and conditions of set. A discussion of these plastic

pl'Operties is included in this p. A detailed description of the results on plastic properties these

mixtures has been reported elsewhere (NaiJ and S J 994). The unit weight of slurry material was

found to in the range of J .570,2. J 15 kg/m3

Thc compressive strength data for the' slurry mixtures tested are ploned in Figs 2. J 3-2.15. The

compressive slrength for all the slurry mixtures with and without foundry sand varied hom 0.] 7 to

0,4 J MPa (25 10 60 psi) at the 7 days age (Fig 2.13). The compressive slrength values ranged hom

0.27 to 0.55 MPa (40 10 80 psi) for the fly ash FJ mixtures and 0.31 100.62 MPa (45 to 90 psi) for

the 11y ash F2 mixtures at 28 days (Fig. 2.]4). These values are in the range specified at 28 d of

Mostly due to setting and hardening of the mixtures, the depth of nail penetration decreased with

age. Test data showed a slight increase in settlement up to 3d. Thereafter, the settlement became

. approximately constant. In genera], totaJ settlement was found to be less than J 8 mm for the F I

mixtures and 3.2 mm of the F2 mixtures with or without foundry sand up to ]4 days. The
(

settlement substantially decreased with decreasing water content of the mixtures evaluated in this

work. For maintaining settlement less than or equal to 3 mm (l/8 in), the water content of the

mixtures should be maintained so as to have a flow of 279 m111of less. All of the test specimens

showed absence of shrinkage cracks up to the] 4 days age.
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As expected, the compressive strength increased with age for all the mixtures tested. In general, the

compressive strength increased with increasing amount of foundry .sand up to a certain limit and

then decreased (Fig 2.J 5). The level of foundry sand corresponding to the maximum compressive

strength depended greatly upon mixture proportions, type of foundry sand (clean or used), and age.

Based on the compressive strength results, it was concluded that 110wablc slurry with up to 85% 11y

ash replacement with clean or used foundry can be manufactured without significantly affecting the

strength of the reference mixtures. However, for obtaining relatively high strength for ages at 28

days and beyond for the mixtures tested, fly ash replacement with the foundry sands should vary

between 30 to 50%.
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Fig 2.13. Compressive Strength versus Percentage of Foundry Sand at 7days Age. (AIla-Naik,TRAndSingb,

Fig 2.14. Compressive Strength versus Percentage of Foundry Sand at 28 days Age. (AIla-Naik,TR AndSingh,1997)



Fig2.l5. COlllfIt$veS1rength versusPen:en1ageofFOIlIldJy Sand at91day1; Age. (Afler Naik; TR AOOSingb, 1997)
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C. PERMEABILITY

Test results are presented in Table 2.9 for the fly ash Fl mixtures and in Table 2.10 for thelly ash

1'2 mixtures. The results are also presented in Figs 2.16 - 2.18. The permeability 0t'the fly ash 1'1

slurry mixtures varied from 4 x 10 -" cm/s to 72 x 10 - 6 cm/s, and for fly ash 1'2 the slurry mixtures

varied from both the fly ash mixtures were only slightly affected by the increasing foundry sand

content for up to 70% fly ash replacement at the age of 30 days (Figs J 6 and 17). The minimum

permeability value was obseived age 30% fly ash replacement with foundry sand. However, it

increased abrujltly when the replacement levels for the fly ashes with foundry sand were increased

to 8S'Yo from 70%. The increase may be attributed to the increase in voids produced by the increase

in the amount of foundry sand, and to the decrease in the amount offind particles of the fly ash in

the mixture. Additionally, they may be a decrease in grain and pore refinement of the materials due

to decreases in the pozzolonic rcaction of the fly ash.

There was no significant effect of types of foundry sand (clean or used) on the permeability values

of-the mixture tested (Table 2.9 and 2.10 and Figs 2.16 and 2.17). The efIeet of the source of the fly

ash on the permeability was also insignificant for the mixtures tested. The effect of the water to

cementitious materials ratio [WI (C +FA)] on the permeability of it mixtures is shown in Figs. 2.17

- 2.19. The permeability increase with an increase in the water to cementitious materials ratio. The

results show low permeability value_s LlPto 70% fly ash replacement with foundry sand in the S 1(C

+ FA) range 0.4-0.8. The permeability values for the mixtures with a without foundry sands were

found to vary between 4 x 10 and 72 x 10 - 6 cm/s. These values are comparable to the observed for

granular fill materials, ranging between 10 - 6 X 10 and 100 x 10 - 6 cm/s.
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Table 2.9. Permeability of Fly Ash F1 Mixtures with and without Foundry Sand

(AfterNaik,T.R AndSingh,1997)

Mixture Foundry Fly ash WI (C + C/W Cement Specime Permeability
no sand FI FA) ratio content n no (x 10.6 cm/s)
(I) (%) (%) (4) (%) (7)

(2) (3) (5) (6) Actual Average
(8) (9)

SI 0 100 0.50 0.067 2.2 1 10.6 109
SI 0 100 "0.50 0.067 2.2 2 10.7
Sl 0 100 0.50 0.067 2.2 3 11.4
S2 30 (FSI) 70 0.48 0.098 2.5 I 3.9 4.3
S2 30 (FSI) 70 0.48 0.098 2.5 2 -
S2 30 (FSI) 70 0.48 0.098 2.5 3 4.6
S3 50 (FSI) 50 0.52 0.091 1.9 I 8.0 7.5
S3 50 (FSI) 50 0.52 0.091 1.9 2 7.0
S3 50 (FSI) 50 0.52 0.091 1.9 3 -
S4 70 (FSI) 30 0.70 0.097 1.7 I 15.6 13.8
S4 70 (FSI) 30 0.70 0.097 1.7 2 12.1
S4 70 (FSI) 30 0.70 0.097 1.7 ,

13.6J
S5 85 (FSI) 15 1.25 0.126 2.4 1 - 74.2
S5 85 (FSI) 15 1.25 0.126 2.4 2 75.1
S5 85 (FSI) 15 1.25 0.126 2.4 3 73.3
S6 30 (FS2) 70 0.48 0.098 2.5 I 4.8 5.6
S6 30 (FS2) 70 0.48 0.098 2.5 2 5.8
S6 30 (FS2) 70 0.48 0.098 2.5 3 6.3
S7 50 (FS2) 50 0.52 0.091 1.9 I 7.8 7.9
S7 50 (FS2) 50 0.52 0.091 1.9 2 8.0
S7 50 (FS2) 50 0.52 0.091 1.9 3 -
S8 70 (FS2) 30 0.70 0.097 1.8 I 11.7 11.1
S8 70 (FS2) 30 0.70 0.097 1.8 2 11.0
S8 70 (FS2) 30 0.70 0.097 1.8 3 10.5
S9 85 (FS2) 15 1.25 0.125 2.2 I 73.6 71.9
S9 85 (FS2) 15 1.25 0.125 2.2 2 62.5
S9 85 (FS2) 15 1.25 0.125 2.2 3 79.5
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Tablc 2.10. Pcnileability of Fly Ash F2 Mixturcs with and without Foundry Sand

(Mer Naik,ToRAnd Singh, 1997)

I Mix!u Foundry Fly ash WI (C+ C/W Cement Specime Permeability
re no sand F1 FA) ratio content n no (x 10.6 cm/s)
(1) (%) (%) (4) (0;(, ) (7)

I
(2) (3) (5) (6) AClual Average

(8) (9)
PI 0 100 0.78 0.0683 3.0 1 9.2 9.8
PI 0 100 0.78 0.0683 3.0 2. 9.9
PI 0 100 . 0.78 0.0683 3.0 3 10.3
1'2 30 (FS1) 70 0.67 0.0816 2.6 1 9.1 8.3
P? 30 (FSI) 70 0.67 0.0816 2.6 2 7.?
P? 30 (FS1) 70 0.67 0.0816 2.6 ,

8.6. .J

1'3 50 (FS1) 50 0.75 0.0855 24 1 101 11.6
1'3 50 (FSl) .. 50 Q.75 0.0855 2.4 2 12.8
1'3 50 (FS1) 50 0.75 0.0855 2.4 ,

11.9~
1'4 70 (FS1) 30 060 0156 2.5 1 15.6 13.4
P4 70 (FSl) 30 0.60 0156 ?5 ? 11.2
1'4 70 (FS1) 30 0.60 0156 ?5 ,

-' -
1'5 85 (FS1) 15 1.12 0.135 2.1 1 65.9 69.3
1'5 85 (FS I) 15 1.12 0.135 2.1 2 7/.7
1'5 85 (FS1) IS 1.12 0.135 2.1 3 -
1'6 30 (FS?) 70 0.42 0.130 2.7 1 4.4 4.8
1'6 30 (FS?) 70 0.42 0.130 2.7 2 4.9
1'6 30 (FS?) 70 0.42 0.130 2.7 3 5.1
1'7 50 (FS2) 50 0.64 0.1 00 2.5 1 7.0 6.5
1'7 50 (FS2) 50 0.64 0100 2.5 2 6.0
1'7 50 (FS2) 50 0.64 0.100 2.5 ,

-' -
1'8 70 (FS2) "30 0.67 0.130 2.2 1 13.1 12.6
1'8 70 (FS2) 30 0.67 0.130 2.2 2 12.2
1'8 70 (FS?) 30 0.67 0.130 2.? ,

.12.5-'1'9 85 (lOS?) 15 1.05 0.145 2.1 1 66.3 64.9
1'9 85 (FS2) 15 1.05 0.145 2. I 2 60.9
1'9 85 (FS2) 15 1.05 0.145 2.1 ,

67.5.,
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Fig 2.17 Permeability versus Water to Cementitious Materials Ratio for Fly Ash F I Slurry

Mixtures with and without Foundry. (AllerNaik, TR And Singh, 1997)

Fig 2.16. I'ermeability of Slurry Mixtures as Function of Four dry Sand Content. (AHerNaik, TR And

Singh, 1997)



1.05

Permeability (cm/s2
lOx 10" to I 00 x 10"
Less than 0, I , 10.6

Permeability (cm/s)
10 , 10'(' to 100 , 10'"
Less than 0.1 x IO-()

(hf,,-",.

.~-~"'*_._,------_._-----,------

Materials
Compacted Fi II
Clay

o Fly Ash 1'2 - Clean Foundry Sand (FS I)

Materials
, Compacted Fill

Clay

4~Ci 0 Fly Ash 1'2 - Used Foundry Sand (FS2)

8Dr---"'"

•

Fig 2,18, Permeability versus Water to Cementitious Materials Ratio for Fly Ash 1'2 Slurry

Mixtures Containing Clean Foundry. (AflerNaik,TR And Singh, 1997)

Fig 2,19, Permeability versus Water to Cementitious Materials Ratio for Fly Ash 1'2 Slurry

Mixtures Containing Used Foundry Sand (FS2), (AfterNaik, TRAnd Singh, 1997)
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2.2.5.7. Finally the following major conclusions were drawn hom the basis of thc work

completed in his investigation. \

a. Flowable slurry mate'rials can be manufactured using foundry sand as a replacement

of 11y ash up to 85% for strength leve]s in the range of 0.27 - 0.6] MPa (40-90 psi) at 28d.

b. The two sources of fly ash used in this study produced the same effect on the

pertneahility. The same was also true for the two types of foundry sands used.

c. The minimum permeability was observed at ]0% fly.ash replacement with foundry

sand. However, the permeahilities of the test mixtures were not significantly influenced by

the inclusion of foundry sand up to 70% fly ash replacement.

d. At 85% ,:ep]acement of foundry sand, a sharp increase in permeability was observed.

e. The permeability values of the mixtures were low for the water to cementitious

materials ratio vaJues ranging between 0.4 and 0.8. Above the water to cemcntitious

materials ratio of 0.8, the permeability values increased rapidly for mixtures tested in the

investigation.

2.3 LIME FLY ASH-SOIL MIXTURE

Nettleton (] 962) showed improvement of the strength properties of residual clay usingllyash as

sole additive ..However, he fUf.ther observed that the additionaJ of a smaJi amount of lime in llyash-

soil mixtures further improved the strength of the stabiJized soil. Subsequently. many authors have

indicated the usc ofllyash as an additive in ]imc-soil mixtures to achieve better strength of the

mixture. However, there exist about Jittle literature describing the use of flyash a lesson soil

stabilization.

In mechanism of lime, llyash; and soil in stabilization as describe by Chu et a] (1955) as follows:

Flyash is a gray, dust Jike ash which resuJts li'om burning powered coal. The coal is burned while in

suspension in air, and the resuJting ash consists largely of tiny spheres of silica and aJull1ina glass.

The ash is similar to volcanic ash used in early Roma construction. It is a pozzo]anic material; at is,

•••



so
it is not itself a cement, but it reacts with lime and waler to form cementitious material. However, it

is the reaction of lime and Ilyash which is utilized to stabilize soils, After mixing the proper

proportion the mixtures in a moist, non plastic state, but it can be readily compacted to form a

dense mass.

Leonard and Davidson,(1959) reported that because of the slow reaction of lime absorption, the

development of the slow reaction of lime absorption, the development of compressive strength of a

soil, lime and Jlyash mixture is slow. Therefore, the rate of development of compressive strength of

lime-Iayash reaction is directly related to the rate of lime absorption by the Jlyash. The rate of lime

absorption is lim ited by the rate of diffusion of the calcium through the reaction product.

Gray and Lin (1972) stated that Ilyash exhibits age hardening, or pozzolanic, properties. This

pozzolanic behavior tends to limit the extent of actual field settlement in the long run. Partial

saturation also accounts for a considerable difference of behaviour in compression.

Pozzolanic materials are defined .as siliceOlis, or siliceous and aluminous materialy which

themselves exhibit little' or no cenlentitious value, but will. in the presence of moisture, chemically

react with calcium .hydrulic ordinary temperatures to form compounds possessing cementitious

properties.

One of the main questions in soi.l, lime, and Ilyash stabilization is how much lime and Jlyash are

needed. The amount and proportions of the lime and tlyash admixtures are governed by the desired

strength in the stabilized soil and by economy.

,
Mateos and Davidson (1962) stated that there is no optimum amount, nor optimum ratio, of lime,
and Il)'ash for stabilizing all soils. The amounts of lime and tlyash to be used depend greatly on the

kinds ;01' Ilyash and soil, and some what on the kind of lime. The authors found that the amount of

hydrated lime for granular soils should be from 3 to 6 percent and the amount ofllyash between 10

and 25 percent For clay soils, the' amount of lime should be between 5 and 9 percent and the

amount of Ilyash between] 0 and 25 percent. At low lime contents (about 3 percent) calcitic

hydrated lime 'vas found to be more eflicient than dolomitic monohydrated lime for stabilizing

clayey soils, with or without Jlyash. "At higher lime contents, dolomitic monohydrated lime gave

bettcr strength than calcitic hydratedlimc.
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Minnick and Miller (1950) found that the coarser the material to the stabilized with lime and flyash.

thc higher the volume offlysh that is required.

FACTOR INFLUENCING LlME- FLY ASH STABILlZA nON

b. Amount and ratio of lime and tlyash in the mixture the amount of additional or

variations in the ratio of lime to flyash considerably aHect the strength of a stabilized soil.

For a given ratio of lime to flyash, increasing the amount of the additives increases the

compressive strength of the stabilized soii. The effect may not be great for some soils when

the variation is within a certain range.

a. Properties of Soil: Cohesive soil possesses properties which are different to those of

cohesion less soil, The stability a lime-flyash-soil mixture is thus greatly iniluenced the kind

of soil. Montmorillonitic soil is more alfected by reaction to lime and ilyash than illitac soil.

Mainfort (1955) stated that several inorganic cementing materials are capable of hardening or

otherwise modifying the physical characteristics of soils. However, inorganic cementing agents are

particularly susceptible to moisture attack during conditions of fi-eezing and thawing.

c. Properties of Lime and Flyash Depending on the source of raw material contents

vary considerably J'i'ol11sources to sources therefore the compressive strength is affected by

the source of a ilyash.

VISCOCHIL et al (1958) have shown that the density of soil, lime, and nyash mixtures IS

dependent on the cOll1pactive effort.applied, but the density also depends on the limelflyash ratio.

The densitv is decreased bv higher contents of lime because of two factors: Lime itself is less.; . •.... ~

dense than soil or tlyash, and lime cause aggregation of clay. The authors further stated that the

unconfined compressive strength is primarily influenced by cementation and does not give a true

measure of the ti-ictional strength developed in a confined state. Therefore, a stabilized granular

material with relatively low unconfined compressive strength may show satisfactory stability.

2.3.1

The stability of lime-flyash-soil mixtures is affected by many variables. According to CHU et al

(1955), the following are main factors which affect the stability of a stabilized soil.
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d. Aging. of lime greatly influences tile compressive strength of lime, ilyash, and soil

mixtures . .Increased amounts of carbonates contained in lime, due to aging to aging, reduce

the reactivity of lime and hence deduce the unconfined compressive strength of tile mixture

of lime, ilyash, and soil.

e. Moisture contents of mixture; Thc unconfined compressive strength of lime and

flyash stabilized soil is greatly affected by the moisture content ofthemixture at the time of

m ixi ng. The optimum moisture content of a lime and flyasll stabi lized soi I increases sl ightly

during the curing period. Thus, it is better to compact tile mixture on the wet side to

optimum moisture content as found from the proctor compaction curve.

1'. Method and degree of compaction; The unconfined compressive strength of lime-

ilyash-soilmixture is remarkably affected by the method and degree of compaction.

g. Length of curing period; The compressive strength of mixtures of lime, flyash, and

soi I increases wi til an increase in the duration of curing. Experiments have shown that a

fairly long curing period, perhaps 28 days, is desirable before evaluating the stability of

mixtures of lime, ilyash, and soil.

h. Condition during curing; Elevated temperatures result in much higher compressive

strengths than tll.ose obtained by curing at about 22:!: 3C (Chu et aL 1955). However, higher

temperatures may not be attainable in tile field under conventional methods of curing. The

effect of the relative humidity during curing on compressive .strength is not so distincl.

Maximum compressive strength is achieved with relative humidity lower than 100 percenl.

However, lower than 90 percent of relative humidity is not 'recolllmended (CI-IU et aL

1955).
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2.4. LIME-SOIL MIXTURE'"-'

2.4.1. LIME STABILISATION

Stabilization of soils with lime is similar to cement stabilization in that similar criteria and testing

and construction techniques are employed. There are however, significant differences in the nature

and rate of the cementitious reactions and these often permit a clear basis of choice between cement

and lime.

Lime is an elTective additive for clayey soils for improving workability, strength and volume

slability. Lime stabilization is suitable for more plastic clayey soi1s and is less suitable for granular

matcrials. It is used 1110rewidely as a construction expedient, that is to prepare a soil for further

treatment or to render a sufficient improvement to support construction traffic.

2.4.2 PREVIOUS WORK AND CONCLUSIVE RESULTS

Considerable research has been conducted by numerous investigators to determine the suitabiIity of

the various forms of lime as a soil stabilizing agen!. The physical properties of plastic soils are

considerably modificd by the addition of small quantities of lime. The plasticity is reduced, and the

soil become more friable, hence easier to mix and mold to uniform density.

Glin and I-Iandy (1963) stressed that hydrated lime added to clayey soils caused to beneficial

modifications: (a) Rapid depression of the plasticity index, and (b) Long-term cementation

attributable to chemical reactions between the lime and siliceous minerals, or glasses.

Mateos (1964) stated that quick lime lowers the plasticity of a soil more than an equivalent amount

of hydrated lime. Quick lime was also more e1Tectivc in improving the shrinkage properties of a

soil than hydrated lime.

Diamond and Kinter (1965) dcscribed tbe response of soil to treatment with lime as complex and

often dramatic. They further stated that various explanillions have been proposed to account for

these responses, includ.ing:

a. Cation exchange i.e, replacement by calcium cations (derived hom lime) of the

exchangeable sodium. magnesium, or other cations previously held by soil:
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b. Flocculation of clay, and a consequent increase in effective grain size:

c. Carbonation, i.e., reaction of lime witll carbon dioxide from the atmosphere to form

calcium carbonate, which can exert cementing action; and

d. Poziolanic reaction with soil constituents to generate new minerals of a

cememti ti 0 us _.natures.

Herzog and Mitoeil (1963) described the responses of lime differently in that the reactions laking

place between clay minerals and lime may be divided into two distinct types those which are

completed rapidly (ion exchange and Oocculation) and reactions which proceed slowly

(carbonation, pozzolanic reactions, and the formation of new materials).

The authors further explained that the addition of lime to clays causes Ooculation hecause of the

increased electrolyte content of therefore watcr and also a result of ion exchange the clay to the

calcium form .

.Although Oocu!atioil and ion exchange may be completed in a new days, the slower reaction

producting cementitious material in Lime-clay mixtures may be formed by carbonation and by

chemica! reactions between clay contents and limc. Carbonation is normally confined to surfaced

exposed to air and involves the conversion of lime to calcium carbonate by carbon dioxide

absorbed hom the air. Calcium carbonate cements soil particles together and enhances their

stability.

Clay minerals and some other soil components possess pozzolanic properties. The addition of lime

to soil causes an instantaneous rise in the pH of the molding water due to solution and dissociation

of the Ca (01-1)2. The high pl-l increases the reactivity of surface silica and alumina. The calcium

ion combine with the reactive hydrous silica and alumina and from gradually hardening

cementitious material.
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'fhe cation exchange capacity depends very much on the pH of the soil water and on the type of

clay mineral in the soil. Among the types of clay minerals, montmoril.lonite has the highest, and the

kaolinite has the lowest, cation exchange capacity.

Eadcs and Grin (1960) stated that the quantity of lime needed to treat elTectively a clay mineral IS

dependent on the type of mineral present

Grim (1953) stated that the general order of replaceability of the common cations associated with

soils is given by the lyotropic series,'Na+ < K + < Ca ++ < Mg ++ cations tend to replace cations to

the leCt in the series and monovalent cations are usually replaceable by multivalent cations.

The addition of lime and soil supplies an excess of Ca and cation exchange will ouuur, with Ca++

replacing dissimilar cations from the exchange complex of the soil. In some cases, the exchange

complex is practically Ca saturated before the lime addition and cation exchange does not occur. or

is minimized.

Herrin and Mitchell (1961) showed that there is a rapid increase in strength of soil-lime mixtures at

the beginning increase becomes less and less. After considerable curing time, the strength appears

to be still increasing, but very slightly.

Ladd et al (1960) i'eported that lime reduces the compacted density of soils and increases the

optimum water content. Lime increases the soaked strength of soils after humid curing periods, but

the elTectiveness, oflime treatment varies considerably with soil type.

The less plastic soils, such as silts and organic soils, are often less responsive to lime than soils of

increased plasticity, such as clays.

The maximum soaked strength of lime-stabilized soils usually occurs at optimum water content for

compaction. except for plastic or organic clays where the maximum strength may occur on the wet

side of the optimummoisturecontenl:
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2.4.3 MATERJALSFOR LIME STABILIZATION

The materials to be cQnsidered in lii11,estabilization are lime, soil and water, and it is impOltant that the

type of lime to be used is clearly defined.

2.4.3.1 LIM E

Lime, refers to hydrated or slaked lime (calcium hydroxide), quicklime (calcium oxide), or dolomitic

limes (calcium/magnesium oxide), that is, the highly alkaline (pH> 12.3) lime products. Agricultural

lime (calcium carbonate) is not suitable for stabilization. Dolomitic lime is usually not as effective as

calcium lime (i.e., hydrated or slaked lime and quicklime). In order to give a common quantitative

base, Iime contents are expressed as equivalent 100 per cent pure hydratcdlime. On a mass basis pure

quicklime is equivalent to 1.32 units of hydrated lime. All commercial lime products are likely to have

impurities (carbonates, silica, alumin~, 'etc.), which dilute the active additive but are not harmful to the

stabilization reaction.

Hydrated lime comes in the form of a dry, very fine powder or as slurry. Quicklime and dolomitic

limes are commonly much more granular than the hydrated products and are available only as a dry

product. These limes rapidly'react with any available water producing hydrated lime, releasing

considerable amounts of heat. The water content of common slurry limes can range hom 80 to 200 per

cent. Table 2.11 summarizes the propelties of hydrated, quick and slurry lime.

The efficiency of lime stabilization de.jJends in part on the type of lime material used. Quicklime is

generally more effective than hydrated lime (Kezdi, 1979), but generally it needs care in handling for

soils with high moisture contents. Unslaked lime or quicklime is more effective since water will be

absorbed from the soi.1 and more importantly, the hydration wiJl cause an increase in temperature

which is favorable to strength gain (I3rol11s, 1986).
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Parameters Hydrated Lime QuickLime Slurry Lime

Composition Ca(OH)2 CaO Ca(OHh

Form Fine Powder Granular Slurry

Equivalent 1.00 1.32 0.56 to 0.33

Ca(OH)2/Unit Mass

Bulk Density (kg/n,.') 450to 560 1050 1250

2.4.3.2

Lime has also little effect in highly organic soils and also in soils with little or no clay content. Lime

usually reacts with most soils with a p.lasticity index ranging fi-om 10%, to 50%,. Those soils with a

plasticity index of less than 10% require a pozzolan for the necessary reaction with .lime to take place.

fly ash being commonly used. Lime is particularly suited to stabilize highly plastic clay soils. In such

soils the lime will immediately create a more fi.iable structure. which is easier to work and compact.

although a lower maximum density will be achieved, and lime may be used solely for this reason as a

pre-treatment to further additions of lime. Lime reacts more quickly with montmorillonitic clays than

with kaolinitic clays. In montmorillonitic clays the plasticity is reduced, but tllis may not happen with

kaolinitic clays.

The addition of lime has little effect on soils that contain either a small clav coment or none at all., . -'

,
Table 2.11 Properties of lime (after NAASRA, 1986)

57

,, ,

•

The effect of soil moist\lre content is impoltant on.ly where it affects the operation of compacting or

pulverizing equipment by being either too low or too high. In wet clays the use of lime to effect rapid

changes in plasticity is the basis of the application oflime stabilization as a construction expedient.
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2.4.3.3 WATER

Potable waleI' is preferred for lime stabilization. Acidic (organic) water should be avoided. Seawater

can be used but should be avoided where a bituminous seal is to be placed, as crystallization of salts

may lift the seal. The amount of water used in lime stabilization is governed by the requirements of

compaction. However, if quicklime is used then extra water may be required in soils having less than

50 per cent moisture coptent to provide for the very rapid hydration process. However, the moisture

content of the soil at the pulverization' and mixing stage is less important than in the case of cemelll

stabilization.

2.4.4 MECHANISMS OF LIME STABlLlZA nON

It is recognized that lime has an immediate effect on clay soils, improving its granulation and handling

properties. The effect varies with the actual clay mineral present, being large with montmorillonite

group clays and low to non-existent with kaolinite group clays. Lime has longer-term effects on

strength: causing continuing stfength inlprovements with time.

The basic mechanisms of soiJ-lime interactions have been described by Eades and Grim (1960),
,

Compendium (J 987), IRe (1973a) and Hausmann (1990). The basic mechanisms that have been

identiJied in soil-lime interaction are base exchange (ion exchange), Ilocculation, cementation and

carbonation. These mechanisms are briefly presented in the following sections.

2.4.4.1 BASE EXCHANGE AND FLOCClJLAnON

Clay particles are usually negatively charged and they contain adsorbed exchangeable cations of

sodium. magnesium, potassium or hydrogen on the surface. The strong positively charged cations of ,

caJcium present in lime replace the weaker ions of sodium. magnesium, potassium or hydrogen present

on the clay surface and this base-exchange results in a predominance of positively charged calcium

lons on the surf~lce of clay particles .. This reaction is usually completed within a few days of the

miXIng.

This change in the cation exchange complex affects the way the structural components of tbe clay

minerals are connected together. Lime causes clay to coagulate, aggregate, or flocculate. Tbe plasticity

of clay (measured in terms of Atterberg limits) is reduced, making it more easily workable and

potentially increasing its strength and stiffiless.
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2.4.4.2 CEMENTATION

(2.2)

(21 )Co + f + 2(OIf) - +Si02 ()oil SiliccU=:>CSHi

Ca"- + 2(OH)' +A12 0] (,S'oilalumina)=:> CAH;

Icades and Grims (1960) indicated to the formation of new crystalline phases in the soil lime

electro]yte system due to the addition of lime to the soil in presence of water, which are tentatively

identified as calcium silicate hydrate. The reaction of lime with three layers materia], which are

mOl11morl]inite, kaolinite, and illite begin by the replacement of existing cations between the silicate

sheets with C3++. Fol]owing the saturation of inter layer positions with Ca++. the whole clay minerals

deteriorate without the formation of substantial new crystalline phases ..

Cementation is the main.contributor to the strength of the stabilized soil. The higher the surface area of

the soil, the more effective is this process. ]f lime is added in excess of the limelixation point.

complex chemical reactions similar to pozzolanic reactions are known to take place between lime and

the clay minerals in the soil. These reaction products are cementitious. The aluminous and siliceous

materials in clayey soil have no cemelltitious value by themselves but react with calcium hydroxide in

the presence of water to form cementitious compounds according to the following equations:

In equations2.] and 2.2, CSH and CAJ-I are cementitious products. The above reactions represented

by Equations 2.1 and 2.2 are slow and.long-tenn in nature. Long term chemical reaction of lime with

certain e]ay mineraJS(si]icate and aluminate) of soil in presence of water is referred to pozzolanic

reaction in lime stabilization. Moreover, these reactions are more effective when the soil-lime mixture

is adequately compacted. Cementation is, however, .limited hy the amount of a available silica.

Increasing the quantity of lime added wil.l increase strength only up to the point where alJ the silica of

the clay is used up: adding too much lime can actual.ly be counterproductive. This contrasts with

cement stabi]ization. where strength continues to improve witll the amount of admixture. Cementation

on the surface of clay lumps causes a rapid initial strength gain, but further diffusion of the lime in the

soil will bring about continued improvement i'n the longer term, measured in weeks or months.

Herzog and Mitchell (1963) illdicated'that soil ]ime pozzolanic reaction usually does not appear unti I

after long curing period and than only in cases where a high percentage of lime was added. Pozzolanic

materials (silicious orA]uminous) po'ssess little or no cementetious value, in Jine]y divided form ancl in
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the presence of moisture; chemically react with calcium hydroxide at ordinary temperatures to form
•••• "'\IF ~ ...-...' t< ••••

compounds possessing cementetious properties. Asserson et al. (] 974) worked with red tropical soils

suggestcd that after the initial 7 days'of curing, strength increases as a result of hydration and increase

in crystallizing of reaction products rather than Ii"om the continued formation of additional pozzo]anic

compounds.

Ramie (1987) indicated that sUl'face chemical reaction can occur and new phase may nucleate dircctly

on the surface 01' clay particles while conducting research concerning the adsorption of lime by

kaolinite and montmorillonite. They mentioned that it is also possible that the reactions may occur by a

combination of through solution (solution-precipitation) and surface chemica] (hydration-

crysta]lization) process. Kezdi (1979) stated the dissociation of hydrated lime into Ca++ and 01-1-

causes loss of its crystalline structure and assume an amorphous form and flocculation of clay particles

occurs, causing improvement of soil texture, rendering the soil more workable.

2.4.4.3 CARBONA nON

As lime absorbs carbon dioxide Ii"om the air, calcium carbonate (CaC03) is formed. These carbonates

are relatively weak cementing agent (Hausmann, ] 990). This reaction is the slowest of all the reactions

involved in a soi]-limc system and as in pozzolanic reaction, requires that the mixture must be

Ihoroughly compacted. Carbonation 111aybe beneficial where lime is plentiful: the CaC03 formed will

not react any further with the soil.

Eades et 211. (] 962) demonstrated that although carbonation does take place, the strength gain is said to

OCCur by virtue of cementation of soil grains with calcium carbonate is negligib]e. Yu Kuen (] 975)

stated that carbonaiion'is normally confined to the surface exposed to the air and involves the

conversion of Iime to the Calcium carbonate by carbon dioxide absorbed Ji'om the air.

2.4.5 FACTORS AFFECTING LIME STABiLIZA nON

I)roperties of lime-treated soils are influenced by several factors. These factors are broadly classified as

materia] factors and production factors. Material factors deal with the composition of the untreated soil

and its response to lime. The production factors include the quality of water, lime, the uniformity of

mixing and curing. The factors influencing the properties of lime-treated soil are described in the

(ollowing sections.
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2.4.5.1 SOIL CHARACTERISTICS

2.4.5.1.1 TYPE OF SOIL

For lime to be elTective,'there must be within the soil, clay particles or other pozzo]anic materials that

are reactive with the lime. Thompson, (] 966a) stated that the extent of improvement of the engincering

charactcristics of soil depends largely upon the soil type, The gain in strength of a soil lime system is

mainly due to the pozzalonic reaction i.e. the long term reaction betwcen lime and celiain clay

minerals (silicate and a]uminates) in the presence of water. He also noted that soils having larger

amount of clay ii'action and less amount of organic matter are very efTective to lime stabilization.

]n general thc more plastic the clay fines and the higher the clay content. the larger will be the lime

content to produce a specific strength gain or other effect. On the other hand, the amount of bonding

achievable with lime can be. limited by the amount of reactive material. For lime stabilization to be

success/itl, the cJay content of the soil should not be less than 20% and the sum of the silt and clay

fractions should preferably exceed 35%, which is normally the case when the plasticity index of the

soil is greater than 10"(Broll1s, ]986): Ingles and Metcalf (1972) did not recommend crushed rock and

sands for use inhme stabilization.

Nassra (1970) stated that highly plastic soils are more effective to gain strength. NASSRA (1970)

pointed out that soil having plasticity index in the range of 10 to over 50 are suitable for lime

stabilization. Soils with plasticity index lower than] 0 do not react readily with lime, although there arc

some few exceptions. Ingles and Metcalf (1972) studicd the effect of the unconfined compressive

strength on different types of soil stabilized using lime. Jt was fond that the strength of lime stabilized

silty clay is higher than the other types of soil.

Yu Kuen (1975) stated (hat in general, highly plastic soils are more effective than other types of soil

when stabilized with lime.

Compendium (1987) stated that lime is very effective in stabilizing the clay soils with a substantial

portion of the coarse grained soil.

Rodriguez et al. (1988) noted that the maximum effect of lime is on clayey gravel soil. Sometimes. the
/

strength increase due to lime stabilization on these types of soil is such that the stabilized soil becomes

stronger than those that would be obtained with cement. Rodriguez et a1. (] 988) also reponed that lime
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has been more frequently used with plastic clays, which become more workable and easy to compact.

Lime also provides volumetric stability of the soil in the presence of changing water.

ORGANIC MATTER PRESENT IN THE SOIL2.4.5.1.2

The pH value of the soil, which indicates its acidity or alkalinity, is of great imporlance to lime-

stabilization. Ho and Handy (1963) have shown that for montmorillonite clays that no lime reaction

occurs at pH less than 11.0'. The presence of significant amounts of sulphate diminishes the

eJkctiveness of lime. The Indian Road Congress, IRC (1976) specifications also requires that where

the sulphate content is in excess of 0.2 percent, special studies would be needed to determine the

efficacy of lime-treatment.

Seraiuddin (1992) reported the resulfs of three types of lime treated soil of the South West region of

Bangladesh. Silt and clay types of soil were used in the investigation. The results of the investigation

arc shown in Fig. 2.21. It has been f()LlI1dthat silty soil has much lower unconfined compressive

strength than the clay types of soil.

Locat el al. (1990) studied the effect of four types of soil of Canada stabilized with lime. He observed

that the unconfined compressive strength of the silty clay soil is higher than the other types of soil. Fig.

2.20 shows the variation of unconfined compressive strength with lime content lor four types of soil. 11

has been found that the Ipaximum strength is gained by the soil with higher clay content.

One of the important factors that inhibit lime-soi.l reaction is the organic content. One of the possible

reasons is that organic matter has a high base exchange capacity and when lime is added to such soils,

some of the Ca++ ions are used to satisfy the exchange capacity of the organic matter, thus depriving

the clay minerals of calcium .ions for pozzolanic reactions. Ingles and Metcalf (J 972) reported that

organic soi Is should not be used in lime stabilization. However, IRC (1973a) recommended a

maximum limit of2% organic content for lime stabilization.

Nassara (1970) stated that the presence of organic matter in the soil reduces the strength of the

stabilized soil. He pointed that soil containing more then 3% of organic matter is very harmful to the

strength development of the stabilized soil.

Arman and MuhIakh (1972) studied the effect of the percent of organic matter on the unconlined

compressive strength of the .lime-stabilized soil. It has been found that the presence of organic matter
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in the soil reduce the strength of the stabilized soil to a large extent. As the organic content on the soil

increase, unconfined compressive strength continues to decrease as shown in Fig. 2.L2.

I-Iohn et al. (1983) also stated that the effect of lime decreases with increasing organic content. The

strength increase of lime stabi.lized organic soil is very low. According to them, one of the possible

reasons is that organic matter has high base exchange capacity. When lime is added to organic soils me

of the Ca++ ions are used to satisfy the exchange capacity of organic matter, thus depriving the clay

minerals of calcium ions for pozzalanic tenons. Even a small amount of organic content can have a

large effect on strength.

2.4.5.2 LIME CONTENT

The strength.of soil-lime mix is determined to a great extent by the quantity of lime added. Small

quantities of lime, I to 2 percent, help in the immediate effects caused by the base exchange and

flocculation. The tangible effect of soil-lime stabilization in increasing the strength of the mixture

begins to be felt as.the lime content is ulrther increased and this is due to pozzolanic reactions resulting

in the production of cementitious compounds. It is also observed that this strength gain is timc-

dependent and efllciencies in strength gain due to varymg lime percentages are more marked for

longer curing periods.
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Ingles and Metcalf (1972) suggested that the addition of up to 3% of lime would modify well graded

clay gravels, while 2%'to 4% was required for the stahilization of silty clay, and 3% to 8'/) was

proposed for stabilization of heavy and very heavy clays, Ingles and Metcalf (1972) further suggested

that a useful guide is to allow 1% of lime (by weight of dry soil) for each 10% of clay in the soil.

Hausmann (1990) stated that the practical lime content for lime stabilization varies from 2% to 8%.

Variation of the unconfined compressive strength of the lime stabilized soil due to the variation of the

lime content as found by Molla (1997) is shown in Fig. 2.23 for three regional soils of Bangladesh. It

can be seen from Fig. 2.23 that the unconfined compressive strength of the lime stabilized soil increase

with the increase.of linie content for all the three soil types. In another investigation of soil of Dhaka,

Abid (2002) also found that unconfined compressive strength increases with increase of lime content

(Fig-2.24).

Optimum lime content is the lime content by which thc maximum strength of the lime stabilized soil

can be achieved. Researchers stated "different criteria for optimum lime content. Herrin and Mitchell

(196.1) pointed that there appears to be no optimum limc content in the lime stabilized soil, which will

produce a maximum strength of the soil under all conditions. However, it can be stated that for a

. paliicular condition of soil type and curing time, there is a corresponding lime content. which will

produce maximum strength.

Based on intensive investigation at the Jowa State University, Diamond and Kinter (1965) defined

optimum lime content as one at which the percentage of lime is such that additional increments oflime

will produce no appreciable increase in the plastic limit. According to them, lime content above the

lime fixation point for a,soil will generally contribute to the improvement of soil workability, but may

not result in suflicient strength increase. Hilt and Davidson (.1960) suggested that the plastic limi! is the

indicative only of the optimum lime content in clayey soil and it is necessary to lise additional amount

oflime to permit the formation of cementing materials within clay soil for strength increase.
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2.4.5.3 MIXING AND COMPACTlON PROCEDURE

2.4.5.3.1 COMPACTlVE EFFORT

The succcss of lime-soil stabilization technique depends to a great extent on adequate compaction of

the mixture. Compactioi1 is considered to be nccessary for bringing the clay minerals into close and

intimate contact with. the lime particlcs so that the inter-growth of crystalline reaction products is

facilitated (Croft, 1964). With soil-lime mixture, the greater the compactive effort, the more is the

strength attained. Taking typical data fi'om Remus and Davidson (1961), a calcitic lime (6 percent)

used with glacial till soil yielded an unconfined compressive strength (7 days cure and 24 hours

immersion) of 250 psi at Standard AASJ-l0 compaction. For the same conditions. but with modilied

AASHO compaction, the strength increased to 525 psi.

Compendium (1987) stated that the maximum dry density normally continues to decrease as the lime

content is increased. In addition, the optimum moisture content increases with increasing lime content.

Hausmann (1990) pointed that flocculation and cemcntation will make the soil more difticult to

compact, therefore, the 1118ximum dry density achieved with a particular compactive effol1 is reduced.

Faisal et al. (1992) noted that the addition of lime leads to decrease in the dry density of the soil and an

increase in optimum moisture content, for the same compactive effol1. The decrease in maximum dry

density of the treated soil is the reflection of the increased resistance offered by the flocculated soil

structure to that compactive effort. Faisal et al. (1992) also noted that the increase in optimum moisture

content is probably a consequence of additional water held within the flocculated soil structure

resulting from lime interaction with soil.

Dunlop (1977) observed thatunconnned compressive strength of the lime stabilized soil is increased

abolll 15% percent j~JrModified Proctor tcst method than the Standard Proctor testmcthod, about 25%

reduction of strength at about half of the Standard Proctor compactive effort. Dunlop (J 977) also

staled that strength of the stabilized soil is also dependent upon the uniformity of the compaction. He

showed that increasing the number o~blows per layer from the standard cOl11pactive effort but keep.ing

the weight less than the standard compactive eff011 and reducing the failing height gives as much as

10% increase in strength ..

Scrajuddin (1992) repolted lime stabilized soil attains higher strength and density in Modified Proctor

test method than the Standm'd Proctor test method. Serajuddin (1992) also observed that the

compactive effort has a large effect on the CBR value of the lime stabilized soil. Serajuddin (1992)

found that the CBR value of the stabilized soil is as twice in the Modined Proctor test method than the
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Standard Proctor test method. It has also been reported that unconfined compressive strength of the

lime stabilized soil increase about 25% percent in the modified proctor test method than the standard

proctor test method and about 40% in reduction of strength at about half of the compactive effort in the

standard proctor test method.

Molla (1997) investigated the effect of the amount of compaction energy on unconfined compressive

strength of three regional soils (LL = 34 - 47, Iw = 9 - 26) of Bangladesh. Molla (1997) reported that

unconnncd compressive strength increases with the increase in compaction energy as shown in Fig.

2.25.

2.4.5.3.2 COMPACTION DELAY TIME

Compaction delay time is the time interval between mixing of lime with soil and compaction. Mitchell

and Hooper (196]) [i'om their experiments on an expansive clay reported that a delay between mixing

and compaction is definitely detrimental in terms of density, swell and strength for samplcs under the

same compactive effOli. Croft (1964) also concluded that compaction should proceed immediately.

The sooner the particles are brought into contact with one another, the greater will be the nnal strength

achieved and prolonged delays will certainly be detrimental. The IRC (1973b) stipulates a maximum

time lag of 3 hours betw~en mixing and compaction for the construction of roads and runways.

NAASRA (] 986) sUfSgests that if hif,\h'strengths are required, then this can best be obtained by early

compaction as these results in high densities. Delayed compaction lowers density but the rate of

reduction in maximum density is nowhere near as rapid as with cement. 11'soils are wet. a delay can be

used to improve handling and compactability. Conversely, with dry soils a delay in compaction. will

increase the moisture requirements.

Townsend et al. (J 970) observed that the compaction delay time of24 hours can reduce the strength of

the specimen upto 30% as compared to the specimen prepared by compacting immediately after

111lxmg.

••.',_r~



Fig. 2.25 Variation of unconfined compressive strength (qu) at different compactive

effort for stabilized soils using 3% lime (after Molla, 1997)
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Sastry et al. (1987) observed that for a delay period of time for two hours between mlxll1g and

compaction, there is practically no reduction in strength, But for further delay the strength of soi.1 limc

mixture continues to fall, By an indepcndent study Sastry et al. (1987) observed the delay for 96 hours

between mixing and compaction, strength of the soillimc mixture continuous to fall in the same trend.

Compendium (J 987) stated that granular soil-lime mixturc should be compacted as soon as possiblc

ancr mixing, although delays up to two days arc not dctrimental. especially if the soil is not allowcd to

dry ouL Finc grain soils can also be compacted, soon after tinal mixing, although dclays of up to 4

. days are not detrimcntal.

Boominathan and Prasad (1992) stated that compaction delay of 24 hours can decrcase the strength

from 30% to 70%, Boominathan and Prasad (1992) reported that the reduction in strength and dcnsity

are attributed to granulation of lose soil pmticles by week cementation, as the soil mellows.

Molla (1997) investigated the effect of compaction deJay time on unconfined comprcssive strength of

three regional soils of Bangladesh. Molla (1997) repolied that unconfined compressive strength

decreases with the increase in compaction delay time. This trend is presented in Fig. 2.26 for two sods

which found by Shahjahan 200 I.

2.4.5.4 CURING TIME AND CURING CONDITIONS

'fhe shcar strcngth of liil1e-treated soils increase with time in a manner simdar to concrcte or soil-

cemcnt mix. The rate of increase is generally rapid at the early stage of curing timc and thereafter the

rate of increase in strength reduces with time. Though strength gains do occur even after prolonged

curing, the soil-lime mixtures are normally designcd for a curing period of 7 to 28 days (lRC, 1976).

8roms (1986) repOlted that shcar strength of stabilized clays will normally be higher than that oi'

untreated clay after mixing.

Hilt and Davidson (1960) conducted unconfined compressive strength test on lime stabi lized si Ity

clays and found that the rate of strength gain is relatively constant upto 150 days, after which the rate

slowed.
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Ingles and Metcalf (J 972) also studied the effect of time on the unconfined compressive strength. The

variation of strength for the different curing age as found by Ingles and Metcalf (1972) is presented in

Fig. 2.27. From Fig. 2.27, it can be seen that strength gain of the lime stabilized soil is highly

dependent upon the soil type. For some soil the rate of in crease in strength with curing time is high but

for some soil the rate is slow.

The temperature at which soil-lime mixtures are cured has a profound effect on the strength

characteristics (IRC, 1976; Broms, 1986). Low temperatures are not suitable for the chemical reactions

that are necessary for the cementitious action. The chemical reactions in the soil favored by a high

temperature. In fact, one of the limitations of soil-lime stabilization is the climatic factor. It is found

that reactions are not effective at temperatures below 50°F and therefore under such circumstances,

soil-lime stabilization is not desirable "(IRC, 1976). The rate of strength gain is temperature sensitive

and there is some evidence that the physical form of the cementitious products is sensitive to curing

temperatures (InglcS'md Metcalf; 1972; Bell, 1993). The effect of curing temperature and time on

unconfined compressive strength on a plastic clayey soil stabilized with 5% lime is shown in Fig. 2.28.

It can be seen from Fig. 2.28 that for a pal~ticular curing age unconfined compressive strength increases

considerably with curing temperature' and that at a pmticular temperature strength increases with

1l1CreaS1l1g curmg age.

Hassan (2002) recommanded that degree of strength gain resulted due to increasing lime content and

curing age of AminBazar and Basundara, Dhaka soil. Fig 2.29 and 2.30 shows relationship between qu

and curing period and strength devdopment index increase with increasing curing age and lime

content.

2.4.6 PROPERTIES OF LIME STABILIZED SOIL

. The malll benefits of .Iime stabilization of clays are imported workability, increased strength, and

volume stability. The properties of soil-lime mix have been summarized by a number of investigators

(Ingles and Metcalf 1972: IRe, 1976: Mitchell, ] 981; Kezdi, 1979: NAASRA, 1986; TRB, 1987;

Bell, 1993). In the following sections the various physical and engineel'ing properties of lime stabilized

soils are reviewed.
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2.4.6.1 PLASTICITY AND SHRINKAGE PROPERTIES

Substantia! changes in the plasticity properties are produced by lime treatment. The liquid limit

generally reduces with increasing quantity of I.ime. This observation is by and large true for clayey

soils. !n general. liquid limit decreases' in the more plastic soils, and increases in the less plastic soils

(IRe. ] 976).

Irrespective of the reduction or increase in the liquid limit of the mixture, the plastic limit increases

with the addition of greater percentages of lime, whether the specimens are tcsted immediately or after

a lapse of time. The plastic limit increases with the addition of lime up to some limiting lime content

and any increase thereafter causes insignificant or no increase Mateous, 1964). As a result of the

general decrease in liquid limit and a good rise in the plastic limit, the plasticity index drops down very

considerably and in many cases the soil may become nonp]astic (Mateous, ] 964: Rodroguez et 211 .. ,

1988). Generally, soils with a high clay content or soils exhibiting a high initial plasticity index require

greater quantities of lime for achieving the nonp]astic condition, if it can be achieved at alL The

amount of reduction. in the p]asticity.ilidex varies with the quantity and type of lime and also type of

soil (IRe, ] 976).

I-Ioltz (1969) reported the effects of lime on plastic characteristics of four expansivc montmorilJonitic

clays. These results are presented in Fig. 2.31. I-Ioltz (1969) found that lime drastically reduces liquid

limit and plasticity index and drastically raises the shrinkage ]imit of montmorillonitic clays, as shown

in Fig. 2.3] .



Fig. 2.28 Effect of curing temperature and curing age on unconfined compressive streng1h of a clay of

high plasticity stabilized with 5% lime (after Bell, 1988)
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Fig. 2.30 SDr versus curing age curves of samples of lime-treated soil (After Hassan, 2002) ,
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Ahmed (1984) investigated the effect of increasing lime content on the liquid limit, plastic limit and

plasticity index of regional soils of Bangladesh. Ahmed (1984) found an increase in plastic limit while

liquid limit and the plasticity index reduced with increasing addition of lime. Hossain (1986), however,

found an inci'ease in liquid limit and plastic limit while plasticity index reduced (became nonplastic)

with increasing addition of lime for two regional soils (LL = 25 and 42, PL= 12 and 20) of

Bangladesh. Hossain (2001) also investigated the effect of increasing lime content on the liquid limit

plastic limit. plasticity index and shrinkage limit of a coastal soil (LL = 44. PL = 19) of Bangladesh.

Hossain (2001) found an increase in. plastic limit and shrinkage limit while liquid limit and the

plasticity index reduced with increasl'ng addition of lime, as shown in Fig. 2.32. The linear shrinkage

of a clayey soil is also affected by addition of lime. Linear shrinkage reduces as the lime content

increases (IRe, 1976). Typical results showing the inlluence of linear shrinkage are presented in Fig.

2.33. It can be seen I,'om Fig. 2.33 that compared with the silty clay soil, the reduction in linear

shrinkage with the increase in lime content in the heavy clay is much higher, Hasan (2002) also lound

plastic limit and shrikage limit increases with increasing lime content while liqurd limit and plasticity

index reduced with increase in lime content. Fig 2.34 shows the results of Hasan (2002) analysis.

2.4.6.2 MOISTURE-DENSITY RELAnONS

The addition of lime to clayey soils increases the optimum moisture content and reduces the maximum

dry density for the s,jIi1e compactive effort. This effect is shown in Fig. 2.35. The significance of these

changes depends upon the amount of lime added and the amount of clay minerals present. Flocculation

and cementation make the soil more .difficult to compact and therefore, the maximum dry density

achieved with a particular compactive effort is reduced. As lime treatment ilattens the compaction

curve, a given percentage of the prescribed density can be achieved over a much wider range of

moisture contents so that relaxed moisture control specifications are possible. Due to increase in

optimum moisture content, lime stabilization provides additional advantage when dealing with wet

soils. NAASRA (1986), TRB (1987), Hausmann (1990) and Bell (1993) also repolied reduction in

maximun. dry density due to lime stabilization.



Ahmed (1984), Rajbongshi (1997) and Molla (1997) reported the effect of lime treatment on the

maximum dry density and optimum moisture content of regional and coastal soils of Bangladesh. It

has been reported by Ahmed (1984) that the maximum dry density of two sandy silt and silty clay soils

reduced as lime content increased. Rajbongshi (1997) and Molla (1997) reported that increment of

lime content increases the optimum moisture content and reduces the maximum dry density. TOhe

reduction of maximum dry density with lime content for a coastal soil is shown in Fig. 2.36.

Serajuddin and Azmal (1991) also found that compared with untTeated sample, the' maximum dry

density of lime-treated samples of two tine-grained regional soils reduced while optimum moisture

content slightly increased.

2.4.6.3 UNCONFINED COMPRESSIVE STRENGTH

The unconfined compressive strength of soil-lime mix increases with increasing lime content. The rate

of gain of compressive strength of soil-lime mix in the initial stages (first few days) is considerably

less than that for cement stabilized materials. Lime stabilized materials continue to gain strength with

time provided curing is sustained.

Ahmed (1984) reported the effect of lime content and curing age on unconfined compression strength

for sandy silt and silty clay samples (1.4 in. diameter by 2.8 in.;high) treated with various lime contents

(0.5% to 5%). A typical result for the silty clay sample is shown in Fig. 2.37, which shows that

unconfined compressive strength increases with the increase in lime content and cunng age.

Seraj uddin and Azmal (1991) and Serajuddin (1992) also reported the e1fect of Iime content and

curing age on unconfined compressive strength of samples (50 mm diameter and 100 111mhigh) of

regional alluvial soils of Bangladesh. Samples were treated with 5'%, 7.5% and 10% slaked lime.

Typical results showed that unconfined compressive strength of lime-treated samples increase with the

increase ;n curing age and lime content. Hossain (1986) also found an increase in unconfinecl

compressive strength with the increase in lime content and curing age lime fClr two regional soils of

Bangladesh.
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Fig: 2_34Effect of lime content on Atterberg limits and shrinkage limit of soil (After Hasan, 2002).
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Fig. 2.35 Effect oflime content on maximum dry density and optimum moisture content of a lime-

treated silt (after Kezdi, 1979)
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Rajbongshi (1997) investigated the rate of strength gain with curing time in terms of the parameter

termed as strength development index (SOl) as proposed by Uddin (1995). SOl is defined by the

following expression (Uddin, 1995):

..

(2.3)

SD J = Strength of stabilised sample - Strength oj"untreated sample
Strength of untreated sample

Plotting of SOl with curing age of samples of a lime treated coastal soil is shown in Fig. 2.39. Fig.

2.39 shows that the values of SOl increases with increasing curing time and lime content as well. Fig.

2.39 clearly shows the rclative degree of strength gain resulted due to increasing lime content and

curing age. As can be seen from Fig. 2.39 that the strcngth gain for samples treated with 7% lime are

relatively much higher than those of samples treated with 3% and 5% lime.

I,aj bongshi (1997) and Molla (1997) investigated the effect of molding moisture content on

uncon1Ined compressive strength of lime-treated samples. Unconfined compressive strength of

samples was found to increase with increasing molding moisture content as

shown in Fig. 2.40. Rajbo;1gshi (1997) repOlted that at a particular curing age the values of unconfined

compressive strength. of samples compacted at wet side are higher than the values of unconlined

compressive strength of samples compacted at optimum or dry side of optimum moisture content as

shown in Fig. 2.41. The val ues of unconfined compressive strength of samples compacted at dry side

of optimum moisture content has been found to the least.

Rajbongshi (2001) also investigated the effect of lime content and cunng age on unconfIned

compressive strength of, large diameter samples (2.8 in. diameter by 5.6 in. high) of a coastal soil.

Rajbongshi (1997) reported that unconfined compressive strength of lime-treated samples increase

with the increase in lime content and curing age as shown in Fig. 2.38. Molla (1997) also found that

unconfined compressive strength of lime-treated samples increased with the increase in lime content

and curing age for three regional soils of Bangladesh.
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Fig. 2.38 Effect of curing age on unconfined compressive strength (qu) of a soil (Type- ML/CL) at

different lime content (after Shahjahan, 2001)
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Fig. 2.40 Variation of unconfined compressive strength (qu) with moulding moisture content for a

lime-treated silty clay soil (after Molla, 1997)
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2.4.6.4 CALIFORNIA BEARING RATIO (CBR)

The CBR test has been extensively used to cvaluate the strength of lime stabilized soils. TRB (1987)

reported the immediate dlect of lime treatment on CBR-values for three plastic clays (LL ~ 35 to 59.

PI = 15 to 30). It has been found that for all the soils CBR increase markedly with increasing lime

content.

Hossain (1986) investigated the effect of lime on CBR-values of two subgrade soils of Bangladesh

stabilized with 2%. 4%,6%, 8% and 10% lime. Hossain (1986) found that CBR-value increased due to

increase in lime content. Molla (1997) and Rajbongshi (1997) also investigated the effect of lime on

CBR-values of three regional and soils and a coastal soil of Bangladesh, respectively. The variation 01'

CBR value due to increase in lime content is shown in Fig. 2.42 for three soils of different plasticity.

From Fig. 2.42, it can be seen that CBR value of stabilized samples increases with increasing lime

content. Rajbongshi (1997) performed CBR tests on samples of a coastal soi I compacted according to

Modified Compaction test using three levels of compaction energies, e.g., low compaction (471 kN-

m/m\ medium compaction (lIn kN-m/mJ) and high compaction (2638 kN-m/m3) .The variation of

CBR with lime content tor samples of the coastal soi.1 is shown in Fig. 2.43 while Fig. 2.44 presents

the CBR-dry densitYl'elationships for the same samplcs. It can be seenfi.om Fig. 2.43 that at all levels

of compaction, CBR increases markedly with increasing lime conlent while Fig. 2.44 shows that at any

particular lime content, CBR increases signiJicantly with the increase in dry density. Hasan (2002) also

performed CBR test on Dhaka soil found same kind of result. Fig 4.45 and 4.46 shows the relationship

of CBR and lime content and CBR versus drydensity, respectively.

2.4.6.5 TENSION AND FLEXURAL PROPERTIES

Tensile strength propel1ies of soil-lime mixtures are of concern in pavement design because of the slab

action that is allorded by a material possessing substantial tensile strength (TRB, 1987). The llexural

strength of soil-lime mi~tures is important 10 use in sub-base and base courses. Two test methods.

indirect tensile and llexure, have been used for evaluating the tensile strength of soil-lime mixtures.

The indirect tensile test is essentially a diametral compression lest in which the material fails in tension

along the loaded diameter of the cylindrical test specimen.

Typical results indicate that the mixtures can possess substantial tensile strength (TRB. 1987). The

ratio of indirect tensile strength to unconfined compressive strength in one study (Thompson, 1966b)



Fig. 2.42 Variation ofCBR value with lime content for three regional soils (after Molla, 1997)
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was found to be approximately 0.13, while in another study (Tulloch et aI., 1970), it was found to be

much lower as indicated by the following regression equation:

Where, ST is the tensile strength in pounds per square inch and qu is the unconfined compressive

strength in kips per square inch.



Fig. 2.43 Effect oflime content on CBR values of a coastal soil (after Rajbongshi, 1997)

Fig. 2.44 CBR versus dry density curves of a lime-treated coastal soil (after Rajbongshi, 1997)
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The most common method used for evaluating the tensile strengths of highway materials has been the

flexural test. It has been found that the ratio of flexural strength to indirect tensile strength is

approximately 2 (Thompson, ] 969). Soil-]ime mixtures continue to gain strength with time, and the

ultimate strength of the mixture is a function of curing period and temperature. The magnitudes of the

stress repetitions applied to the mixture are relatively constant throughout its design life. ThereJore. as

the ultimate strength of the material increases due (0 curing the stress level, as a percent of ultimate

strength, wil] decrease and the fatigue life of the mixture will increase.

The flexural properties of untreated and stabilized samples of a coastal soil has been investigated by

Rajbongshi (] 997). It has been found that compared with the untreated sample, flexural strength and

modulus of the treated samples cured at 7 and 28 days increased significantly. Compared with the

untreated sample, the flexural strength and modulus of samples treated with 7% lime and cured at 28

days are respeetive]y about 2 times and 2.25 times higher than those of the untreated samples. The

effect of lime content on flexural strength is shown in Fig. 2.47 while Fig. 2.48 presents the effect of

lime content on flexural modulus. Figs. 2.47 and 2.48 show that flexuml strength and modulus

increases with increasing lime content. It is evident from Figs. 2.47 and 2.48 that curing age has got

insigni1icant effect on increase in flexural strength and modulus. The flexural properties of untreated

and stabilized (with lime) sample of Dhaka soil has been also investigated by Hasan, 2002). Fig 2.49

and 2.50 shows the flextinil stress versus stress versus lime content.

2.4.6.6 PERMEABILITY

Townsend and Klyn (1970) stated that the permeahility of the soil increase due to the addition of lime

to the soil. While conducting the experiment with heavy clay, Townsend and K]yn (J 970) observed a

marked increase in permeability but lor silty clay soil. elTatic or no change of permeability was

observed.

Broms and Boman (1977) and Brandl (1981) stated that the addition of lime usually increases the

permeability of soft clay. The increase in permeability is associated with 1l0cculation. where larger

pore between the Ilocks'enable the lluid to flow more readily in between the clay and corresponding

change in grain size distr.ibution.



Fig. 2.47 Effect oflime content on flexural strength of a coastal soil (after Rajbongshi, 1997)
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2.4.7 APPLICA nONS OF"LIME STABILIZA nON

The principal use of the addition of lime to soil is for subgrade and sub-hase stabilization and as a

construction expedient on wet sites where lime is used to dry out the soil. As far as lime stabilization

for roadways is concerned, stabilization is brought about by the addition of between 3 and 6% lime (by

dry weight of soil). When lime stabilization has been used to upgrade heavy clay soils to sub-base

material quality or to upgrade plastic gravels to base course quality, an unconfined compressive

strength of250 psi at seven days, and a CBR of at least 80 are required, although values ofunconJined

compressive strength of 150 psi to 450 psi at seven days are also proposed (Ingles and Metca1t~ 1972).

Lime is effective in modifying excessive plastic properties of sub-base and base course materials.

Those that have plasticity indices anel/or Jines contents above the normally accepted level for the

desired usage can usually be modified with lime. Such modification of base courses is a widely

accepted and successful practice. At low lime contents (less than 2 to 3 percent) the risk of undesirable

shrinkage cracking is low, and it would rarely be necessarily to take special measures to combat

renective cracking. Lime is usually used to modify rather than bind soils. While high tensile strengths

can easily be obtained with appropriate materials, careful control has to he exercised over the field

construction techniques, particularly adequate moisture, early rolling and effective cunng, for the

assured production of a bound materif)1 (NAASRA, 1986).

Lime has no application in cohesion less sands and gravels regardless ofpal1iele size distribution. Fine

and clayey gravels, clayey sands and silty sands may remain excessively Jl'iahle and unsuitable for

base course usage when stabilized with lime. The range of materials for subgrade, sub-base and base

course that can be treated with lime or cement are fairly similar. Lime stabilization is used in

embankment construction for roads, railways, earth dams and levees to enhance the shear strength of

the soil. ln retaining structures it is used primarily to increase the resistance to water, either external or

internal. For example, lime has been used to stabilize small earth dams constructed of dispersive soil

and so avoid piping failure. Lime bas also been used to stabilize low-angled slopes, a surface layer of

soil about 150 mm thick being mixed in place.

Lime stabilization of clay soils, especially expansive clay soils, can minimize the amount of shrinkage

and swclling they undergo. Hence, such treatment can be used to reduce the number and size of cracks

developed by buildings founded on suspect clay soils. Lime stabilization may be applied immediately

beneath strip footings for light structures. The treatment can be better applied as a layer below a ran ;n

order to overcome differential movement.



CHAPTER 3

LABORATORY INVESTIGATION

3.1 INTRODUCTION

The laboratory investigations carried out on the untreated and stabilized samples of the two soil

samples collected from coastal region of Chitta gong have been described in details in this chapter.

3.2 SAMPLING AND COLLECTION OF SOIL SAMI>LES

Disturbed soils f1'om two selected sites, namely Anwara and Banshkhali of Chittagong coastal

region were collected for the present investigation. These sites are shown in Fig. 3.1. Soil sampling

was carried out according to the procedure outli!led. in ASTM 0420-87. For each location. "

approximately 2 m hy 2-m area was excavated to. a depth of 2 m to 3 m using hand shovels. Proper

care was taken to reill0ve any loose material, debris, coarse aggregates and vegetation frol11 the

bottom Of the excavated pit. Disturhed samples were collected ii'om the bottom of the borrow pit

through excavation by hand shovels. All samples were packed in large polyphone bags covered by

gunny bags and were eventually transported to the Geotechnical Engineering Laboratory of

Bangladesh University of Engineering and Technology, Dhaka. The soil samples were designated

as follows:

Soil-A: collected from Anwara.

Soil-B: collected hom Banshkhali.

3.3 GEOLOGICAL CONDITION

Bangladesh can be divided into three major physiographic units, namely, the Tertiary Hills, The

Palestine Terrace and the Recent Plain lanel. Chittagong lies within the Tertiary hill unit, which is

characterized by hills, valleys, cliffs, plain and beaches. These features developed as result of

varying degrees of faulting, folding, upliftment and subsidence due to tectonic activities which have

been modified by erosion and depositional activities. The rocks of the Tertiary Hills have been

disseted to form long and sub-parallel Nort-Shoth trending ranges following the trend of fold axes.
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Between these linear hill ranges extensive low-lying areas of strongly dissected relief occur as

plains.

The eastern coastal areas of administrative units of Anwara and Banshkhali are tidal plans. These

units are situated as a narrow strip between the Chittagong hilly uplands and the Bay of Bengal.

The surface environment of these areas are mainly controlled by shallow seawater and the flood

plain activities of the rivers, Carnally, Halda and Shinju. The subsoil's are mainly composed of

very soft to medium stiff clay silts and fine grained silty sands with some decomposed organic

material near the surface. Tectonically these sites are part of the folded flank of the Bengal Basin.
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3.4 LABORATORY TESTING PROGRAMME

A comprehensive laboratory investigation program was undertaken in order to examllle the

physical, index and engineering characteristics of base soils (i.e., untreated soils) and soils

stabilized with flyash and lime. Flyash and air-slaked lime were used as additives for stabilization.

Both Soil-A and Soil-B were stabilized with Portland flyash in percentages of 6. 12 and 18 keeping

3% lime constant. Besides both the soil was treated with 3% lime independently. The whole

laboratory-testing pl'()gram consisted of carrying out the following tests on samples of the two

coastal soils:

(i) Index property tests on samples of the two coastal soils without any treatment with

3% lime and with different flyash (6, 12. 18). Index tests included specifiC gravity

test, Atterberg limit tests, linear shrinkage test and grain size analysis.

(ii) Chemical analysis offly ash was done to find out properties.

(iii) The following tests on Soil-A and Soil-B without any treatment with 3% lime. Soil-

A and with three different flyash contents (6%, 12% and J 8%) were carried out.

(a) Modified compaction test,

(b) Unconfined compressive strength test on molded cylindrical samples of 2.8-inch

diameter by 5.6 inch (142 mm) high.

(c) California Bearing Ratio (CBR) tests.

(d) Flexural strength test using simple beam with third point loading system

Unconfincd compressive strength test and Ilexural strength tests using simple beam with third point

loading were carried out on Ilyash and lime stabilized samples cured at three different ages (7 days.

14 days and 28 days). CBR tests were carried out on the untreated samples and samples treated

with different Ilyash with 3% lime contents using three levels of compaction. Details of laboratory

testing programmed showing the tes'ts carried out, type of samples tested and number of tests

performed are presented in Table 3.1



Type of Test Sample No of Tests

Soi!-A Soil-B

Specific Gravity of Soils Untreated soil/treated J J

Ui1treated soil J I
Liquid Limit and PlastjcLimit SoiJ-Flyash mixture 0 0

j -'
Soil-Lime mixture ] I

I Shrinkage Limit and Linear Shrinkage

Untreated soil 1 J

Soil- Flyash mixture 0 "j j

Soil-Lime mixture J I
I'ertiete size Distribution Untreated soil 1 I

Untreated soil I I
Modified Compaction Test Soil- Flyash mixture 0 0

j j

Soil-Lime mixture 1 J

Untreated soil J I
Unconfined Compaction Test Soil- Flyash mixture 9 9

Soil-Lime mixture 4 4

Untreated soil J I
CBR Test at Three Levels of Soil- Flyash mixture 0 0

j j

Compaction Soil-Lime mixture I J

Untreated soi I J I
Flexural Strength Test using Simple Soil- Flyash mixture 9 9
Beam with Third Point Loading Soil-Lime mixture 0 0

j j

System

Chemica.! Analysis of fly ash 1
.

Table 3.J Details of laboratory tests performed on samples orthe two coastal soils

lOU
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3.5.1 PREPARATION OF SOIL SAMPLE

ASTM D854

BS 1377

BS 1377

ASTM D427

BS 1377

ASTM D1 140

ASTM D422

The samples collected from the field were disturbed samples. These samples were then air-dried

and the soil lumps were broken carefully with a wooden hammer so as to avoid breakage of soil

particle. The required quantities of soil were then sieved through sieve NoAO. (OA35 mm). The

/()llowing Standard test procedure were followed in determining the physical and index properties

of the untreated soils:

3.5 PHYSICAL AND INDEX PROPERTIES OF UNTREATED SOILS

Specific gravity

Liquid limit (Cone penetrometer Method)

Plastic limit and plasticity index

Shrinkage limit

Ij ncar shri nkage

'Yo Of material in soi Is finer than No. 200 sieve

Grain size distribution

The grain size distribution curves .of samples of the two coastal are presented in Fig 3.2. The

difl'crent fractions of sand, silt and clay of samples of Soil-A and Soil- B were found Ji'omthe grain

size distribution curves following the MJT Textural Classification System (1931). The soils were

Classified according to Unified Soil Classification System (ASTM D2487) and the positions of thc

two soils (Soil-A and Soil-B) on the plasticity Chart is shown in Fig.3.3. The soils were also

classified according to ASSET Soil Classification System (AASHTO M 145-49). Table 3.2 presents

arc values of index and shrinkage properties, grain size distribution and classifications of Soil-A
and Soil-B.
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Fig: 3.2 Grain size distribution curves of Soil- A and Soil-B
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Fig: 3.3 Plasticity Chart showing the positions of Soil-A and Soil-B
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Table 3.2 Jndex properties and Classification of the coastal soils used

Soil-A Soil-B
.Index Properties and Classification

Specific Gravity 2.70 2.80
Liquid (jl11it 30 44I Plastic Lil11it 23 25
Plasticity Index 7 19
Shrinkage Lil11it 20 23
Linear Shrinkage 7 8.

% Sand (0.60 111111to 2 111111) 34 6
% Silt (0.002 111]]]to 0.06 111m) 62 68
% Clay « 0.002 111m) 4 26
% of Material Finer than No. 200 Sieve (0.074mm) 68 94 ,

Unified Soil Classification ML CL
AASHTO Soil Classification A-4 A-7-6

.

3.6 PROPERTIES OF FLYASH USED FOR SOIL STABILISATION

The Ilyash was obtained 11'0111different source. The che111ical analysis was l11ade by the Departl11ent

of Chemistry, DU, I:?~ngladesh. Pre~elited in bellow Table 3.3 the chemical composition oflly ash:

Table. 3~3Chemical Analysis of Flyash

Sam pic Si02 AI2O] Fe2O] CaO MgO SiO] Total
Flyash 10695 5.00 16.0329 405348 24.6545 3.4281 J 003453

Data based on chemical analysis by department of chemistry, Dhaka University
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3.7 INDEX PROPERTY TESTS ON STABILISED SOIL SAMPLES

Liquid limit, plastic limit, plasticity index and shrinkage characteristics including shrinkage limit

and linear shrinkage of samples of the two soils (from Anwara and Banshkhali) stabilized with

flyash and lime were determined ... Flyash and hydrated lime (i.e., slaked lime) were used as

additives. Flyash was used in percentages of 6, 12 and 18 while the l.ime contents were used in

percentage of 3 only, Liquid limit, plastic limit and plasticity index of the stabilized samples were

carried out on air-dried pulverized samples. The required quantities of pulverized soil were sieved

through sieve. No. 40 (0.425 mm). The flyash and lime treated soils were compacted following

ASTM 1)558 method. The compacted samples were cured in moist environment for 7 days and air-

dried. The air-dried samples were pulverized to pass through no. 40 sieve. Liquid limit, plastic limit

and plasticity indexes of the stabilized samples were determined following the standard procedure

outline in BS 1377 and ASTM 1)424 respectively. The shrinkage factor comprising the shrinkage

limit was determined ilraccordance with the procedure specified in ASTM 1)427. Linear Shrinkage

of the fly ash and lime treated samples were determined following the procedure outlined in BS

1377.

3.8 COMPACTION TEST

The moisture content versus dry density relationship of the untreated samples of the two coastal

soi Is was investigated by carrying out Modified Compaction test. These tests were performed

according to standard procedure outlined by ASTM D1557. Air-dried samples passing through no.

4 sieve was used for compaction. For compaction of the moist samples, a cylindrical mould of 6

inch (152.4 mm) inside diameter and of volume 0.075 ft3 was used. A series of most samples of

varying moisture contents were compacted in five layers of approximately equal height. Each layer

was compacted by 5.6 blows i,.om a;.ammer of weight lO-lb (4.54 kg) and falling hom a i,.ee height

of 18 inch (457mm). The amount of material used was such that the fifih compacted layer was

slightly above the top to the mold but not exceeding 6 mm. During compaction the mould was

placed on a uniform rigid foundation. FinaJly, moisture content and dry density determination were

made on each compacted sample of Soil-A and Soil-B.

1'01' the lime and flyash with lime treated samples of the two coastal soils, samples for moulding

specimens were prepared according to the procedure outlined ASTM D558. A series of soiJ-flyash

with lime and soil-lime samples of varying moisture contents were prepared. These samples were
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3.9.1 PREPARATION AND MIXING OF SOILS

MOULD FOR COMPRESSION TEST

subsequently compacted in a cylindrical mould of 6-inch (152.4 Illm) inside diameter and of

volume 0.075 tt in accordance with the above procedure as outlined in ASTM D 1557. The different

Ilyash contents used for preparing samples were 6%, 12% and 18% keepin 3% lime constent while

for lime treated samples; lime contents of 3% were use. Finany, moisture content and dry density

determination were made on each of the compacted stabilized sample of Soil-A and Soil-B.

3.9 UNCONFINED COMPRESSIVE STRENGTH TEST

Untreated soil-A and Soil-B were first air-dried. Then the soil aggregates were broken carefully

with a wooden hammer in order to avoid reducing the natural size of the individual particles. The

required quantities of pulverized soil were then sieved through sieve No. 4(4.76 mm). An the soil

retained on this sieve was discarded. Representative soil sample of required quantity was taken to

prepare test sample of desired density, i.e., the maximum dry density obtained in the Modified

Compaction test. Moisture content of air-dry soil sample was determined. Flyash was used in

percentage of 6,12 and '18 for Soil-A and Soil-B with 3% Lime and the percentages of the additives

were calculated on the basis of air-dry weight of the soil samples. Soils were mixed with flyash and

I.ime in a laboratory mixer in batch. This mixing was carried out in a steel pan. Required quantity of

water was added into the soil mass untiJ it was thoroughly blended. In order to attain the required

design moisture content for compaction, the water required in addition 10 air-dry state was

calculated and with this additional water required for hydration was added to the soil and additives.

The design moislure content of the mixes of the untreated and treated soils were equivalent to the

respective optimum moisture contents as obtained hom the modiiled compaction tests for the

untreated soils and soils stabil.ized with different flyash and lime contents.

3.9.2

The moulds used for compaction untreated soil, Soil-Jlyash and soil-lime mix were fabricated using

locally available mild steel seamless pipe. The mould complies with the requirement of standard

steel cylindrical mould with necessary accessories as outlined in ASTM D1632. The mould was

fabricated for the preparation of compression test samples of soil-tlyash and soil-lime in the
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COMPACTION OF SAMPLES

\\Iork.

laboratory under accurate control of quantities of materials and test conditions. The design and

dimensions of the mould are shown in Fig 3.4. Mould having an inside diameter of 2.8 = 0.01 In

(71=0.25 mm) and a height of 9 in (229 mm) for moulding test specimens 2.8 in (7] mm) In

diameter and 5.6 in. (l42mm) high: machined steel top and hottom pistons having a diameter 0.005

ill (0.13 mm) less thall the mould; a 6 in (152 mm) long mould extension; and a spacer clip were

fabricated. All together six moulds with necessary aeeessones were fabricated for this research

3.9.3

Compaction (est samples of ulltreated and treated soils were prepared with the cylinder of size with

2.8 inch (71.1 mm) in diameter by 5.6 inch (142.2 mm) in height. As soon as the mixing was

complete the; inside surface of the mould was coated with oil. The cylindrical moulds were held in

place with the spacer clip over the bottom piston so that the spacer clip extended about 25 mll1 into

the cylinder. A separation disk was placed on top of the bottom piston and an extension sleeve was

placed on top of the mould. The quantity of the uniformly mixed sample was placed in the mould.

The sample was then compacted initially hom the bottom up steadily andiirmly with a square end

cut y, in (1 3-mm) diameter smooth steel rod repeatedly through the mixture hom the top clown. The:

compaction was done uniformly over the cross section of the mould. The process was repeated unti I

the sample was compacted to a height of approximately 6-inch (150 mm).
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Fig: 3.4 Soil-Flyash mould for compressive strength test (after ASTM, 1989)
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As soon as the samples were ejected from the mould, the samples prepared iilr uncon1ined

compressive strength I.vere then kept on a level table covered with wetted jute hessian cloth to

maintain most condition. The sa111ples were never cured with direct water spray or under

submcrged condition. The samples were always protected il'om free water for the specified most

curing periods of 7, 14 and 28 days. It may be mentioned that the soil samples that were prepared

without adding ilyash or lime. i.e., the untreated samples were not cured.

CURING OF SAMPLES

COMPRESSION TEST

3.9.4

A separating disk was placed on the' surface of the sample after removal or the extension sleeve.

Spacer clip was then removed ii'om the bottom of the piston. The lOp piston was placed in COlllact

with the top surface of the sample and a static load was applied by a hydraulic compression

machine until the sample became 5.6 inch (142 mm) high. The sample was then ejected tl'om the

mould using a hydraulic ejector. The compacted dry density of the samples were approximately

equal to their respective maximum dry density achieved in the Modified compaction test performed

according to the standard procedures outlined in AST'M 01557.

3.9.5

The stabilized samples were pJaced on the compression-testing machine directly after removal from

the moist curing condition at diJ1'erent ashes. A strain gauge attachment of perspex was used to

monilor deformalion during the application of load. Each sampJe was tested under strain-controlled

condition. During the progress of test. load was applied continuously and without shock at a

deformation rate of approximately 0.05 in. 91 mm) per minute. The 101211 load and Ihe

corresponding deformation at failure were recorded. The untreated samples were tested in

compression immediately after preparation Fig. 3.5 presents photograph of the compression test

apparatus showing a sample being tested.
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3.10 CALIFORNIA BEARING RATIO (CBR) TEST ON COMPACTED

UNTREATED AND STABILISED SAMPLE

3.10.1 PREPARATION AND MIXING OF SOILS

The untreated and soils treated with various Jlyash and lime contents were prepared and mixed in

accordance with procedure outlined in section 3.9.1 for the stabilized samples, Ilyash was used in

percentage of 1,3 and 5 for Soil-A and Soil-B. The design moisturellyash of the untreated samples

and samples stabilized with flyash and lime were equivalent to the respective values of optimum

moisture contents as obtained from the Modified Compaction tests (ASTM 01557) for the

untreated soils and soils stabilized with different flyash and lime contents.

3.10.2 COMPACTION SAMpLES

For compaction of the moist untreatcdand treatcd samples, a cylindrical mould of 6 inch (152.4

mm) inside diameter and of volume 0.075 it was used. Each sample was compacted in five layers

of approximately equal height. Each layer was compacted by 56 blows from a rammer of weight 10

Ibs (4.54 kg) and dropping from a ij.ee height of J 8-inch (457 mm). In order to investigate CBR-

Dry density relationships for the untreated and stabilized soils, laboratory CBR tests were carried

out on the untreated samples and samples treated with flyash and lime using another two levels of

compaction energies equivalent to 10, 25 and 56 blows inllve approximately equal layers with a

rammer of weight 10 Ibs and 18 inches free fall and compacted in a mould of volume 0.075 cH.

Afrer the completion of compaction, extension coliar was removed and the compacted soil was

trimmed by means of a straight edge. Perforated base platc and spacer disk was removed and

ilnally. moisture content ancl dry density determinations were made on each of the compacted

sample. Ail these tests were performed following standard procedure outlined in ASTM 01883.
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Fig: 3.5 Photograph showing the set-up for unconfined compression test.
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3.10.3 SOAKiNG OF SAMPLE

A disk of coarse filter paper was placed on perforated base plate. The mould and compacted sample

were inverted in the perforated base' plate was clamped to the mould with compacted sample in

contacl with the niter paper. A surcharge weight of 10 Ibs (4.54 kg) was placed on the perforated

plate and adj listed plate and adjustable stem assembly, which were placed onto the compacted

sample in the mould. The mould and weights were impressed in water aJlowing fi'ee access of water

to the top and boltom of the sample. Initial measurements were taken for swell and the sample was

allowed to soak for 96 hours (4 days): A constant level of water was maintained during this period.

Atthe end 01'96 hours. final swellmeasurcment was taken.

3.10.4 BEARING TEST

T'he free water from the sample was r!"moved and the sample was allowed to drain 1'01'15 min. Care

was taken not to disturb the sample during removal of water. A surcharge weight equivalent to thai

used during soaking period was placed on the sample. 1n order to prevent upheaval of he sample

into the hole of the surcharge weights, a 2.27-kg annular weight was placed on the sample surface

prior to seating the penetration piston, after which the remainder of the surcharge weights were

placed. The penetriition piston was seated with the smallest possible load (not more than 44 N).

Load was applied on the penetration piston so that the rate of penetration was approximately n.DS

in. (1.27 mm) per min. The load readings were monitored at specified values of penetration. All

Ihcse tests were performed following the standard procedure outlined in ASTM D 1883. Fig 3.6

presents a photograph of the bearing test ap'paratus.



I
I' .• ::-'

"

"

"

., "

Fig. 3.6 Photograph showing thc arrangemcnts ofCI3R lest.

113



1 14

3.11.1 PREPARA nON AND MIXING OF SOILS

MOULD FOR FLEXURE TEST3.11.2

3.11 FLEXURE TEST USING SIMPLE BEAM WITH THIRD-POINT

LOADING SYSTEM

The moulds used for compacting untreated soiL soil-Oyash and soil-lime mixture were labricated

using locally available JlJild steel plates. which comply with the requirements of ASTM 01632.

The labrication procedure ofthese moulds was difficult as compared with that for compared

with that I,}r compression cy]indrical mould. The mould consists of one picce of top plate, one

piece of bottom plate, two pieces of side plates and two of end plates. The top and hottom plates

and side and end plates of the mould were made "Ilrst by mild steel casting. Aller casting, the mould

was shaped in proper dimensions through machining work. The detail design and dimensions of the

mould for llcxure test are shown in Fig.3.7. This mould has inside dimension of in 3 in. by 11 ~ in

(76.2 mm by 76.2 mm by 285.8 mm) for moulding specimens of the same size. The mould was

manufactured in such a way the sample could be moulded with its jongitudinal axis in a horizontal

position. The parts of the mould were made to be tight fitting and held together. The sides of the

mould wcre sufficiently rigid to prevent spread.ing or warping. The interior faces of the mould were

machined to plane suriaces within a variation, in any 3 in (76.2-mm) line on a surface, of 0.002 in

(0.051 mm). The distance between' opposite sides was within 3 0.01 in (76.20 =0.25 mm). The

height of the mould was made 3 in, (76.20 mm) within the variation of -0.01 in (-0.25 111m). Four

3/8 in. (9.25 mm) spacer bars and top and bottom machined steel plates were provided. The plates

Iii the mould with a 0.005-in. (0.13-mm) clearance on al] sides.

The untreated and soils treated with various Oyash and lime contents were prepared and mixed in

accordance with the procedure outlined in section 3.9.1 For the stabilized samples. Flyash was used

in percentage of 6, 12 and 18 for Soil-A and Soil-B with the lime content in percentage of 3. The

design moisture content of the untreated samples and samples stabilized with Oyash and lime were

equivalent to the respective values of optimum moisture contents of the untreated samples and

samples stabilized with Oyash and lime were equivalent to the respective values of optimum

moisture contents as obtained from the modified compaction tests (ASTM d1 557) for the untreated

soils and soils stabilize different Oyash and lime contents.
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3.11.3 MOULDING AND CURING OF SAMPLE

The test samples were prepared with the longitudinal axis horizontal. The inside parts of the mould

were ]irst lightly oiled. Then the mould was assembled with the sides and ends separated ii'om the

base plate by the 3/8 in. (10 mm) spacer bars, one placed at each corner of the mould.

Representative soil sample of required quantity was taken to prepare test sample of desired density,

i.e., the maximum dry density obtained in the Modified Compaction test. Moisture content of air-

dry soil sample was determined. The uniformly mixed sample was divided into three equal batches

to make a beam of the designed density. One batch of the material was placed in the mould and

leveled by hand. The sample was compacted initially hom the bollom up by steadily and firmly,

\vith impact a square-end cut 1, in. (13 mm) diameter smooth steel rod repeatedly through the

mixture Ji'OI11the top down to the point of refusal. Approximately 90 roddings were distributed

uniformly over the cross section of the mould. This layer of compacted sample was leveled by hand

and layers two and three were compacted in the similar way. The sample at this time was made

approximately 3 y" in high. The top plate of the mould was then placed in position and spacer bars

were removed. The final compaction was done with a static load applied by the hydraulic

compression machine until the design height of 3 inch was reached. lmmediately after the

compaction, the mould was caretLl1ly dismantled and the sample was removed onto a smooth, rigid

wooden pallet.
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ASTM,1989)
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FLEXURAL STRENGTH TEST3.11.4

As Soon as the soil-flyash and soil-lime samples wcre removed from the mould they were kept on a

table covered with wetted jute hessian cloth. The samples were never cured with direct water spray

or under submerged condition. The samples were always protected from free water for the specified

moist curing periods of 7, 14 and 28 days. The soil samples that were prepared without adding

flyash or lime were not cured. The treated samples wcre carried for testing purpose directJy from
the llloist curing environnlent.

The nexure tests of untreated soil, soil-nyash and soil-lime beam samples were performed in order

to determine the flexural strength and nexural modulus of the samples by the use of a simple beam

with third point loading system. The standard tesl samples were made 3 in. by 3 in. by 11';4 in. The

sample was turned on its side with respect to its moulded position and centered it on the lower half~

round steel Supports, which was spaced apart a distance of three times the depth of the beam (i.e.,

9in.). The load applying assembly block was placed in contact with the upper surface of the beam at

the third points between the supports. The center of the beam was aligned with the center of the

thrust of the spherically seated head block of the machine. The movable part of this head block was

rotated as needed by hand unlil unij(JI'll1 seating was obtained. The load was applied continuously

without any shock on Ihe beam through the third point loading system. A hand operated

compression machine was used with a load proving ring of capacity 10 KN. Load was applied at a

deformation rate of approximately 0.05in/min (002 mm/s) Two dial gauges were fitted under the

beam specimen to record the deflection of the beam. The total loads until failure of the specimen

was recorded. A schematic diagram of the apparatus for flexure test of soil, soil-flyash and soil-

lime samples by third point loading is shown in Fig. 3.8 while Fig 39 shows the a photograph of a
test set-up.

The fracture location aner the test was observed. When the fracture occurred within the middle

third of the span length, the modulus 0[' rupture (Flexural strength) has been calculated using the
['ollowing expression:



1 I X

II = PL
bd'

Where: R= modulus'ofrupture or flexural strength

p= maximum applied load

L= span length of sample

B= average width of sample

(I. average depth of sample

When the fracture occurred outside the middle third of the span length by not more than 5% of the

span length, the modulus of rupture has been calculated using the following equation:

II = 3Po
bd'

Where:

a= distance between line of fra~ture and the nearest support measured along the centerline of

the bottom surface of the beam,

The flexural modulus (E of the untreated soil, soil-flyash and soil-lime beam samples, as found

from llexural strength tests were calculated using the following expression of simple beam theory:

1"- 23PU

1296J 1:1

Where.

P= maximum applied load

L= span length of saniple

1= moment of inertia of the beam section

1:1= Detlection of the beam in the mid span



Fig, 3,9 Photograph showing lhe set-up far flexural test with third point loading system
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CHAPTER 4

RESULTS AND DISCUSSIONS

4.1 INTRUDUCTION

The findings of the laboratory investigations on the characteristics of untreated and stabilized

samples of the two coastal soils are prescnted and discussed in the following sections of this

chaptcr. These results demonstrate the effect of additives, e.g., fJyash and lime on the physical and

engmeenng properties of the samples. investigated. Result of analytica] investigations is also
presented.

4.2 PHYSICAL AND ENGINEERING PROPERTIES OF FLYASH-

TREATED SOILS

]n the following sections the physical and engineering characteristics comprising plasticity and

shrinkage properties, moisture-density relations, un90nflned compressive strength, CaliJ(Jrl1i'1

Bearing Ratio (CI3R), flexural properties. of untreated and flyash-treated samples of the two coastal
soils are presented and discussed.

4.2.] PLASTICITY AND SHRINGKAGE CHARACTERSTICS

The values of plasticity and shrinkage propcrties of the untreated and fJyash-treated soil samples

are shown in Tables 4.] and 4.2 for Soil-A and Soil-B respectively. It can be seen from tables 4.1

and 4.2 that compared with the untreated samples of Soi]-A and Soil-l3, plastic limit of the

stabilized samplcs increased while plasticity index, shrinkage limit and linear shrinkage reduced.

Compared with the untreated sample, the value of liquid limit of the treated sample increased in

Soil A while it is reduced Soil-B FigA. I shows the variation of liquid limit and plastic limit while

ng. 4.2 shows the variation ofpfasticity index with the increment of 11yash additions. It can be seen

hom FigA.1 that i{)rSoil-A (LL=3Q, Pl=7), both liquid limit and plastic limit increased while J()r

Soil 13- (LL=44, Pl=] 9) .Iiquidlimit reduced and plastic limit



Table 4.1 Index and shrinkage properties offlyash-treated Soil-A

Index and Shri nkage properties Lime/flyash content

Lime Flyash content with 3% lime

0 3% lime 6 12 18
Liquid Limit 30 30 00 37 39~~

Il'lastic Limit ..

24 25 29 34 36
PIast icit ylndex 6 5 4 3 0

j

Shrinkage Limit 20 20 19 19 18
Linear Shrinkage (%) 7 6 6 5 5

Table 4.2 Index and shrinkage properties of flyash-tr'eated Soil-B

Index and Shrinkage properties Limelflyash content

Li me Flyash content with 3% lime

0 6 12 18
Liquid Limit ,44 43 43 42 42
Plastic Limit 26 30 31 32 34
Plasticity Index 18 13 12 10 8
Shrinkage Limit )0 26 22 20 20-j

i I.inear Shrinkage (%) 8 7 7 6 6



Fig. 4.2 Effect of lime and fly ash content on plasticity indices of Soil-A and Soil-B
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Increased with increasi ng flyash content except LL decreascs with 3% Iime for both soi I. These

results are in agreement w.ith those reported by Willis (1974, Felt (1955) and Ahmed (1984).

Ahmed (1984) and Hossain (1986) found that with the increase in cement content, both liquid and

plastic limit increased while plasticity index reduced for a sandy silt (LL=40, P)=10) and clayey silt

(LL=33, PI=6) respectively. However, for a silty clay (LL=43, PI=21), Ahmed (1984) found a

reduction in liquid limit and plasticity index, and an increase in plastic limit with increasing cement

content. Glen and Handy also stressed that lime added to clay soil cause rapid depression of PI.

The changes in shrinkage limit due to increase in flyash content are shown in Fig 4.3 while Fig 4.4

presents the variation .of linear shrinkage with the increase in tlyash content. It can be seen from

Figs 4.3 and 4.4 that for both the soils shrinkage Jimit and linear shrinkage reduced slightly with the

increase in flyash content. Where as shrinkage limit slightly increase with 3% lime content for both

the soil. Rcduction in ~hrinkage limit with increased cement content has becn reported by Willis

(] 947), Mehra and Uppal (] 950) and Jones (1958). Kczdi (1979) reported reduction ll1 linear

shrinkage due to increase in cement content ;n three clayey soils of clijTerent plasticity.



Fig. 4.4 Effect oflime and fly ash content on linear shrinkage of Soil-A and Soil-B

Fig. 4.3 Effect of lime and fly ash content on shrinkage limit of Soil-A and Soil-B
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4.2.2 COMPARISON OF INDEX PROPERTIES

Comparison of index properties of lime treated regional soils and soils investigated in the present study

with flyash are described by the table 4.3. For all the cases the shrinkage limit increase with the

increascs in lime content When Shrinkage limit decreases with increase of Ilyash content The

shrinkage limit varies ji-om J J to 37. The liqllid limit varies from 25 to 59 and plastic limit varies ll'om

13 to 45.

Table 4. 3 Comparison of Index properties of lime treated regional soils

Soil Code Lime! Flyash Content (%) Liquid Limit
Plastic Limit (%) Shrinkage Limit

(%) (%)
0 52.0 23.0 14.0
1 50.5 23.5 1SO

AH.B 0

49.0 240 15.50
'.

5 48.0 25.0 16.0
. 7 46.5 25.5 17.0

0 25.0 13.0 .

H.A 2 31.0 30.5 -
4 33.0 33.0 .

0 42.0 22.0 -
I-I.B 2 39.5 37.0 .

4 41.5 40.0 .

6 45.0 45.0 .
0 56.0 13.0 11.0
0

54.0 24.0 22.00

H.1 6 53.0 28.0 25.0
9 . , .

54.0 32.0 290
12 57.0 37.0 33.0
15 59.0 40.0 37.0
0 440 25.0 230
0 43.0 30.0 26.5R.B 0

5 42.5 3).0 270
7 41.0 36.0 32.5
0 30 24 20

MJ.A 3% Lime + 6% Ash 00 29 190.)

3% Lime + 12% Ash 37 34 18
3% Lime + 18% Ash 39 36 18

0 44 26 23
MI.B 3% Lime 6% Ash 43 30 22

3% Lime + 12% Ash 42 31 20
3'% Lime + 18% Ash 41 34 20



values of Wopt reduced. While only with 3% lime both and Wopt reduced for both the soil, which

satisfied Leonard & Daidson experiment. The increase in Ymax with the increase in flyash content

for the two soils is shown in Fig. 4.7. Compared with the untreated sample, the values of Ymax

126

MOISTURE DENSITY RELATIONS4.2.3

The moisture-density relations of untreated and flyash-treated samples of Soil-A and Soil-B are

shown in Figs 4.5 and 4.6, the maximum dry density Crmax) and optimum moisture contents

(Wopt) of Soil-A and Soil-B have been determined which are presented in Table 4.4 that for both

the soils, with the increase in flyash content with 3% lime, values of Ymax increased while the

increased up to 8% and 7% for Soil-A and Soil-B respectively. The values of Wopt reduced up to

9% and 10% respectively for Soil-A and Soil-B. Kezdi (1979) reported that with the addition of

cement, maximum dry density of sand, fat clays and silts increase while optimum moisture content

reduces for sands and silts. Felt (1955) also reported that for sand and sandy soils the density

increases with the increasing cement content. Ahmed (1984) found that far sandy silt and silty clay

soils of Bangladesh, the maximum dry density reduced for increase in cement content up to 3 to 5%

and then it increased with further increase in cement content.

Hossain (1986), however, found reduction in maximum dry density with increasing cement content

for regional clayey silt. Serajuddin and Azmal (1991) reported that the maximum dry density

increased while the optimum moisture content reduced with the increase in cement content for two

fine-grained regional soils (a clayey silt of low plasticity and a silty clay of medium plasticity) of

Bangladesh. For filling sands treated with 3, 5 and 7 cement contents, it has been found that,

compared with the untreated sand, the maximum dry densities increased with the increase in

cement content while the values of optimum moisture contents reduced with increasing cement

contents (BRTC, 1995).
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Table 4.4 Values of maximum dry density and optimum moisture Content of untreated and llyash-

treated Soil-A and Soil-B

r Lime/Flyash . ..Soil-A Soil-B

Content %

Yd COopt Yd O)Opl
(kN/m3

) ty) (kN/m1
) %

0 17.30 16.50 17.50 15.3

3% Lime 17.10 15.50 17.30 15.7

3(;;0 Lime + 6% 17.40 15.0 17.90 14.80

, flyash

30/;) Lime + 12% 18.20 14.50 18.40 14.30

flyash

1

3% Lime + 18% 18.60 14.0 18.80 13.80

I:Jlyash
,
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4.2.4 COMPARISON OF MOISTURE DENSITY RELATION

The moisture-density relations of untreated and .Iime treated regional soils are shown in Fig 4.8 and

Fig 4.9 From the relations shown in fig 4.8 and fig 4.9 the maximum dry density and optimum

moisture content have been determined which are presented in Table 4.5 From all the regional soils

data shown in the table 4.5 it is observed that the optimum moisture content increases while the

maximum dry density. decreases with. the increase in lime content. Similar results are rep011ed by Kczi

(J 979). TRB .(1 987), Hausmann (J 990). Bell (J 993). While optimum water content decreases with

increase of flyash content and dry density increases with increase of flyash content. Similar result

observed by Govinda Ram J 983 and Rasbangshi work on cement stabilization. The optimum moisture

content and maximum dry density of lime stabilized twelve regional soils are compared. In all

investigation it can be summarized that the optimum moisture content increases with the increase in

the lime content and ranges from I J .5% to 25.6% and maximum dry density decreases with increase

in lime content and ranges 11'om 18.82 kN/m3 to 13.8 kN/m3
- while vis versa in the case of Jlyash as

additives.

.;

"

';'"
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Table 4.5 Comparison of moisture - density relations for lime stabilized regional soils of
Bangladesh

Optimum Maximu Optimum
Soil Conlent m Dry Soil Moisture Maximum Dr"Cadt, eX»

Moisture
Densitv Code Content C1l)

Content O('.nsity (IiN/IllJ)Content C%)
(kN/rnJ) ('Yo, )

0 21.7 164 0 15.5 17.5
3 24.6 15.7 3 16.0 17.3SH-A R-13
5 26.3 15.5 5 166 17.1
7 27.5 15.3' 7 168 16.9
0 22.1 16.1 0 174 156
3 24.7 154 I 17.7 15.3SH-B N-I
5 25.5 153 2 180 15.3
7 264 15.1 5 18.1 15.2
0 184 17.3 0 19.8 154
3 22.2 16.7 I 20.3 14.3SHoe N-II
5 22.8 16.5 2 20.3 I )3.97 24.1 164 5 20.7 13.8
0 18.1 17.08 0 22.6 15.7
., 19.9 15.3 I 20 I 14.9H-I N-III
(, 23.8 15.1 2 20.5 14.6
9 25.6 14.8. 5 218 143
0 12.5. 16 ] 0 I 1.5 18.5M-I
3 13.2 15.5 I 119 184
5 14.3 15.3 AH-B 3 130 183

M-2 0 21.0 15.9 5 13.6 17.8
3 22.7 15.5 7 13.9 176
5 23.6 15.2 0 16.5 173

0 18.8 158 3% Lime 15 1743
MI-A 6% Ash

1\11-3
194 15.5 3% Lime 145 18.22.'

12% Ash

5 198 154 3% Lime 14 18.6
18% Ash

0 153 17.5

3% Lime
14.81

17.9
6% Ash

MI-B
3% Lime

14.3 18412% Ash

3% Lime
138 ] 8.8218% Ash
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Fig. 4.9 Comparison of the effect oflime stabilization on dry density between different regional soils
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4.2.5 UNCONFINED COMPRESSIVE STRENGTH

Table 4.6 shows a summary of the unconfincd compression test resu.lts for Soil-A and Soil-B. In

Table 4.6. the values of unconfined compressive strength (gu) and axial strain at failure Er for the

untreated samples and samples treated with 3'Yo lime and different f1yash contents (6%, 12% and

18%,) and cmed for 7, 14 and 28 days are presented. It can be seen from Table 4.6 that for both the

soils. eompared \vith the untreated samples, the values of gu of the treated samples increased

significantly, depending on the f1yash content and curing age. Leonard and Davidson (1959)

reported that because of the slow reaction of lime absorption. the dcvelopment of compressive

strength of soil directly related with lime absorption by f1yash. Methods shows that for clayey soils.

the amount of lime should be 3 - 9 percent and the amount of f1yash between 10 to 25 percent for

soil stabilization. Similar results have also been reported by Hossain (1986), Serajuddin and Azmal

(1991) and Serajuddin (1992) for fine-grained soils of Bangladesh for use in road construction. 1t

can be seen ]i'om Table 4.6 that the values of gu of samples of Soil-A and Soil-B treated with 6%

f1yash and cured at 28 days were found to be about 4 times higher than the strength of the untreated

samples ilnd with 18% fly ash it about 5 times higher than untreated sample. While only with 3%

lime it increases only 2 times. 1t is also evident ]i'om Table 4.6 that the gain in strength with

increasing f1yash content and curing age is higher in less plastic Soil-A (PI=7) than in more plastic

Soil-13 (1'1=19). PCA given in Annex. A (1956) recommended that values of go of soil-cement

cured at 7 days and 28 days for sO.ils belonging to ML and A-4 groups should be in the range of 250

psi (1723 kN/ m
2
) to 500 psi (3445 kN/m2

) and 300 psi (2067kN/ m2) to 900 psi (6201 kN/ m2)

respectively. PCA (1956) also recommended that values of gu of soil-Cement cured al 7 days and

28 days for soils belonging to A-7 group should be in the range of 200 psi ( 1378 kN/ m2) to 400

psi( 2756 kN/ m
2
) and 250 psi (1723 kN/ m2

) to 600 psi (4134 kN/ m2) respectively. It can be seen

from Table 4.4 that values of qu of samples of Soil-A (belonging to A-4 group) and Soil-13

(belonging to A-7 group) stabilized with 6% to 18% nyash and cured for 14 and 28 days satisfied

the requirements of PCA (1956). Ingles and Metcalf (1972), however, recommended that the values

of qu of soil-ccment road sub-base and base for light traffic should be in the range of 100 psi (689

kN/m
2
) to 200 psi (1378 kN/111\ Table 4.6 also shows that for all nyash contents and all curing

ages. the values of qu of treated samples fulfilled the requirements of soil-f1yash road sub-base Jill'

light traffic as proposed by Ingles and metcalf (1972) with cement. It can also be seen from Table

4.6 that compared with the untreatcd samples, the val ues of Er of the stabilized samples reduced and
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that values of Ef of the treated samples reduced with the increase in f1yash content. The relation

between qu for samples cured at different ages and f1yash contents are presented in Figs 4.10 and

4.11 for Soil-A and Soil-B respectively. Figs 4.12 and 4.13 show the relations between qu and

curing period for Soil-A and Soil-B respectively. It can't be seen from Figs 4.10 to 4.13 that the

values of qu of treated samples increased with increasing f1yash content and curing age. These

results are in agreement with those reported by a number of researchers like Mateos and Davidson

(1962), Vischosil (1958). It also satisfied with the experiment done by (Ramaswamy et aI, 1984;

Ahmed, 1984; Hossain, 1986, Hong, 1989; Anon, 1990; Serajuddin and Azmal 1991; Serajuddin
1992; Uddin, 1995)-with cement.

Table 4.6 Unconfined compressive strength test results of Untreated and flyash-treated Soil-A
and Soll-B

Additives Curing Age 80il-A 80il-8
(Days)

qu qu
(kN/m2) (kN/m2)0 - 715 690

7 1193 1125
3% Lime 14 1279 1201

28 1393 1306
3% Lime + 7 1496 1282
6% Flyash 14 2233 1740

28 2834 2656
3% Lime + 7 1872 1496
12% Flyash 14 2728 2341

28 3406 2943
3% Lime + 7 2214 1849
18% Flyash 14 3123 2632

28 3642 3290

The rate of strength gain with curing time has been evaluated in terms of the parameter strength

development index (SDI) as defined by the following expression (Uddin, 1995):

."..---/""
\ ;



us

I)osting ofSDI with curiilg age of treated samples of soil-A and Soil-B are shown in Figs. 4.14 and

4.15 respectively. 11 can be seen from Figs. 4.14 and 4.15 that the values of SDJ increase with

increasing curing time and cement content as well. These figures clearly content and curing age.

Uddin (1995) also reported an increase in SDJ with :increasing curing time and cement content for

samples of Rangsit dial' of Bangkok (LL=70 to 117, PI=50 to 78) treated with 5'1'0 to 40% cement

and cured for J week to 40 weeks. As can be seen hom Figs 4.14 and 4.15 that the strength gain

for samples of Soil-A and Sojl-B treated with 6% flyash are relatively much slower than those of

samples treated with 12% and J 8% flyash that aggress with the Leonerd & Davidson.

"

"

Strength of untreated sample

Strength of stabi lized sample-Strength of untreated sample

------------------------------------------------------------------------------SDI=
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4.2.6 COMPARISON OF UNCONFINED COMPRESSIVE STRENGTH

Table 4.7 shows summary of unconfined compressive strength of regional soils of Bangladesh. The

unconfined compressive strength of untreated samples and samples treated different lime and ilyash

contcnts and curcd lor 28 days are presented. It can be seen that for aU the regional soils, compared

with the untreated soils, the values of unconfined compressive strengtll increases significantly with the

increasc in lime and tlyash content and curing age. Thc unconfined compressive strength of the lime

stabiJized soils increases 2 to 5 times higher compared with those of the untreated soils. Fig. 4.16

shows the relation of unconfined compressive strength and lime and tlyash content. These results are

in agreement with those reported by number of researcher (Igles and Metcalf; 1972; Bell, 1993). The

unconflncd compressive strength of untreated samples and samples treated with different lime and

nyash content of eleven regional soils are shown in table 4.7 From this table it is shown that for 28

days curing age the unconfined compressive strength increases with the increase in lime and tlyash

content and ranges fi.om 39.3 kN/nl to 345 kN/m2 The compressive strength of lime and tlyash

stabilized coastal soils was found to be higher than other regional soils. The trend of increase in

compressi ve strength of coastal and reclaimed soils was found to be the same. The compressi ve

strength found (0 be almost same as 7% lime and 18% tlyash as additives.

a "



Table 4.7 Comparison of lJnconfin"d compressive strength (28 days) of lime stabilized regional
soils of Bangladesh

Unconfined
Uncoil finedSoil Code (%) Lime Compressive

Soil Code (%)
Compressive StrengthStrength Limc/flyash

(kN/m2)(kN/m2)

0 243 0 39
3 353 M~3 3 107SH-A
5. 663 5 119
7 726 0 -
0 229 . 2 171H-A
3 )00

4 220
.jj

SH-B
5 278 6 235
7 369 0 -
0 179 2 211

H-B
3 1244 4 340SH-C
5 1384 6 408
7 1499 0 692
0 550 3 1302

R-B
3 II 00 5 2308H-I
6 1820 7 3452
9 1930 0 380
0 75.9 I 984

M-I 3 346 AH.B 3 2015
5 3710 5 2385
0 I 115 7 2678
3 388 0 690M-2

652 2656MI-B 3% Lime5

6% 'Ayash

715 2943
0 3% Lime

12% Flyash

2834 32903% Lime 3% Lime6(% Ash
18% Flyash

MI-A
3406

J% Lime
12% Ash

3642
3%) Lime
18%)A~h .



Fig. 4.16 Comparison of the effect oflime stabilization on unconfined compressive strength between
different regional soils of Bangladesh and soils used in the present study.
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It can be seen ii'om Table 4.8 that CJ3R-values of Soi1-A and Soil-B stabilized with 6% flyash

increased up to about 4.5 times and 3.7 times those of the respective untreated samples. It is also

evident ii'om the CHI' data presented in Table 4.8 that the CB.R-values of samples of the less plastic

Soil-A (1'1=7) are moderately higher than those from the samples of more plastic Soil-B (PI=19).

Ingles and metca.lf (1 972) recommended that four-day soaked CBR-values of soil-cement road sub-

base for light traffic should be in the range of 50 to 150. It can be seen hom Table 4.8 that CBR of

samples of Soil-A and SoiI-B treated with 6% llyash and compacted with medium and high energy

and that CBR samples of Soil-A and Soil-13 treated with 12% ilyash and compacted with low to

high energy met the requirements of soil-flyash road sub-base and base JClrlight traffic as proposed

by Ingles and Metcalf (1972) with cement.
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CALIFORNIA BEARING RAno (CBR)4.2.7

A summary of the CBRtest results for Soil-A and Soil-B is presented in Table 4.8. In order to

investigate CBR-dry density relationship for untreated and stabilized samples, CBR tests were

performed on samples compacted according to Modified compaction test using three levels of

compaction energies,e.g., low compaction (10,000 ft-lb/ft3)Jt can be seen from Table 4.8 that for

both soiJ-A and Soil-B, compared with the untreated sample, CBR-values of the treated samples at

all levels of compaction increased considerably. The variation of CI3R with flyash content for Soil-

A and Soil-B arc shown in Figs. 4.17 and 4.18 respectively while Figs. 4.19 and 4.20 present the

CI3R dry density relationships for Soil-A and Soil-B respectively. It can be seen hom FigsA.17 and

4.18 that at all levels of compaction, CBR increases markedly with increasing flyash content while

Figs 4.19 and 4.20 show that at any particular flyash content, CBR increase significantly with the

increase in dry density. Similar trend of increasing CBR with the increase in cement content and

dry density have been found for tilling sands stabilized with 3%, 5% and 7% cement (BRTC, 1995)



Additives Compaction Soil-A Soil-B
(%) Energy Dry 4-Day Soaked Dry 4-Day Soaked

Density CBR Del1Sit~ CBR
(KN/m3) (KN/mJ)

Lo\\' 15 11 16 10
0 Medium 16 16 17 13

High 17 24 18 21,
Low. 15 26 15 ]8

.3% lime Medium 16 3.1 16 )"_.l

Hioh 17 44 17 35'"
Low 16 38 16 27.

3% lime + Medium 17 49 17 376% fly ash
High 17 58 18 46
Low 16 56 17 38

3~J lime + Medium
.. i7 68 18 54

12'% fly High 18 88 19 86
ash

Low 17 68 16 46
3% lime + Med ium 18 94 18 77
18% fly High 19 117 19 . 92
ash

.

High compactiOJ,l energy ~ 56,000

]43

Summary of eBR test results of untreated, lime and flyash-treated Soil-A and
Soil-B

Table 4.8

Note: Low compaction energy ~ 10,000 ft-lbm3
Medium compaction energy ~ 25,000 ft-lb/ti3
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Fig. 4.18 Effect of fly ash content on CBR values of Soil-B
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Fig. 4.19 CBR vs dry-density curves of fly ash treated Soil-A
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4.2.8 COMPARISON OF CALIFORNIA BEARING RATIO (CBR)

A comparative study of CBR test for three levels of compaction energy and 4 days soaking time of

regional soils are rcpresented in table 4.9 1n these tests up to 9% lime and] 8% flyash are used. It

shows that, compared with the untreated soils, CBR values of (he treated soils at al] levels increase

considerably with increase in lime and flyash content. The variations of CBR with lime and flyash

content for regional soi.ls are shovm in Fig. 4.21

It can be seen from Table 4.9 that the CBR values of the regional treated soils with lime increase up to

about 8 times than those of the respective untreated samples. TRB (] 987) reported the effect of lime

treatment on CBR values for t11Jeeplastic clays ( LL = 35 to 59, P1= 15 to 30) and showed that lor all

the soils CBR increase markedly with the increase in lime content. Nine samples are taken lor

comparison of CBR values for different percent of lime content ad di1ferent level of compaction

energy. From the table 4.9 it can be shown that thc CBR values increases with the increase in lime and

flyash content and ranges fi'om 4 to 69 and 92 respectively. The C13R values of coastal soils were

found to be higher than other regional soils. The trend of increase in CI3R values of coastal and

reclaimed soils was found same. Where as it increascs almost] 0 times when trealed with 18% flyash.



Table 4.9 Comparison of CBR values of lime stabilized regional soils of Bangladesh

Soi I code Lime CO'htent (%) CBR Value
Low Medium High0 4 5 8

H-A 3 26 ?9 386 30 32 419 35 37 460 2 3 6M-I 3 3 17 165 4 14 200 I 2 4M-2 3 4 18 285 5 21 330 3 4 81\1-3 3 4 7 II5 4 9 140 - - -
H.A 2 1.5 8 204 3 10 ?66 3 10 )50
H-B 2 2 13 264 .. ? 14 296 3 8 ?30 10 13 21
1'-13 3 25 29 495 37 44 597 42 55 640 12 15 17

I 16 )3 36AI-I-13 3 32 43 495 48 56 . 597 53 64 690 II 16 243% Lime/
38 49 58MI.A 6% tlyash

3% Lime
] 2% llyash 56 68 88
3% Lime
18% flyash 68 94 117

0 10 13 213% Lime! 27 37 46MI-B 6% tlvi:lsh
3% Lime
J 2% flyash 38 54 86
3% Lime
18% llyash 46 77 92



148

120

100

80 -.~H-l
-.-M-l

a::: 60 -.~M-2
In -y-M-3()

-+-H-A•40 -+-H-B
-X-R-B
-llE-AH-B
---MI-B
-I-MI-A

0
0 2 4 6 8 10 12 14 16 18 20

Lime I Flyash %

Fig: 4.21 Comparison of the effect oflime stabilization on CBR between different regional soils of
Bangladesh and soils used in the present study.



The effect ot flyash content on J1exllral strength' for Soil-A and Soil-B are shown in Figs.4.24 and

4.25 respectively while Figs.4.26 and 4.27 present the effect of Jlyash content on llexllralmodulus

of Soil-A and Soil-B respectively. Figs. 4.24 to 4.27 show that Ilexural strength and modulus

increases with increasing tlyash content. It is evident trom Figs.4.24 to 4.27 that curing age has got

insignillcant effect on increase in flexural strength and modulus.

The llexural properties of untreated and stabilized samples of the two soils have been investigated

by carrying out llexural strength test using simple 'beam test with third point loading, Typical

nexural stress versus defection curves for two stabilized samples of Soil-A and Soil-B is presented

in Figs.4.22 and 4.23 respectively. It can be seen from Figs. 4.22 and 4.23 that tlexural stress-

denection curves are approximately linear. From the flexural stress and deflection data tlexural

strength and modulus were determined. The flexural properties of Soil-A and Soil-B are presented

in Tables 4.10 and 4.11 respectively. It can be seen from Tables 4.10 and 4. J I that for both Soil-A

and Soil-B, compared with the untreated sample, flexural strength and modulus ot the treated

samples cured at 7, 14 and 28 days increased significantly. It can be seen from Table 4.10 that

compared with the untreated sample, the llexural strength and modulus of Soil-A treated with 6%,

12% and 18% flyash and cured at 28 days are respectively about 1,5, 3, 4.6 times and 1.8, 2 and 3

times higher respectively. Table 4.1 J shows that the flexural strength and modulus of Soil-B treated

with 6%, 12% and 18% llyash and cured'at 28 days are respectively about 2, J .5.6.7 times and 2.6.

3.4.4 times higher respectively than those orthe untreated samples. The maximum deJ1cction and

of untreated and stabilized soil-flyash beams were in the range ot 0.15 mm to 0.35 mm

respectively. Comparing the flexural strength [md modulus of Soil-A with those of Soil-B, it is

evident that the values ofllexural strength and modulus of samples of more plastic Soil-B(PJ=J 9) is

higher than the less plastic Soil-A (PI=7).

14')

FLEXURAL STRENGTH AND MODULUS4.2.9



Fig. 4.22 Flexural stress versus deflection curve of fly ash-treated Soil-A

Fig. 4.23 Flexural stress versus deflection curve of fly ash-treated Soil-B

150

0.15 0.20 0.25 0.30 0.35 0.40

Deflection (mm)

0.100.05

•

1-/
/.---
~./

/./ ---.
~,. Flyash18% with 3% lime

r--/' Curing age 28 days

~~

/,..-
/'"

/.~
•

/.
/.

}" .

/.
18% Flyahs and 3% Lime -.~

rI Curing Age: 28 Days
V.~

/

o
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40

Deflection (mm)

o
0.00

350

300

~
250'"E-z.>< 200~

til
til

~ 150-(f)
l!!

100::J
X
CDu::

50

350

300

~
"'E 250-Z.>< 200~
III
~ 150ii5
l!! 100::J
~u:: 50



Table 4.10 Flexural properties of untreated and flyash-treated Soil-A

Flyash/Lime Curing Age Flexural Strength Maximum deflection Flexural Modulus
Content (%) (Days) kN/m2 (mm) (MPa)

0 - 65 .198 47
7 71 .1778 59

3% lime 14 75 .1651 61
28 82 .152 64
7 83 .144 81

6% flyash + 14 88 .152 84
3% lime 28 101 .1651 85

7 120 .1905 86
12% flyash + 14 145 .21 92
3% lime 28 202 .254 98

7 243 .2667 122
18% flyash + 14 257 .279 131
3% lime 28 303 .304 143

Table 4.11 Flexural properties of untreated and flyash-treated Soil-B

Flyash Curing Age Flexural Strength Maximum deflection Flexural Modulus
Content (%) (Days) kN/m2 (mm) (MPa)

0 - 50 .226 33
7 57 .1728 49

3% lime 14 61 .176 51
28 64 .179 54
7 88 .152 71

6% flyash + 14 94 .152 83
3% lime 28 100 .152 88

7 121 .20 83
12% flyash + 14 137 .20 100
3% lime 28 162 .2286 105

7 275 .30 119
18% flyash + 14 293 .33 128
3% lime 28 337 .35 140



Fig. 4.25 Effect of fly ash content of flexural strength ofSoil-B
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4.2.10 COMPARISON OF FLEXURAL STRENGTH AND MODULUS

The flexural strength and modulus of untreated and treated samples of regional soils for 28 days curing

and treated with various lime content are shown in table 4.] 2 It is found that with the increase in lime

content both the flexural strength and modulus increase significantly. The flexural strength of lime

treated soils increases up to 3 times and the flexural modulus of lime treated soil increases up to 2.5

times higher than those of the untreated soils. The effects of lime content on flexural strength for

regional soils are shown in Fig. 4.28 while Fig. 4.29 shows the effect of lime content on flexural

modulus for regional soils. The ranges of flexural strength are between 47 kN/m2 to 243 kN/m2 and

flexural modulus varies between 23 MPa to 71 MPa. The flexural strength of expansive soils was

found to be higher than other coastal and reclaimed soils. The trend of increase in flexural strength of

coastal, expansive and reclaimed soils was fowld to be the same.

Table 4.12 Comparison of flexural properties (28 days) ofHme stabilized regional soils of
Bangladesh

Soil code Lime/Flyash Flexural Strength Flexural Modulus
(%) (kN/m2) (MPa)
0 97.2 46.0

H-A 3 145.0 61.0
6 211.0 63.0
9 243.0 69.0
0 49.1 32.7

R-B 3 63.5 51.8
5 87.2 58.4
7 97.1 71.2
0 47.3 23.3
I 66.3 29.1

AH-B 3 81.6 52.5
5 88.7 57.7
7 116.8 62.3
0 65 47.2

MI-A 3 82 63.9
6 101.23 85.3
12 202 98.2
18 303 143
0 50.0 32.8

MI-B 3.0 64.0 53.7
6 100.0 88.2
12 162.0 105.03
18 337 139.6



Fig: 4.28 Comparison of the effect of lime stabilization on flexural strength between different regional soils of
Bangladesh and soils used in the present study.

Fig: 4.29 Comparison of the effect of lime stabilization on flexural modulus between different
regional soils of Bangladesh and soils used in the present study.
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CHAPTER-5

CONCLUSION AND RECOMMENDATIONS

FOR FUTURE STUDY

5.1 CONCLUSIONS

In this research work. t1yash stabilization of two selected soil (collected from Anwara and

13anshkhali) of Chittagong coastal region havc been carried out . Flyash has been used in

percentage of 6.12 and 18 while lime has been added in percentages of 3 as additives with and

without Ilyash. The physical and engineering propertics offiyash and lime stabilised soil have been

determincd in order to asses the suitability of fiyash and lime stabilization further use in road

construction. The major findings and conclusions have been separated into three sections relating to

the following areas:

(I) The iniluence of flyash with lime stabilization on the physical and engineering properties on

samplcs of the two coastal soil ii'om Anwara (i.e. Soil-A) and Banshkhali (i.e ,Soil-B) /l'om

two selected location of Chittagong coastal region.

(2) The effect of lime stabilistion on the physical and engineering properties on samples.

5.1J INVESTIGATIONS ON THE EFFECT OF FLYASH STABILISA TION

This section presents thc findings and conclusions obtained frol11 the experimental investigation of

the influence of flyash stabilization on smaples of the two coastal soils studied. The major findings

and conclusions may be summarized as follows:

(i) Compared ,,:ith the untreated samples of Soil-A and Soil-B, plstic limit of the stabilised

samples increased while plasticity index, shrinkage limit and linear shrinkage reduced.

Compared with the untreated sample, the value of liquid limit of the treated sample

increased in Soil-A while it is reducted in case of Soil-B. For Soil-A (LL= 30 PI =7)
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both liquid and plastic limit increased while for Soil-B (LL=44, 1'1=19) liquid limit

reduced and'plastic limit increased with increased flyash content.

For samples of both the soils, compared with the untreated samples, the values of

maximum dry density (Ymax) increased with flyash content and decreased with 3% lime

while the values of optimum moisture content (opt) reduced. Compared with the

untreated sample, the values of Ymax increased up to 7.5% for both the soil with 18%

flyash. The values of Wept reduced upto 15% and 10% respectively for samples of

Soil-A and Soil-B.

For samples of both the coastal soils, compared with the untreated samples, the values

unconfined compressive strength (qu) of the treated samples incrcases significantly,

depending OJ1 the flyash content and curing age. The values of qu of samples of Soil-A

and Soil-B treated with 6% and 18% flyash and cured at 28 days werc found to be about

4 and 5 times higher than the strength of he untreated samples respectively. It has also

been fount that the gain in strength with increasing flyash content and curing age is

higher in the less plastic Soil-A(PI= 7) than in the morc plastic Soil-B (1'1=19).

Compared with the untreated samples, the values of axial stra.in at failure (E,) of the

stabilised samples rcduced with the increase in flyash content which evidently indicated

that the treated samples became more brittle as ilyash content increased. The rate of

strength gain with curing timc (determined in terms of strength Development Jndex,

SDI) for samples of Soil-A and Soil-B treated with 6% flyash are relatively much

slower than those of samples treated with 12% and 18% flyash.

It was found that values ofqu of samples of Soil-A (belonging to A-4 group) and Soil-B

(belonging to A-7 group) treated with 6%,12% and 1.8% flyash with 3% lime and cured

for 7, J 4 and 28 days satisfied the requirements of PCA (19956) for the unconfined

compressive strength ofsoil-tlyash mix.

Compared with the untreated sample, CBR-values of the treated samples for both Soil-A

and Soil-B increased considerably irrespective of the level of compaction effort. It was

found that the CBR-values of Soil-A and Soil-B stabilized with 6% flyash increased up

to about 4.5 times and 3.7 times than those of the respective untreated samples. It has

also been observed that the CBR-values of samples of the less plastic Soil-A (1'1=7) are

moderately higher than those for the samples of more plastic Soil-B I'J=] 9. Comparing
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with the criteria for four-dav soaked CBR-values of soil-flvash mix for use in road sub-~ ~

base and base subjected to light traffic as proposed by Ingles and Metcalf (1972).

(v) The flexural stress versus deflection curves have been found to be approximately linear

for both Soil-A and Soil-B, compared with the untreated sample. ilexural strength and

flexural modulus of the treated samples increased significantly. depending on the flyash

content. For comparison, the ilexural strength and ilexural modulus of Soil-A treated

with 18% flyash and cured at 28 days are rcspectively about 4 times and 2.7 times

higher than those for the untreated sample. The flexural strength and modulus of Soil-B

treated with 18% flyash and cured at 28 days are respectively about 6 times and 4.3

times higher than those of the untreated samples. The curing age, however, has got

insignilicant effcct on increase in ilexural strength and modulus. It was also found thal

the values of flexural strength and modulus of samples of more plastic Soil-B (1'1= 19) is

higher than the less plastic Soil-A (1'1=7). The maximum deilection and failure strain of

untreated and stabilised soil-ilyash beams were very small and have been found in the

range of 0.15 mm to 0.35 Illm and 0.101% to 0.240% respectively

From the aforementioned findings, it is evident that for both samples of the two coastal

soils studied, ilyash stabilization provided a substantial improvement in the engineering

properties as compared with the samples of the untreated soils. It has also been found

that, in general, samples of both the soils stabilized with 12% and 18% ilyash with 3%

Limes satisfied the requirements of compressive strength, CBR and durability for their

use as base or sub-base materials in roads subjccted to light traffic.

5.2 RECOMMENDA TIONFOR FUTURE STUDY

Several aspect of the work presented in this thesis requires hlrther study. Some of .the importaJ1l

areas ofruture research could be as follows:

(I) The present study was carried out on samples collected from the two selected location of

Chittagong coastal region. Similar investigations may be carried out with soils collectecl

fi'om other coastal regions of Bangladesh Like Cox's Bazar, Bhola, Barisal, Mongla and the

results may be compared with those obtained in the present investigations.
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(2) In this research work, samples of the two coastal soils were stabilized with a maximum of

18% flyash and 3 % lime contents. The scope of the present work could be extended by

determining the physical and engineering properties of these soil samples stabilized with

higher percentage of flyash and lime in order to evaluate the optimum additive content

which fulfills all the necessary requirements for their use in road construction in rural areas.

(3) In this research work, the stabilized samples were cured for a maximum ages of 28 days

while investigation their engineering properties. The influence of long term curing age (at

least up to 90 days) on engineering properties of the stabilized samples, particularly flyash

treated samples of the two soils studied could be investigated

(4) In this investigation, flyash and Lime have been used as additives for stabilization.

Investigations of the physical and engineering properties could be carried out by stabilizing

the soils studied with other additives (flyash+cement and only flyash) in order to assess the

most suitable type of additive for stabilizing these coastal soils for use in road construction.

~
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ANNEX A

Soil Type Compressive Strength

kN/ m'
7 days 28 days

Sandy and Gravelly soils: 2067-4134 2756-6890
AASHO group A-J, A-2, A-3

Unified group GW, GC, FP, GM, SW, SC. SP, SM
"

Silty soils: 1723-3445 2067-6201
AASHO group A-4, A-5

Unified group ML and CL

Clayey soils: 1378-2752 1723-4134
AASHO group A-6, A-7

Unified group MH, CH

(
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