
CERTIFICATION OF APPROVAL

Use of Pulverized Fly Ash in Asphalt Concrete Mixture

by

Yee Chung Tuck

A project dissertation submitted to the

Civil Engineering Programme

Universiti Teknologi PETRONAS

in partial fulfilment of the requirement for the

BACHELOR OF ENGINEERING (Hons)

(CIVIL ENGINEERING)

Approved by,

(Koh Moi Ing)
Koh Moling
Lecturer

Civil Engineering Programme
Unlveretti Taknologl PETRONAS
31750 Tronoh,
Ptrak Darul Ridzuan, MALAYSIA

UNIVERSITI TEKNOLOGIPETRONAS

TRONOH, PERAK

June 2005

-1 -



CERTIFICATION OF ORIGINALITY

This is to certify that I am responsible for the work submitted in this project, that

the original work is my own except as specified in the references and acknowledgements,

and that the original work contained herein have not been undertaken or done by

unspecified sources or persons.

G TUCK)

- n -



Acknowledgement

I am deeply grateful in writing this dissertation of my final year project and would

like to take this opportunity to thank several individuals that I highly indebted to

throughout my final year project.

Firstly, I would like to thank god for the blessings and opportunity given to me to

undertake this project. Without His grace, the project will not be successfully completed.

I would also like to express my highest gratitude to my Final Year Project

supervisor, Miss Koh Moi Ing for the guidance and useful knowledge given to me from

the start till the end of the project. I am very thankful for all the efforts and time she

scarified in guiding me. I am also very fortunate to have worked with her.

Also, thanks to all Civil Engineering Department technicians, especially En. Zaini

and En. Idris. Thanks for the assistant and help in conducting all the laboratory tests

required in the project.

I also wish to thank my parents and family members for their moral support

during the project. Their understanding and concern are much appreciated.

Last but not least, I would like to thank my friends who have helped me in a way

or another to complete this project.

-111-



Abstract

The increasing wastes and by-products from the rapidly developed industries

nowadays, has become a major concern globally, whereby, on how to handle these wastes

and by-products properly without causing any damages to the society and environment.

Among the wastes/by-products from the industries are such as, steel slag ash, kiln dust,

blast furnace slag and much more. In this study, the concern will be on Pulverized Fly

Ash (PFA), which is a by-product from the coal combustion industry. The highway

construction requires lots of raw material from the natural resources. Hence, researches

on incorporating industries wastes into asphalt pavement, to reduce consumption and

need on virgin aggregates are indeed important. In this study, experiments will be

conducted to studyon the characteristics of asphalt concrete mixture when PFA is mixed

into the mixture rather than using OPC as filler. Marshall Mix Test will be carried out to

determine the optimum binder content (OBC) for both mixtures in order to design or

determine the material proportions to prepare samples for performance tests, hi this

study, the samples are prepared by using 55% of coarse aggregates, 40% fine aggregates

and 5% filler (both for OPC and PFA mixtures) and the OBC for both OPC and PFA

mixtures are 5.58% and 5.45% respectively. Among the performance tests involved in

this studyare Wheel Tracking Test (deformation/rutting) andBeamFatigue Test (asphalt

concrete mixture deterioration). The obtained results will be analyzed and discussed to

determine the advantages or disadvantages of incorporating PFA into asphalt concrete

mixture in engineering aspects, such as workability, permanent deformation, fatigue life

and flexural stifmess. From the performance tests conducted, PFA mixture has lower

permanent deformation, higher flexural stiffness but lower fatigue life as compared to

conventional mixture.
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Chapter I

Introduction

1.1 Introduction

The purpose of this study is to research on application of industrial wastes or by

products in asphalt concrete mixtures. The increasing volume of generated wastes and

disposal of these wastes had eventually become a global issue to the world. As a result,

lots of studies and researches on industrial wastes application in highway industry have

been conducted as the efforts of revealing the possible positive results such as, upgrading

the current highway system and lower construction and rehabilitation cost. The wastes

that have been studied include rice husks ash, steel slag ash; kiln dust, fiber from oil palm

and others recycle materials. The selected waste in this study is Pulverized Fly Ash

(PFA), a waste generated from coal burning industry.

Sieve analysis as accordance to BS812: Part 103:1985 will be conducted to

determine the aggregate gradation, followed by Marshall Mix Test as accordance to

BS598: 1985 to determine the optimum binder content (OBC) for designing the

bituminous mix. The obtained results will be compared and conform to JKR ACW 20

standard. Upon obtaining the bituminous mix design, samples will be prepared and

performance tests, which are Wheel Tracking Test and Beam Fatigue Test, will be

conducted. The obtained results from both tests will be analyzed and discussed to

determine the improvements achieved in the study.

Lastly, this study will include the recommendations for future works that can be

implemented, as the expansion from this study, such as other performance tests to

determine the improvements in other aspects.
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1.2 Background of Study

In this new millennium, the needs and demands to develop new asphalt concrete

mixture with better and higher performance as compared to the conventional one, has

become more significant especially highway engineering fields or industries. A better

and higher performance asphalt concrete mixture may have higher initial cost, however

this cost will be overcome in long term, due to the lower rehabilitation and repairing cost

in future work. Hence, economy-wise, it is truly encouraged to develop a better and

higher performance asphalt concrete mixture.

The typical type ofasphalt pavement used in Malaysia for the moment, is the

conventional asphalt pavement, which consists of coarse aggregates, fine aggregates,

binder and filler. The commonly used filler is Ordinary Portland Cement (OPC). The

critical concerns associated with pavement are the defects and problems regarding

pavement performance, such as:

• Permanent deformation/rutting

• Cracking

• Water susceptibility

For this matter, the selection ofmaterial to be applied is another concern, due to

availability and cost of the material itself, which regards as economy concern. Hence,

utilization of industrial wastes and by-products are viewed as a prevailing trend these

days. The carried out studies on using these wastes into asphalt concrete mixture showed

positive results, in terms of strength, durability, performance and other aspects. Among

the wastes used before are steel slags, klin dust, blast furnace slag and other industries'

wastes.
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1.3 Problem Statement

As the volume ofwaste and by-product materials generated in our society and the

cost ofdisposal continue to increase, there is increased pressure and incentive to recover

and recycle these materials for use in secondary applications. Since the highway

construction industry required large volume ofraw materials, hence introducing these

wastes into highway industry is expected to be a better option. In facts, many highway

agencies have become participants in these recycling efforts. In spite of this, by recycling

these wastes, it was hope that the consumption of natural resources can be reduced.

1.4 Objective and Scope of Study

The main objective of this study is to determine the suitability of using PFA as a

replacement material for filler in asphalt concrete mixture. The commonly used filler in

highway industries are quarry dust and OPC. The purpose of the study is to determine

the improvement achieved by using PFA as a filler substitute in asphalt concrete mixture.

Jabatan Kerja Raya (JKR) ACW 20 will be the standard guideline to be used

throughout this study, in order to achieve optimum binder content from Marshall Mix test

before determining the improved performance. The performances to be determined in this

study are:

• Permanent deformation/rutting through Wheel Tracking Test

• Flexural Stiffness through Beam Fatigue Test.

• Fatigue life through Beam Fatigue Test.
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1.5 Organization of Thesis

This report is divided into a few chapters and each chapter will discuss

extensively concerning the findings, outcomes, procedures, discussions, conclusions and

last but not least the recommendations for future works of this study. There are 7 chapters

in this report, and the content of each report are such as:

Chapter 1

This chapter will brief regarding background of the study, problem statement,

objective and scope of study for this research.

Chapter 2

This chapter will brief about the material classifications, which are coarse

aggregates, fine aggregates, filler and binder. Besides, PFA production, current

management and usage ofPFA, physical and chemical properties of PFA, improvements

achieved by using other industries wastes and lastly, the excepted or theoretical

improvements to be achieved by using PFA in asphalt concrete mixture.

Chapter 3

The main content in this chapter is regarding methodology of the research, which

will explain briefly, steps by steps, all the laboratory tests that had been implemented in

this study, such as sieve analysis, Marshall Mix test and the 2 performances tests which

are Wheel Tracking test and Beam Fatigue test.
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Chapter 4

The results obtained from sieve analysis will be used in this chapter to determine

the materials proportions to be used in this study, as accordance to JKR ACW 20

specifications. Besides, the outcomes from the Marshall Mix test are included in this

chapter to determine the optimum binder content, by taking into consideration Marshall

Stability, Bulk Density, Voids and Flow, to be used in preparing samples for

performances tests.

Chapter 5

This chapter will brief and display the outcomes or results obtained from the

implemented performances tests, which are Wheel Tracking and Beam Fatigue test.

Chapter 6

Discussion on the obtained results from implemented performances tests will be

done extensively in this chapter, in order to explain the outcomes obtained in this study.

This is done by including all the technical terms and related facts in highway engineering

views.

Chapter 7

This last chapter consists of summary or conclusions for this study, and also

provides recommendations as the guidelines of frame works from future researches

works for this study.
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Chapter II

Literature Review and Theory

2.1 Introduction

In this chapter, focused will be given on material classification as been stated in

Jabatan Kerja Raya (JKR) manuals, and to give a rough idea on roles of each component

in asphalt concrete mixture, that will contribute towards producing a good asphalt

concrete mixture, in terms of its performance.

Then, explanation on Pulverized Fly Ash production, current PFA management,

PFA in construction industries, PFA physical and chemical properties, examples of

successful wastes incorporated in highway industry and lastly, the theoretically

improvements achieved in this study.

2.2 Materials Classifications

Material classification is an important procedure in determining and selecting the

suitable material to be used in asphalt concrete mixture. This is because in asphalt

concrete mixture, a well-graded aggregate is an important factor and criterion to be

fulfilled initially. Having a well-gradation of aggregates, these aggregates will eventually

filled up the voids and pore spaces in between the aggregates and hence providing higher

strength and durability to the mixture itself. The components of asphalt pavement

constitutes of:

1) Binder

2) Coarse aggregates

3) Fine Aggregates

4) Filler
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The role of each elements in the mixture is important, for instance coarse

aggregates provide the mechanical frame, providing strength to the mixture, while fine

aggregates and fillers functioned to fill in the voids, due to its smaller particle sizes.

Lastly, bitumen which performed as binder will provide stability to the whole structure

when it binds together all the elements in the pavement.

2.2.1 Binder

There are varieties of bitumen grade available, ranging from grade 40 to 200. The

selection of bitumen grade to be used depends largely on the climate and the designed

traffic loading. For instance, a high temperature and traffic loading will require lower

penetration bitumen, hence a lower penetration bitumen grade is recommended, such as

40/50, while for a lower temperature and traffic loading will use a higher penetration

bitumen grade, such as 180/200. For normal temperature and traffic loading, a bitumen

grade of 80/100 is adequate. The function of binder is to bind all the elements together

and hold them properly in other to develop the mixture's strength and stability.

2.2.2 Coarse Aggregates

Coarse aggregate shall be screened crushed hard rock, angular in shape and free

from dust, clay, vegetative and other organic matter, and other deleterious substances^3-*.

The main function of coarse aggregate is to provide the primary strength to the mixture

itself. Thus, good quality coarse aggregates are recommended to be used in the mixture.

The quality of the coarse aggregate can be determined by several means or tests, such as,

Los Angeles Abrasion test, and Aggregate Compaction Value test. All these tests will

provide information regarding the quality of the coarse aggregates.
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2.2.3 Fine Aggregates

Fine aggregates shall be clean natural sand, screened quarry fines, or mining sand.

It also shall be non-plastic and free from clay, loam, aggregations of material, vegetative

and other organic matters, and other deleterious substances^ \ Fine aggregates functioned

to enhance the mixture's stability, through interlocking of aggregates and filling the

voids. Hence, well-graded fine aggregates, in the range of 2.36 mm to 0.075 mm are

important to ensure the mixture's stability.

2.2.4 Filler

Mineral filler shall be finely divided mineral matter such as rock dust, limestone

dust, hydrated lime, hydraulic cement or other suitable material^-*. At the time ofmixing

with bitumen it shall be sufficiently dry to flow freely and shall be essentially free from

agglomerations. Not less than 70% by weight shall pass the No.200 sieve (0.075 mm).

The smaller size particles (less than 0.075 mm) will eventually fill up the voids in

between coarse and fine aggregates. In present study, Pulverized Fly Ash is proposes to

be used as the filler in producing better performance pavement instead of conventional

pavement that used of OPC.

2.3 Pulverized Fly Ash (PFA)

PFA to be used in Portland Cement Concrete (PCC) must meet the requirements

ofASTM C618 (6\ Under this specification, PFA iscategorized as:

• Class F fly ash

• Class C fly ash

Fly ash that is produced from the burning of anthracite or bituminous coal is

typically pozzolanic, and is referred to as Class F fly ash, if it meets the chemical



composition and physical requirements specified in ASTM C618. Meanwhile, fly ash that

produced from the burning oflignite or sub-bituminous coal, in addition to having

pozzolanic properties, will also have some self-cementing properties (ability to harden

and gain strength in the presence ofwater). Ifthis fly ash meets the chemical composition

and physical requirements asbeen described in ASTM C618, hence it will bereferred as

Class C fly ash.

Fly ash is stored dry insilos, so that it can be used or disposed ofina dry orwet

form. Water can be added for stock-pilling or land-filling in aconditioned form (15% to

30% moisture), orfor disposal by sluicing into settling ponds orlagoons inwet form. The

main advantage ofconditioning fly ash is the reduction ofblowing or dusting during
transportation and outdoor storage.

2.3.1 Production of PFA

Pulverized Fly Ash, (PFA) isproduced from the process ofburning pulverized

coal in acoal-fired boiler (wastes by-products). PFA is a fine-grained, powdery

particulate material that is carried offin the flue gas and usually collected from the flue

gasby electrostatic precipitators, bag houses or mechanical collection devices suchas

cyclones. Currently, there are 3types ofcoal-fired boiler furnaces, which are dry-bottom
boilers, wet-bottom boilers and cyclone furnaces. The commonly used is dry-bottom
furnace.

When pulverized coal is combusted in a dry-ash, dry-bottom boiler, 80% of allthe

ash leaves the furnace as fly ash, entrained inthe flue gas. When pulverized coal is

combusted in wet-bottom (slag-tap) furnace, about 50% of the ash is retained in the

furnace, with the remaining 50% being entrained in the flue gas. Lastly, in a cyclone

furnace, where crushed coal is used as a fuel, 70% - 80% of the ash is retained as boiler

slag and only 20% to 30% leaves the furnace as dry ash in the flue gas(1). Figure 2.1

showed the flow diagram offly ash production in adry bottom coal-fired utility boiler
operation.
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Figure 2.1:

Fly AshProduction in a drybottom coal-fired utility boiler operation.

In 1996,the most recent year for which fly ash statisticsare available, the

electrical utility in United States of America, generated approximately 53.5 million

metric tonsof coal fly ash. Until 1996, the fly ashproduction annually remained roughly

the same since 1977, ranging from 42.9 to 49.7 million metric tons(47.2 to 54.8 million

tons)(2). (ifpossible, include similar statistic in Malaysia)

2.3.2 Current PFA management

2.3.2.1 Recycling

Approximately 14.6 million metric tons (16.2 million tons) offly ash were used in

1996, and of this total, 11,85 million metric tons (13.3 million tons) or about22%of the

totalquantity of flyashproduced, were used in constructions-related applications. Table

2.1 showedthe list of the leadingconstruction application, in whichfly ash was used.

In between 1985 to 1995,the usage of fly ash fluctuated in between 8 to 11.9

million metric tons (11.3 million tons) per year, averaging 10.2 million metric tons (11.3

million tons) peryear. Fly ashis useful inwide range of applications, since fly ash is a

pozzolan, a siliceous oralumini-siliceous material that, when ina finely divided form and
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in the presenceof water, will combine with calciumhydroxide (from lime, Ordinary

Portland Cement) to form cementitious compound*-4'.

Table 2.1: Leading construction application ofPFA

2.3.2.2 Disposal

Although fly ash generated/produced is used in many applications, however about

70% to 75% of the fly ash is still disposed of in landfills or storage lagoons. Fortunately,

much of this ash is capable ofbeing recovered and used,

2.3.3 Application of PFA in Construction

PFA has been used as additive in concrete and showing positive improvements in

the behavior and properties of concrete, while in plastic state and long term hardened

concrete. Among the improvements achieved byapplying PFA inconcrete are :(5)
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Concrete in plastic state

1. Improved workability

2. Reduced segregation

3. Increased pump-ability

4. Reduces equipment wear

Long term concreteperformance

1. Increase concrete strength

2. Reduces drying shrinkage

3. Resistant to sulphate attack

4. Mitigates alkali aggregate

5. Reduces heat ofhydration

6. Cost competitive

Table 2.2: Advantages of PFA in concrete

While Table 2.2 showed the improvements achieved by applying PFA in

concrete, below listed down the desired improvement parameter to be achieved in

highway construction industries which are:

• Stiffness

• Permanent deformation

• Fatigue life

• Flexibility

• Impermeability

• Durability

• Workability

• Economy

2.3.4 Current usage of PFA

PFA had been used in variety ofways in the construction industries since past

decades. Among the PFA applications are(7):

i. Portland Cement Concrete- supplementary cementitious material

Fly ash has been successful used as admixture in PCC and is the largest use of fly

ash. It can be used as a feed material for producing Portland cement and as a

component of Portland-pozzolan blended cement. While applying fly ash in this way,

fly ash must be in dry form, and the quality shall be monitored closely. The important

properties that need to be considered are fineness, loss on ignition and chemical

-12-



content. The fly ash used must also have sufficient pozzolanic reactivity and must be of

consistent quality.

ii. Asphalt Concrete - mineralfiller

Mineral filler in asphalt concrete mixture consists of particles, less than 0.075 mm

(No 200 sieve) in size, to fill voids in pavements and serve to improve the cohesion of

binder and mixture's stability. Fly ash is capable of meeting the gradation requirements

and other pertinent physical (non-plastic) and chemical (organic content) requirements

of mineral filler specifications. Fly ash must be in dry form, and for certain sources of

fly ash having high content of lime (CaO), may be useful as an anti-stripping agent, and

commonly applied in hot mix asphalt.

iii. Stabilized base (sub-base)

Sub-base are mixtures of aggregates and binders, which increase strength, bearing

capacity and pavement's sub-structure durability. Since fly ash may exhibit pozzolanic

properties (self cementing), it can and has been successfully used as part of the binder

in stabilized base construction applications. The successfulness depends on the

strength's development within the matrix formed by the pozzolanic reaction between

fly ash and the activator. The cementitious matrix acts as binder to hold aggregate

particles together,

iv. Flow-ablefill

This is a slurry mixture consists of sand or other fine aggregate and a cementitious

binder (normally used as substitute for compacted earth backfill). Fly ash is used in

flow-able fill applications as fine aggregate and supplement to or replacement for

cement. When fly ash is added in large quantities, the fly ash will act as both fine

aggregates and part of cementitious matrix.
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v. Embankment andfill material

As embankment or fill material, fly ash is used as a substitute for natural soils.

For this manner, fly ash must be stock-piled and conditioned to its optimum moisture

content to ensure the material is not too dry and dusty or too wet and unmanageable.

When fly ash, is at or near its optimum moisture content, it can be compacted to its

maximum density and will behave as like a well compacted soil.

2.3.5 Physical Properties

Fly ash consists of fine, powdery particles that are predominantly spherical in

shape and glassy (amorphous) in nature. The carbonaceous material in fly ash is

composed of angular particles, and the particle size distribution is similar to silt (less than

0.075 mm or No 200 sieve). Although sub-bituminous fly ashes are silt-sized, they are

slightly coarser than bituminous fly ashes.(2)

Figure 2.2: PFA particle shape (microscopic)
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The specify gravity of fly ashesranges from 2.1 to 3.0,while its specific surface

area (measured by Blaine air permeability method)(8) may range from 170 to 1000 m/kg.

Flyashcolor canvary from tan to gray to black, depending on the amount of unburned

carbon. The lighterthe color, the lower will be the carboncontent.

Figure 2.3: Typical fly ash color

2.3.6 Chemical Properties

Themaincomponents of bituminous coal fly ash are silica, iron oxide and

calcium, with varying amounts of carbon, measured by loss on ignition (LOI). Lignite

coal fly ashes are characterized byhigher concentrations of calcium andmagnesium

oxideandreduced percentages of silicaand iron oxide, as well as lowercarbon content,

compared to bituminous coal fly ash(9). Table 2.3 compared the normal range ofchemical
constituents of bituminous coal fly ash with lignite and sub-bituminous coal fly ash.

The main difference between Class C and Class F fly ash is in the amount

ofcalcium, silica, alumina and iron content inthe ash(8). InClass F fly ash, total calcium

typically ranges from 1 to 2 percent, mostly in the form of calcium hydroxide, calcium

sulfate and glassy components in combination withsilica andalumina. In contrast, Class

C fly ash may have reported calciumoxide contents as high as 30 to 40 percent .

Another difference between Class F and Class C is that the amount of alkalis (combined

sodium andpotassium) andsulfates (S04) are generally higher in the Class C fly ashes

than in the Class F fly ashes.
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Table 2.3: Normal range of chemical composition for fly ash produced from different

coal types (expressed as percent by weight)

2.4 Other industries wastes

Despite ofusing PFA in asphalt concrete mixture, other wastes and by-products

from the industries had also been studied and researched concerning its application in

highway construction industry. Table A-1 in the appendix showed the applications of

other wastes and by-products from the industry. Among the wastes by-products are:

2.4.1 Steel slag

The improved properties are :c U):

• Stability

A very high stability, 1.5 to 3 times higher than conventional mixes with good

flow properties.
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Stripping resistance/good frictional

Resistance to stripping is enhanced due to the presence of free lime.

Rutting resistance

Resists rutting after cooling but yet still compactable due to good flow properties.

This property is advantageous for highways, industrial roads, parking areas

subjected to heavy axle loads.

2.4.2 Blast furnace slag

The improved properties are(12):

• Stability

The angular shape and high friction angle of crushed BFS, contributes to good

lateral stability.

• Frictional property

This is due to rough, vesicular surface texture, high angularity and hardness of

BFS.

• Resistance to rutting

This is due to good flow properties, resulting in a mix that resists rutting after

cooling and yet compactable.

• Resistance to stripping

Due to its hydrophobic nature, BFS has a high affinity for asphalt cement

compared to water, resulting in excellent adhesive bond between BFS aggregate

particles and asphalt cement, hence excellent in stripping resistance.
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2.5 Expected improvement by applying PFA

Theoretically, the expected improvements are:

Reduction in porosity

This is because of the small particles size, mainly less than No 200 sieve (0.075

mm). As a result of this small particle size, PFA particles will fill in the voids in between

coarse and fine aggregates.

Resistance to cracking

This is due to the reduction ofporosity, since voids may not only contain water

alone, but as well as air, the entrapped air will oxidize the binder and hence, the binder

will not hold the aggregates properly anymore. As time passed, cracking will be then

initiated.

Resistance to rutting

Due to PFA nature properties (hydrophobic to water), PFA particles have lower

affinity towards water, and thus when water filled up the void in asphalt concrete

mixture, the binder shall still hold the aggregate tightly. Hence, permanent deformation

will be significantly reduced.

Improved Workability

Since PFA particles are spherical in shape, thus this will ease the placement of

asphalt concrete mixture while still in hot condition.
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Economy

Cost savings from reduction of maintenance activities in long term, longer

serviceability life and better and higher performance asphalt pavement. Lastly, reduction

in disposing cost of the wastes.

2.6 Conclusion

As a summary for this chapter, the materials to be used in asphalt concrete

mixture need to be classified conform to the specifications, in order to proceed with the

design mix. The specification used in this study is accordance JKR standards.

The improvements achieved by incorporating wastes from industries, highly

dependent on physical and chemical properties of the wastes itself. For instance, the

shape of the particle, either spherical or angular, will eventually give different

characteristics, whereby a spherical shape will improve the workability, while for angular

shape particle, will have higher frictional resistance.
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CHAPTER III

METHODOLOGY

3.1 Introduction

Studies and research on applying industries' wastes and by-products had been

carried out. This is because the results of applying these wastes showed convincing

results in improving asphalt pavement performance and properties. Among the wastes

and by-products are, blast furnace slag, steel slag and crumb rubber. In this study,

Pulverized Fly Ash (PFA) is incorporated into asphalt pavement as filler.

This chapter discusses briefly on the procedures and experiments need to be

conducted in this study. All selected materials to be used in this study are required to

conform to the JKR specifications and standards. This is because if the materials used are

not accordance to the specifications, then the asphalt pavement is subjected to road

failure when is introduced to the public use [Dr. Ibrahim Kamaruddin].

Briefly, the first step in the study is to determine the optimum binder content of

conventional mixture (controlled unit) where the determined binder content will be used

to mix the controlled unit. The same procedures will be done by replacing Ordinary

Portland Cement (OPC) with Pulverized Fly Ash (PFA). Then the comparison of

performance for both mixtures will be conducted using Wheel Tracking Test and Beam

Fatigue Test. The objectives are to study the improvements by incorporating PFA as

filler in asphalt concrete mixture and to study the effects and behaviors of the bituminous

mix with the existence ofPFA rather than Ordinary Portland Cement.
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3.2 Preparation of Materials

3.2.1 Aggregates

The type of aggregate used in this research is granite obtained from the laboratory

stockpiles. Even though the aggregates have been graded during the production process

in quarry, sieve analysis still has to be conducted to get a better gradation of aggregates.

These are the procedures inpreparing the aggregates (13-):

• Aggregates are transferred from the stockpiles to the laboratory.

• Aggregates are washed to clean away the dusts and clays.

• Aggregates are incubated in the oven with temperature more than 100°C to

evaporate the moist trapped between the aggregates.

• Aggregates are then sieved with a series of sieve sizes according to Jabatan Kerja

Raya (JKR) specifications shown in Table 3.1.

• Aggregates are then to be weighed according to the amount needed for mix.

Sieve Size

28mm

Percentage Passing by weight (%)
__ _

20 mm 76-100

14 mm 64-89

10mm 56-80

5 mm

3.35 mm

46-71

__

1.18 mm

425 JJm

20-42

12-28

150 |Jm

75 \im

6-16

4 -8

Table 3.1:

Gradation limits for aggregates according to JKR standard for ACW 20 wearing course.
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Figure 3.2:
Fine aggregates
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Figure 3.1:
Coarse aggregates



3.2.2 Filler

Ordinary Portland Cement (OPC) will be used as filler for this project as the

controlled unit, whilst PFA shall be used for comparison of performance and

improvement, in terms of deformation and fatigue life. According to the JKR

specifications, notless than 70% byweight of filler shall pass the BS 75um sieve.

Figure 3.4: Pulverized Fly Ash (PFA)
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Figure 3.3:
Ordinary Portland Cement

(OPC)



3.2.3 Binder

Binder grade used for the project is bitumen with penetration 80/100. The

bitumen came indrum and directly can beapplied for preparing the samples.

3.3 Marshall Mix Test

3.3.1 Introduction

Marshall Mix test is a compression test where a cylindrical shape specimen with a

diameter of 100 mm and 63 mmheight was loaded radially at a constant rate of strain of

50.8 mm/min (13). The maximum load in kN that the specimen could withstand is the
stabilityvalue of the specimenand meanwhile the total amount of deformation in units of

mm that occurs up to the point the loads startdecreasing is recorded as flow value.

3.3.2 Equipments

a) Equipments used for sample preparation are: spatula, oven, pan, Marshall

Mould, gyratory compactor machine and electronic balance.

b) Equipments used to conduct the Marshall Test are electronic balance,

buoyancy balance, Vernier scale and Marshall Testing Machine.

3.3.3 Preparation of Asphalt Specimens

1. All materials are batched and kept in an oven at 150°C for 24 hours. The

mixer is also heated to the same level of temperature; therefore great care

should be exercised when handling hotmaterials and equipment.

2. The batched granular materials (plus filler) are mixed in the mixer and mixed

dryly for about 1minute, and then the appropriate amount of bitumen is added

to the aggregates. Mixing is continued until all particles are coated with

bitumen.
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3. The materials are compacted in the Marshall Mould (which is also kept at

150°C). After filling the mould with appropriate amount of materials,

materials are then evenly distributed in the mould by tamping the materials

(using steel rod) 15 times around the edges and 5 times in the centre. At this

stage, the sample is ready for compaction using the Gyratory Compactor

Machine, which is set to the following standardconditions:

Axial load 0.7 MPa

Angle of gyration 1°

Number of gyrations 150

4. When the specimens have cooled down to room temperature, they are

extruded from the moulds. The weight of each specimen in air and water and

its height are takenfor density calculation.

Figure 3.5: Gyratory Compactor
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Figure 3.6: Sample extruded from

gyratory compactor



Figure 3.8: PFA samples (15 samples)

Figure 3.7: Conventional

samples (15 samples)

3.3.4 Testing Asphalt Specimens

1) The specimens are heated in water bath with temperature of 60°C for 30

minutes.

2) The specimens are then placed in the Marshall testing rig. The breaking head

of Marshall testing apparatus is also conditioned to 60°C.
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3) The specimens are loaded radially at aconstant rate ofstrain of 50.8 mm/min.
The Marshall testing rig isset to stop when the stability exceeded 25 kN or the

flow exceeded 10 mm.

4) The stability and flow of each specimen is determined as the maximum load
thatthe specimen canwithstand.

5) The stability value obtained above is corrected by coefficient factor (refer
Table 3.2) inorder to take into account the dimensions ofthe sample.

Figure 3.9: Waterbath
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Marshall Testing Rig



Volume of Specimen S Approximate Thickness of [ Coefficient

(cm3) j
200-213

Specimen (cm) J Factor

5.562.54

214-225 2.70 5.00

226-237 2.86 4.55

238-250 3.02 4.17

251-264 3.18 3.85

265 - 276 3.34 3.57

277 - 289 3.49 3.33

290-301 3.65 3.03

302-316 3.81 2.78

317-328 3.97 2.50

329 - 340 4.13 2.27

341-353 4.29 2.08

354-367 4.45 1.92

368-379 4.60 1.79

380-392 4.76 1.67

393 - 405 4.92 1.56

[ 406 - 420 5.08 1.47

421-431 5.24 1.39

432-443 5.40 1.32

444-456 5.56 1.25

457-470 5.72 1.19

471-482 5.88 1.14

483 - 495 6.03 1.09

496 - 508 6.19 1.04

509 - 522 6.35 1.00

523-535 6.51 0.96

536-546 6.67 0.93

547-559 6.83 0.89

560-573 6.99 0.86

574-585 7.14 0.83

586-598 7.30 0.81

599-610 7.46 0.78

611-625 7.62 0.76

Table 3.2: Coefficient factor (CF) for adjusting stability values
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3.4 Wheel Tracking Test

3.4.1 Introduction

Wheel Tracking Test is used to determine the plastic deformation of asphalt based

road surface wearing courses under temperature (normally is 45°C) and pressures similar

to those experienced under road use.(14) Such test can be carried out during road

construction and also in laboratory. This test will prevent road surfaces being laid, which

rut in hot weatherand need to be re-laid. The performance of the material is assessed by

measure the resultant rut depth after a given number ofpasses.(15)

3.4.2 Equipments

• Wessex Dry Wheel Tracker

• Specimen slab mould

• Hand compactor

• Oven

• Grease

• Brush

• Asphalt concrete mixer

• Spatula

Figure 3.11: Wheel Tracking Test Equipment
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3.4.3 Procedures of sample preparation and testing

1. The materials mixing procedure is similar to the Marshall Mix test but the

current total mass is approximately 10 kg instead of 1.2 kg for Marshall

Mix. The optimum binder content determined earlier in Marshall Stability

Test will be used for preparation ofconventional mix and PFA sample.

2. Either brown paper square or grease will be applied onto the internal base

of the mould for the ease ofdismantling of the mould later.

3. The mixed material is evenly spread into the mould and tamped to ensure

an even distribution before compacting with the hand compactor.

4. The mixed materials (10kg) need to be compacted layer by layer in three

layers.

5. The mixed materials need to be spread until it is about 5mm above the top

of the mould if 30kg roller with 310mm face width is used for compaction.

Compaction will be carried out until the flat face level with the top of the

mould.

6. Sample is allowed to cool in room temperature before being removed from

the mould.

7. The slab needs to be cured in an oven of 45°C before it is readily to be

tested in the wheel tracking machine with same temperature.

8. The test will run for 1946 cycles with two passes, forth and back(16) in one

cycle for 45 minutes and the total rut depth is observed from the computer

connected to the wheel tracking machine.
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3.5 Beam Fatigue Test

3.5.1 Introduction

Road pavements are subjected to continuous cyclic deformations under the

influence of moving traffic during their lifetime. These deformations are of dynamic

character and cause pavement cracking and other types of damage. The processes of

asphalt concrete deterioration under the cyclic loadings are determined by the fatigue

properties of the material Deformation of the asphalt concrete in road pavements is of

combined character from compressive, tensile and bending caused by traffic and

temperature actions (17). Fatigue tests are carried out by applying a load to a specimen in

the form of control stress or control strain mode and determining the number of load

applications required to induce "failure" of the specimen (3). In control strain mode,
failure is defined at the point where the stiffness of the specimen decreases to 50% of the

initial stiffness (i7l

3.5.2 Equipments

• UTM Machine

• Beam Fatigue Test mould

• Asphalt concrete mixer

• Oven

• Grease

• Brush

Figure 3.12:

Beam Fatigue Test equipment
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3.5.3 Procedures of sample preparation and testing

1. The required beam sample size to be prepared is 63.5mm x 50mm x 400mm with

density of 2.23. The mass of mix materials to be prepared will be calculated based

on the size and the density..

2. The mix materials were then compacted in the mould by using the special

mould's lid designed for compaction purposes.

3. Beams were then cured in room temperature before tested with the beam fatigue

test equipment in UTM machine.

4. The test will be conducted in control sinusoidal strain mode of loading.

5. The test here will be tested in middle strain level which is about 400 to 500 micro

strain. Beam fatigue also can be tested using high strain level (600 to 800 micro

strain) and low strain level (200 to 300 micro strain).

3.6 Results Analysis

This is the final step of the project where all the test results obtained will be

gathered and analyzed. The analysis is based on the comparison of performance and

properties between conventional mix and rubber modified mix. All the findings will then

be discussed to understand the theory behind the behaviors of PFA modified mix

observed in this project.
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CHAPTER IV

Mix Design

4.1 Introduction

This chapter will discuss briefly on the results obtained from sieve analysis and

Marshall Mix test. The outcomes from sieve analysis will be the material proportions to

be used for sample preparation in Marshall Mix design. The determined material

proportions will be compared to JKR ACW 20 standard and will conform to this

standard. This is shown in aggregate gradation graphs plotted in Figure 4.1 and 4.2.

While sieve analysis determines the composition of material proportions, the

purpose of implementing Marshall Mix test is to determine the optimum binder content

(OBC) of the mixture, by taking into consideration Marshall Stability, Bulk Density and

Porosity. The OBC is determined through the plotted graphs of these three aspects, and

the value shall be the average value obtained from these 3 aspects. Lastly, the obtained

value will be used to determine the flow and shall be counter-checked with standard

specified by JKR, to determine the conformance of the mix before preparing samples for

performance tests.

4.2 Sieve Analysis

Initially, sieve analysis is conducted to determine the aggregate size gradation of

the available aggregates in stockpile. The gradation of coarse aggregates, fine aggregates

and Ordinary Portland Cement (OPC) and coarse aggregates, fine aggregates and

Pulverized Fly Ash (PFA) are then plotted in a semi-log graph (Refer to Table 4.1, Table

4.2, Table 4.3, Table 4.4).
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From the results obtained, the proportions of materials to be used are then

determined as been shown in Table 4.5 and Table 4.6, and are compared to the ACW 20

envelope, as been shown in Figure 4.1 and Figure 4.2. It is found that the percentage of

each material has fall within the envelope and the weight ofeach component iscalculated

based on the total weight of1200 grams. Eventually, the mass ofcoarse aggregates, fine
aggregates and filler to be used for Marshall Mix are 660 grams, 480 grams and 60 grams
respectively.

4.2.1 Sieve analysis results

Coarse aggregate

Weight = 6 kg

Weight after j

sieve |

1726 j

4077 i

2902 I

2736 j

1161

Sieve size

Weight

before sieve

Mass

retained

Percentage

retained Total passing

20 mm 1600 126 2.10 97.90

14 mm 1297

1253

1326

1126

2780

1649

1410

35

46.33

27.48

23.50

0.58

51.57

10 mm

5 mm

24.08

0.58

1.18 mm 0.00

receiver 793 793 0 0.00 0.00

Table 4.1: Sieve analysis for coarse aggregate
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Fine aggregate

Weight = lkg

Sieve size

5 mm

1.18 mm

600 |jm

300 |jm

150 |jm

75 |jm

Receiver

Weight

before sieve

513

436

390

358

336

327

246

Weight after

sieve

525

926

559

468

445

435

248

Mass

retained

12

490

169

110

109

108

2

Percentage

retained

1.2

49

16.9

11

10.9

10.8

0.2

Table 4.2: Sieve analysis for fine aggregate

Total passing

98.8

51

34.1

23.1

12.2

1.4

0

Ordinary Portland cement (OPC)

Weight =100g

| Weight | Weight after I
I Sieve size before sieve I sieve

Mass

retained

0

4

10

Percentage

retained

0

4

10

| Total passing

600 Mm 390 | 390 | 100
300 Mm 359 I 363

337 347

327 342

[ 96

j 150 pm | 86
75 Mm

| 63 Mm

receiver

15

40

31

15

40

I 71
327 | 367

246 277

|: 31

31 i o

Table 4.3: Sieve analysis for OPC
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Pulverized Fly Ash (PFA)

Weight = 100 g

Mass

retained

0

2

| Weight
Sieve size i before sieve

Weight after !

sieve |

| Percentage
i

! retained

I °
i

2

|
Total passing j

600 Mm | 390

300 Mm I 358

390 !
, i

360

343

100

98 |

150 Mm | 337 6 i 6 92 |

75 Mm j 327 341

347

304 !

14

20

14

| 20

78

63 Mm | 327 58 |

Receiver j 246 58 ! 58 0 !

Table 4.4: Sieve analysis for PFA

Proportions of material (Conventional)

i

Percent by weight Percentage

Sieve size Coarse

(55%)

100.00

Fine (40%) Filler (5%) Passing by

weight (%)

JKR std

28 mm _L 100 100 100 100

20 mm i 97.90 100 100 98.85 76 -100 j

I 14 mm ! 51.57 100 100 73.36 64-89 j

10 mm l 24.08 100

98.8

51

100

100

58.25

57.45

25.72

18.64

56-80 !
i

5 mm
i

t

23.50

0.58

0.00

46-71 1

1.18 mm 100 20-42

600 pm 34.1 100

300 pm 0.00 23.1 96 14.04 12-28

j 150Mm J.. 0.00

0.00

12.2

1.4

86 9.18

4.11

6-16

4-8| 75Mm 71

63 Mm 1 0.00 0 31 1.55
i- -.- — - *.."-... — .-...

— — -...». \

Table 4.5: Materials proportion for conventional mixture
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Proportions of material (PFA)

Percent by weigh

Fine (40%)

t Percentage

Passing by

j
Sieve size Coarse Filler (5%) JKR std

(55%) weight (%) |
•

28 mm
100.00 100 100 100.00

100

| 20 mm _97JI0___

51.57

100

100

J0Q

100

98.85 I

73.36 |

76-100

| 14 mm 64-89

10 mm
24.08 100 100 58.25

56-80

5 mm
23.50 98.8 100 57.45

46-71 I

1.18mm
058

0.00

0.00

51 100 25.72
20-42

600 pm
™™_J1J

23-1 J

100

98

18J4 j

14.14 I

!
300 pm 12-28

150pm
0.00 12.2 _ 9? 9.48

6-16 |

75pm
0.00 1.4 _ 78 4.67

4-8

63 Mm
0.00 0 I 58 2.90 i

Table 4.6: Material proportion for PFA mixture

Fromthe obtained Table 4.5 andTable 4.6, aggregate gradation graphs forboth

mixtures areplottedto determine the gradation of aggregate conformances as accordance

to JKR ACW 20 specification as beenshown in Figure4.1 and Figure 4.2.
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4.3 Marshall Mix Test

Based on the results obtained and calculation done for the Marshall Mix Test

(Table 4.8 and Table 4.9), the following graphs are plotted.

1. Marshall Stability vs bitumen content (Figure 4.3 and Figure 4.7)

2. Bulk Density vs bitumen content (Figure 4.4 and Figure 4.8)

3. Porosity vs bitumen content (Figure 4.5 and Figure 4.9)

4. Flow vs bitumen content (Figure 4.6 and Figure 4.10)

The optimum binder content (OBC) will be an average of bitumen contents that

yields the maximum stability, bulk density at 4.0% porosity(3). According to Figure 4.3,

Figure 4.4 and Figure 4.5, the OBC for conventional mixture is determined as shown:

Optimum Binder Content (conventional)

• Conventional mixture = (5.54 + 4.88 + 6.32)/3

= 5.58%

Meanwhile the OBC for PFA mixture is determined by taking the average value

obtained from Figure 4.7, Figure 4.8 and Figure 4.9.

Optimum Binder Content (PFA)

• PFA mixture = (4.85 + 5.65 + 5.85)/3

= 5.45 %
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Marshall Stability vs Bitumen Content
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Voids vs Bitumen Content
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5.1 Introduction

Chapter V

Performances Tests

Thischapter will focus on the performances tests implemented, which are Wheel

Tracking Test and Beam Fatigue Test, to determine permanent deformation and fatigue

life of the mixtures respectively. The obtained results for both tests are analyzed and the

improvements achieved are determined by comparison between PFA and conventional

mixture.

5.2 Wheel Tracking Test

5.2.1 Calculation for sample mixing

Three samples for each asphalt concrete mixture (conventional and PFA) slabs are

mixed and undergone Wheel Tracking Test, to determine the improvement inrutting or

deformation. Table 5.1 and Table 5.2 showed the calculation to determine the required

mass or amount of coarse aggregated, fine aggregated, filler and binder content required

for each proportion for conventional and PFA mixture respectively:

Material Percentage (%) Percentage (%) Mass (g)
Coarse aggregate 55 49.42 4942

Fine aggregate 40 40 4000

Filler (OPC) 5 5 500

Binder content - 5.58 558

Total mass - 100 10000

Table 5.1: Conventional mix for wheel tracking test slab

Material Percentage (%) Percentage (%) Mass (g)
Coarse aggregate 55 49.55 4945

Fine aggregate 40 40 4000

Filler (OPC) 5 5 500

Binder content - 5.45 545

Total mass - 100 10000

Table 5.2: PFA mix for wheel trackingtest slab
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5.2.2 Results from Wheel Tracking Test (Conventional Mixture)
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5.2.3 Results from Wheel Tracking Test (PFA Mixture)
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5.2.4 Results discussion (Wheel Tracking Test)

Tables 5.3 and 5.4 summarized the obtained results from Wheel Tracking Test,

for both conventional and PFA mixtures, as been shown from Figure 5.1 to Figure 5.8.

Sample Initial rut depth Final rut depth Duration

45 mins

45 mins

45 mins

45 mins

\ Slope/gradient

1 0.00

0.00

0.00

0.00

15.86 0.3524

0.28332 12.75

13.22

13.94

3

Average

0.2938

0.3098 1

Table 5.3: Wheel tracking results of conventional mixture

Sample Initial rut depth

aoo

1Final rut depth

f Tolo

Duration i Slope/gradient

1 45 mins i 0.2289
i

2 0.00

"" 0.00

aoo

| 9.18

j _

45 mins

45 mins

45 mins

1 0.2040

~[ 0.2271

Average i 0.2200
i

Table 5.4: Wheel tracking results of PFA mixture

Based on both tables, it can be noticed that the rutting or deformation had been

greatly improved upon applying PFA into the mixture instead of OPC. As been shown,

the rut depth after 45 minutes (approximately 2000 cycles) of test, under the same

condition, the final rut depth for conventional sample 1,2 and 3 are 15.86 mm, 12.75 mm

and 13.22 mm respectively, giving the average rut depth for all 3 samples as 13.94 mm.

Meanwhile for PFA mixture, rut depth of 10.30 mm, 9.18 mm and 10.22 mm are

obtained for sample 1,2 and 3 respectively with an average of 9.90 mm. These obtained

results will be further discussed in the later chapter.
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5.3 Beam Fatigue Test

5.3.1 Results from Beam Fatigue Test

Figures 5.9 and 5.10 below showed theresults obtained from conventional and

PFA mixtures respectively in beam fatigue test.

1>300tM
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Figure 5.9: Flexural stiffness vs Cycles for conventional mixture
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Figure 5.10: Flexural stiffness vs Cycles for PFA mixture
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5.3.2 Results Discussion (Beam Fatigue Test)

This obtained results show the flexural stiffness comparison between

conventional and PFA mixture. Only 2 significant results outof 6 samples, one for each

mixture are obtained inthis test, due to instability of the samples during sample testing,

causing the samples to failbefore obtaining anysignificant results.

Both mixtures exhibit the same deterioration trend, whereby both samples

deteriorate exponentially. From Figure 5.9 (conventional mixture), therecorded initial

flexural stiffness is 13000 MPa, and the test stopped after approximately 5700 cycles,

with therecorded final flexural stiffiiess recorded at approximately 7000 Mpa.

Meanwhile from Figure 5.10 (PFA mixture), the recordedinitial flexural stiffiiess

is 22000 MPa and the test stopped after approximately 6100 cycles, with therecorded

final flexural stiffiiess of approximately 10000 MPa. In comparison, although the PFA

mixture has higher flexural stiffiiess as compared to conventional mixture however the

fatigue life is slightly lower. This analysis and the discussion will be discussed

extensively in the next chapter.
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Chapter VI

Results Analysis and Discussions

6.1 Introduction

This chapter will discuss extensively based on the results obtained from

performance tests conducted (as been shown in Chapter 5). The performances tests

involved are Wheel Tracking Test and Beam Fatigue Test. The discussions will

include all the technical terms and highway engineering aspects, in order to have a

proper explanation for the results obtained.

6.2 Marshall Mix and Determination of Optimum Binder Content

In a study, it is desired to have samples and specimens which can undergo tests as

closed as possible to the real condition in the actual location. In highway construction

industry, different proportions of materials (coarse aggregates, fine aggregates and filler)

to be used in a mixture will eventually have different engineering properties, such as

specific gravity, bulk density and porosity. All these properties contribute towards the

mixture stability and strength.

It is hard to deny the fact that the packing (gradation) properties ofaggregates will

significantly influence the mixture engineering properties, however, the amount of binder

content required is essentially important, to provide better stability and strength to the

mixture. This is because if adequate amount ofbinder content is used, the mixture will

have low stability, since the mixture can not hold itselfproperly, while if too much binder

is applied, the mixture will become too soft and is not suitable to be used in reality. For

this reason, Marshall Mix is an essential procedure in highway industry to determine the

optimum binder content to be used in the mixture.
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From theresults obtained through Marshall Mix, the optimum binder content for

conventional mixture and PFA mixture is 5.58% and 5.45% respectively, in correlation

with 55% coarse aggregates, 40% fine aggregates and 5% filler. The obtainedvalue had

takenporosity, bulk density, Marshall Stability and flow into considerations.

6.3 Wheel Tracking Test

Based on Figure 6.1, the resistance of asphalt concrete mixture against permanent

deformation orrutting had been greatly improved, whereas the rutdepth for PFA is

recorded as9.90 mm, compared to 13.94 mm for conventional mixture, after being

subjected to 45 minutes ofcontinuous cyclic loading (approximately 2000 cycles). From

the results, the difference between both mixtures isapproximately 4.04 mm upon taking

the average value of 3 samples for each mixture, under same applied load and duration of

test. The total reduction in rut depth forPFA mixture is approximately about 29% as

compared to rut depth recorded for conventional mixture.

As canbe observed from Figure 6.1, the rate of rutting for bothPFA and

conventional mixtures are linear, with a slopeor gradient less than 1 as been showedin

Table 5.3 and Table 5.4. This is likely because as themixtures being subjected to further

compaction, the smaller particles size component, such as fine aggregates and filler will

eventually filled in the voids/pore spaces between the coarse aggregates. Hence, the

mixture will become more compact, and the rut depth isdecreased as time passed.

This improvement is likelyto be due to reduction of porosity by usingPFA as

compared to OPC. This is shown in Figure 4.5 andFigure 4.9, whereby thePFAmixture

has lower porosity orvoids as compared to conventional mixture. This phenomenon is

likely because of thePFAparticle sizedistribution, finer thanOPC. Therefore, the

smaller particles will eventually fill in the voids inbetween the coarse aggregates and

fine aggregates, producing a well graded asphalt concrete mixture.
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As a resultof lowerporosity, when is subjected to compaction from applied loads,

the recorded deformation or rutting will be lower. In spiteof this, application of PFAwill

improve the asphalt concrete mixture workability, andthus will enhance the compaction

effort while the mixture is still hot phase. From Figure 4.3 and Figure 4.7, Marshall

Stability for PFA mixture is relativelyhigher as compared to conventional mixture. This

indicates that, PFA mixturehas higher strengththan the conventional mixture. As a

result, the permanent deformation/rutting effect for PFA mixture will be smaller

compared to conventional mixture under same applied load.

Lastly, from Figure 4.6 and Figure4.10, the PFAmixture has relatively lower

flow properties as compared to conventional mixture, and therefore, giving higher

stabilityto the mixture. A higher flow value has lower stability, because the mixturewill

tend and subjectto fail under certain applied load. This is becausea higher flow value

indicates that the bondingpropertiesamongthe components, which are coarse

aggregates, fine aggregates and fillers in the mixture are relativelypoor and thus these

components are keen to slide pass each other (soft properties) when is subjectedto

applied load.
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Figure 6.3:
Wheel Tracking Test
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Tracking and Beam
Fatigue Test



6.4 Beam Fatigue Test

Fatigue lifeof asphalt concrete mixture referred to the number of cycles that the

pavement can sustain before its flexural stiffness is reduced to half from its initial flexural

stiffness under continuous cyclic loading. This phenomenon is illustratedand as shown

below in Figure 6.4.

o", stress

Fatigue life

Figure 6.4: Fatigue life

Number of cycles

From Figure 5.9, the conventional mixture has initial flexural stiffness of

approximately 13,000 MPa, hence this mixturewill reach its fatigue life resistance when

theinitial flexural stiffness is reduced byhalf, 6,500 MPa at approximately 4,800 cycles.

Comparatively, forPFAmixture with an initial flexural stiffness of 22,000 MPa, its

fatigue life resistance will be located when its initial flexural stiffness is reduced to

11,000MPa, at approximately 4,500 cycles, as been shownin Figure 5.10.

From this analysis of the results, it can be concluded that the PFA mixture does

not show any significant improvement in fatigue life, as fatigue life for both mixturesare

approximately the same, in therange in between 4,500 to 5,000 cycles.
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Comparatively, although PFA mixture does not improve fatigue life significantly

than conventional mixture, however, PFA mixture developed higher flexural stiffness

than conventional mixture. A higher flexural stiffiiess indicates that mixture is capable to

sustain or withstand higher applied loads. This difference of flexural stiffness is likely to

be due to PFA particle size properties, whereby most of PFA particles can pass through

No.200 sieve (0.075 mm). Due to these fine particles, the reduction of porosity is greatly

improved, (as been shown in Figure 4.5 and Figure 4.9) as the PFA fine particles will

fill in the voids giving a higher and more superior compacted asphalt pavement.

Secondly, the reduction ofporosity by incorporating PFA into the mixtures had

eventually improved the mixture Marshall Stability, and is shown in Figure 4.3 and

Figure 4.7. This indicates that the PFA mixture will have higher strength as compared to

conventional mixture using OPC as filler.

Lastly, this is likely to be due to PFA spherical shape natures, in which has

improved the workability of the mixture. An improved workability mixture will reduce

the efforts of compaction during sample preparation (ease ofcompaction), and yet the

outcomes (samples) are well compacted. A proper and well compacted mixture will be

relatively stronger and smaller flow properties. This is shown in Figure 4.6 and Figure

4.10, whereby PFA mixture has smaller flow properties compared to conventional

mixture.
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Figure 6.6: Tested Beam Fatigue
Specimens

Figure 6.5: Beam
Fatigue Test

6.5 Conclusion

Asa summary for this chapter, PFA mixture has outperformed conventional

mixture concerning permanent deformation orrutting properties based onWheel
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Tracking Test implemented. Although PFA mixture does not reveal any significant

improvement in fatigue life compared to conventional mixture, however this property is

totally covered or overcome by the difference of flexural stiffness developed by both

mixtures. PFA mixture has totally outclassed conventional mixture in this aspect,

whereby PFA had much higher flexural stiffiiess compared to conventional mixture.

Chemical reactions in asphalt concrete mixture are totally negligible since there is

no presence of water in the mixture. Therefore, the improvements are totally dependent

on PFA physical properties instead ofchemical properties. The spherical shape of PFA in

nature is the ultimate reason behind the improvements achieved compared to Ordinary

Portland cement. The spherical shape had improved the workability; reduce the porosity

and hence giving higher Marshall Stability and lower flow property for asphalt concrete

mixture. Figure 6.7 shows the microscopic photographs of fly ash and Portland cement,

and as can be seen, PFA particle has relatively spherical shape while, Portland cement

particle has irregular shape.

• ^

-A-jnil,**#<*'••

S*
fjl__

iliJJ:l.«

*£:> "*»•

Figure 6.7: Microscopic photographs of fly ash (left) and Portland cement (right)
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Chapter VII

Recommendations and Conclusion

7.1 Conclusions

All the detailed discussions and conclusions based on the results obtained from

laboratory investigation implemented in this study were presented in chapter 4, 5 and 6.

Thus, this chapter will outline the general conclusions and findings concerning

"Application ofPFA in asphalt concrete mixture".

a) Application ofPFA in asphalt concrete mixture will reduce porosity (voids) in

the mixture.

b) Reduction ofporosity will eventually give higher value ofMarshall Stability and

lower flow properties.

c) Application of PFAhas improved asphalt concrete mixture permanent

deformation or rutting property dueto the improvement in workability as well as

compaction effort.

d) Fatigue life property ofPFA mixture does not any show significant improvement.

e) Higher flexural stiffness is developed by incorporating PFA in asphalt concrete

mixture as filler.
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7.2 Recommendations for further studies

This study investigates orresearches on improvements achieved by incorporating

PFA into asphalt concrete mixture. Among the concern properties are:

• Permanent deformation or rutting

• Fatigue life

• Flexural stiffiiess.

Thus, in order to gain better assessment ofthe performance ofPFA in asphalt

concrete mixture, it is encouraged to consider following recommendations for future

works.

• In this study, the content of PFAapplied is fixed. In orderto see the actual

performance achieved, it isrecommended to further this study byvarying the

content ofPFA. According to Al. Sayed(22), initial compaction and subsequent
densification ofasphalt paving mixtures are strongly dependent on the type and

concentration ofmineral filler.

• Further study can befocused onother performances tests, such as, cracking,

water susceptibility, durabilityand creep tests.

• Lastly, study onperformance byincorporating other industries wastes orby

products such assteel slag ash, blast furnace slag and municipal waste

combustion ash, and compared theperformance withPFA, rather thanjust

comparison with conventional asphalt concrete mixture.

-65-



References

1. Babcock and Wilcox Company. Steam. Its generation and Use. New York, NY

1978.

2. DiGioia, Anthony M., Jr. and William L. Nuzzo. "Fly Ash as Structural Fill,"

Proceedings of the American Society ofCivil Engineers, Journal ofthePower

Division, New York, NY, June 1972.

3. Jabatan Kerja Raya (JKR) manual.

4. Federal Highway Administration and American Coal Ash Association. Fly Ash

Factsfor Highway Engineers. Report No. FHWA-SA-94-081, Washington, DC,

December, 1995.

5. CIRCA%20tech%20sheet%204.pdf

6. ASTM C618-92a. "Standard Specification for Fly Ash and Raw or Calcined

Natural Pozzolan for Use as Mineral Admixture in Portland Cement Concrete,"

American Society for Testing and Materials, AnnualBook ofASTM Standards,

Volume 04.02, West Conshohocken, Pennsylvania, 1994.

7. http://vvfww.tfhrc.gov/hnr20/recvcle/waste/cfa51 .htm

8. ASTM C204. "Test Method for Fineness of Portland Cement by Air Permeability

Apparatus," American Society for Testing and Materials, AnnualBook ofASTM

Standards, Volume 04.02, West Conshohocken, Pennsylvania, 1994.

9. Meyers, James F., Raman Pichumani and Bernadette S. Kapples. Fly Ash. A

Highway Construction Material. Federal Highway Administration, Report Mo.

FHWA-IP-76-16, Washington, DC, 1976.

-66-



10. McKerall, W.C., W.B. Ledbetter, and D.J. Teague. Analysis ofFly Ashes

Produced in Texas. Texas Transportation Institute, Research Report No. 240-1,

Texas A&M University, College Station, Texas, 1982.

11. http://www.tfhrc.gov/hnr20/recycle/waste/ssa2.htm

12. http://www.tflirc.gov/hnr20/recvcle/waste/bfs2.htm

13. University Technology of PETRONAS (UTP) laboratory manual.

14. Khosla, N. Paul, and James H. Trogdon III. Use of Ground Rubber in Asphaltic

Paving Mixtures: Dept ofCivil Eng. -NCSU, 28 December 1989. RPP 0036.

3000.

15. Brown Stephen 1990, The Shell Bitumen Handbook, Shell Bitumen UK.

16. http://ntl.bts.gov/DOCS/wheel_track.html

17. Di Benedetto & Francken 1997, Mechanical Tests for Bitumious Materials,

RILEM

18. Mohammed H. Al Sayed (B.SC.Civil), "The Effect of Mineral Fillers on the

Performance of Hot Rolled Asphalt Mixes", Department of Civil Engineering,

The University of Leeds, January 1998.

-67-



C-Arpcs {-ifx-.-

Appendices

Mvtric ium,

Mctmd

1.4 -.

J. if.

4«lk4f£s j,*m'4

SMA m f,«H

f 'errant ami !**vrIhgtmav ^

PiOca*c»t

i-:-*a,".H/"r f

Haw

-U'.'tc-.i'r

•^gt^, tvt y*ir

?w«

i atfrM

t iVMU

,! t it- yJtif>iM\; S'ltfiJ i*4 *tf! tVed*^!* !JS**I &"» 4.1. %u

wbsn

SCKStf,

?4 Afi-viKfi!«irf- i'jsaftfssrfs-h IV^ii.

t'sptn-itw t'sf

-68-



*MiC

fttcbmt

Stei|te W«w

Vt'Mr

&«*«%

WaMeftoHc

91

m
7-"*

u

7$

m4

t*Wfclnt

uw. tiwisil wj, Ac-Csspw^f As^aEpstel iw

iwftewtw auto my
mmt4h n«te

71 • Vapti^W &jrt*jmtfti Mdx^iotl *«ap**ii»t V*t&n

falW ffe'lOTWiK IMlSB

«|K

vadium • *4MfftBttlg «#««?*»

6$ fertrnmieli fetasw t,i«fel
atewpwf wkI,

wall

w MPzpmitm kr«m*ro!

Table A-1: Use of other industries wastes and by-products

-69-



Time Temp Depth
0 44.76 0.00

1 44.09 2.37

2 44.15 3.55

3 44.96 4.14

4 45.80 4.61

5 46.66 5.10

6 47.50 5.51

7 48.34 5.81

8 49.18 6.19

9 49.46 6.52

10 49.05 6.75

11 48.70 7.11

12 48.31 7.36

13 47.99 7.64

14 47.65 7.96

15 47.16 8.21

16 46.88 8.44

17 46.46 8.67

18 46.15 8.90

19 45.82 9.24

20 45.67 9.44

21 45.39 9.63

22 45.08 9.92

23 44.99 10.21

24 44.96 10.57

25 45.30 10.77

26 46.15 10.91

27 46.99 11.16

28 47.83 11.38

29 48.62 11.66

30 48.71 11.87

31 48.56 12.11

32 48.41 12.33

33 48.22 12.58

34 48.00 12.79

35 47.83 13.05

36 47.47 13.31

37 47.21 13.52

38 47.08 13.74

39 46.87 13.97

40 46.69 14.21

41 46.41 14.37

42 46.31 14.59

43 45.96 14.82

44 45.79 15.25

45 45.35 15.62

46 45.23 15.86

Table A-2: Result for Sample 1

(conventional)
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Time Temp Depth
0 42.08 0.00

1 41.78 1.25

2 41.66 1.88

3 41.57 2.38

4 41.34 2.71

5 41.20 3.11

6 41.08 3.57

7 41.05 3.80

8 40.97 4.13

9 40.93 4.44

10 40.86 4.65

11 40.79 4.93

12 40.75 5.14

13 40.72 5.37

14 40.71 5.67

15 40.64 5.83

16 40.46 6.04

17 40.44 6.22

18 40.41 6.39

19 40.24 6.73

20 40.13 6.91

21 40.07 7.11

22 40.03 7.33

23 40.03 7.60

24 39.99 7.93

25 40.00 8.16

26 39.99 8.29

27 39.94 8.49

28 39.92 8.69

29 39.85 8.94

30 39.78 9.12

31 39.77 9.32

32 39.73 9.54

33 39.75 9.77

34 39.79 10.01

35 39.83 10.25

36 39.87 10.44

37 39.84 10.72

38 39.82 10.91

39 39.78 11.23

40 39.73 11.51

41 39.78 11.62

42 40.36 11.81

43 41.15 12.05

44 41.93 12.34

45 42.25 12.54

46 42.35 12.75

Table A-3: Result for Sample 2

(conventional)



Time Temp Depth
0 46.09 0.00

1 45.83 0.30

2 44.99 0.72

3 44.14 1.43

4 43.36 2.10

5 42.56 2.79

6 42.08 3.31

7 41.63 3.69

8 41.21 4.06

9 41.03 4.45

10 41.02 4.71

11 41.60 5.04

12 42.44 5.27

13 43.30 5.52

14 44.14 5.85

15 44.98 6.07

16 45.84 6.28

17 46.68 6.50

18 47.45 6.75

19 47.34 7.15

20 47.01 7.40

21 46.63 7.59

22 46.33 7.83

23 45.98 8.12

24 45.74 8.44

25 45.43 8.54

26 45.19 8.72

27 44.91 8.98

28 44.71 9.19

29 44.60 9.41

30 44.35 9.62

31 44.28 9.90

32 44.20 10:09

33 44.20 10.27

34 44.65 10.52

35 45.50 10.74

36 46.34 11.03

37 47.18 11.22

38 47.23 11.46

39 47.24 11.62

40 47.20 11.87

41 47.12 12.06

42 46.86 12.26

43 46.82 12.50

44 46.62 12.79

45 46.58 13.03

46 46.26 13.22

Table A-4: Result for Sample 3

(conventional)
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Time Temp Depth
0 44.31 0.00

1 43.90 1.31

2 43.60 2.05

3 43.56 2.65

4 43.50 3.14

5 43.47 3.67

6 43.55 4.13

7 43.67 4.43

8 43.79 4.79

9 43.81 5.14

10 43.64 5.37

11 43.70 5.69

12 43.83 5.92

13 44.00 6.18

14 44.17 6.49

15 44.26 6.70

16 44.39 6.92

17 44.53 7.13

18 44.67 7.35

19 44.47 7.71

20 44.27 7.92

21 44.03 8.11

22 43.81 8.36

23 43.67 8.64

24 43.56 8.98

25 43.58 9.16

26 43.78 9.31

27 43.95 9.54

28 44.15 9.75

29 44.36 10.00

30 44.28 10.20

31 44.20 10.44

32 44.11 10.65

33 44.06 10.87

34 44.15 11.11

35 44.39 11.35

36 44.56 11.59

37 44.74 11.82

38 44.71 12.04

39 44.63 12.27

40 44.54 12.53

41 44.44 12.68

42 44.51 12.89

43 44.64 13.12

44 44.78 13.46

45 44.73 13.73

46 44.61 13.94

Table A-5: Average result

(conventional)



Time Temp Depth
0 40.09 0.00

1 39.71 1.10

2 38.99 1.51

3 38.41 1.79

4 38.53 2.06

5 38.40 2.31

6 38.69 2.47

7 39.10 2.63

8 39.58 2.83

9 40.15 3.02

10 40.76 3.34

11 41.28 3.49

12 41.90 3.64

13 42.65 3.90

14 43.35 4.10

15 43.95 4.31

16 44.51 4.51

17 45.29 4.73

18 45.89 4.91

19 46.53 5.04

20 46.99 5.21

21 47.59 5.45

22 47.55 5.61

23 47.21 5.81

24 47.25 6.08

25 46.89 6.27

26 46.83 6.48

27 46.99 6.76

28 47.11 6.92

29 47.45 7.08

30 48.01 7.29

31 48.53 7.47

32 48.95 7.66

33 49.15 7.85

34 49.51 8.09

35 49.29 8.26

36 48.89 8.45

37 48.49 8.74

38 48.35 8.94

39 48.11 9.07

40 47.96 9.24

41 47.74 9.38

42 47.64 9.63

43 47.12 9.79

44 46.54 9.94

45 46.62 10.12

46 46.38 10.30

Table A-6: Result for Sample 1
(PFA)
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Time Temp Depth
0 44.54 0.00

1 44.28 0.29

2 44.18 0.45

3 44.05 0.57

4 43.99 0.73

5 43.94 1.00

6 44.00 1.21

7 44.63 1.43

8 45.49 1.65

9 46.31 1.88

10 47.15 2.07

11 48.01 2.29

12 48.85 2.46

13 48.95 2.64

14 48.73 2.84

15 48.49 3.02

16 48.26 3.20

17 48.01 3.35

18 47.56 3.52

19 47.31 3.83

20 47.02 4.00

21 46.69 4.16

22 46.47 4.43

23 46.20 4.66

24 45.97 4.96

25 45.74 5.12

26 45.44 5.26

27 45.33 5.50

28 45.19 5.68

29 44.93 5.92

30 44.73 6.09

31 44.62 6.30

32 44.53 6.46

33 44.34 6.66

34 44.27 6.87

35 44.35 7.11

36 45.01 7.33

37 45.85 7.51

38 46.71 7.69

39 47.55 7.92

40 48.39 8.15

41 48.67 8.30

42 48.58 8.44

43 48.42 8.61

44 48.25 8.83

45 47.89 8.99

46 47.14 9.18

Table A-7: Result for Sample 2
(PFA)



Time Temp Depth
0 45.61 0.00

1 45.64 1.07

2 46.44 1.44

3 46.34 1.55

4 46.89 1.85

5 47.25 2.11

6 47.16 2.28

7 47.17 2.52

8 46.88 2.71

9 46.18 2.84

10 45.20 3.12

11 45.28 3.28

12 45.23 3.61

13 46.24 3.77

14 46.17 3.98

15 45.68 4.12

16 44.89 4.38

17 44.14 4.60

18 44.56 4.74

19 45.25 4.91

20 46.27 5.15

21 46.58 5.34

22 47.26 5.56

23 47.69 5.72

24 47.99 5.97

25 48.21 6.20

26 47.56 6.38

27 47.19 6.57

28 46.58 6.76

29 46.19 6.88

30 45.36 7.06

31 45.12 7.31

32 44.52 7.55

33 44.10 7.66

34 43.59 7.86

35 43.23 8.08

36 43.17 8.32

37 42.58 8.56

38 42.05 8.67

39 41.89 8.85

40 42.02 9.11

41 42.56 9.29

42 43.13 9.53

43 43.96 9.68

44 44.23 9.82

45 45.69 10.06

46 46.03 10.22

Table A-8: Result for Sample 3
(PFA)
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Time Temp Depth
0 43.41 0.00

1 43.21 0.82

2 43.20 1.13

3 42.93 1.30

4 43.14 1.55

5 43.20 1.81

6 43.28 1.99

7 43.63 2.19

8 43.98 2.40

9 44.21 2.58

10 44.37 2.84

11 44.86 3.02

12 45.33 3.24

13 45.95 3.44

14 46.08 3.64

15 46.04 3.82

16 45.89 4.03

17 45.81 4.23

18 46.00 4.39

19 46.36 4.59

20 46.76 4.79

21 46.95 4.98

22 47.09 5.20

23 47.03 5.40

24 47.07 5.67

25 46.95 5.86

26 46.61 6.04

27 46.50 6.28

28 46.29 6.45

29 46.19 6.63

30 46.03 6.81

31 46.09 7.03

32 46.00 7.22

33 45.86 7.39

34 45.79 7.61

35 45.62 7.82

36 45.69 8.03

37 45.64 8.27

38 45.70 8.43

39 45.85 8.61

40 46.12 8.83

41 46.32 8.99

42 46.45 9.20

43 46.50 9.36

44 46.34 9.53

45 46.73 9.72

46 46.52 9.90

Table A-9: Average result
(PFA)



Sample Calculations

1) SG of Conventional mixture

100

(% of CA / SGca ) + (% of Sand / SGSand) + (% of Filler / SGFiiier)

100

( 55% / 2.7 ) + ( 40% / 2.38 ) + ( 5% / 3.16 )

2.58

2) SG of Conventional mixture

100

(% of CA / SGca ) + (% of Sand / SGSand) + (% ofFiller / SGFiiier)

100

( 55% / 2.7 ) + ( 40% / 2.38 ) + ( 5% / 2.20 )

2.53

SG for coarse aggregates = 2.70

SG for fine aggregates = 2.38

SG for filler (OPC) =3.16

SG for filler (PFA) =2.20
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