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Mineral filler in hot mix asphalt is an importargraponent of the mixture as tdesign
and performance of hot mix asphalt (HMA) concrstgrieatly influenced by the natt
and amount of the mineral filler in the mix, exceggntity of filler tends to increa:
stability, brittleness, and proclivity to crackinBeficiency of filler ends to increase
void content, lower stability, and soften the mbae filler content is particularl
important as it has a major impact on technicapprties and, hence on potential «
use. The gradation, shape, and texture of the alifider signfficantly influence the

characteristics of mineral filler. performance of hot mix asphalt in terms of permamsformation, fatigue crackin
and moisture susceptibility. Better understandirfigthe effects of fillers on th
properties of mastics and HMA mixtures is crucial good mix degn and high
performance of HMA mixtures. This paper present®erview of mineral fillers use
in pavement mixtures their benefits and the latooyatests used to characterize min:
fillers, the effects of mineral fillers on some pesties of asphé mastics and HMA
mixtures and introduce some new perspectives orenalirfillers and their role i
determining the performance of HMA are presentedi@with a summary of select
work reported in the literature.

INTRODUCTION

The importance of mineral fillers in the bituminomsxtures have been over looked where their effest
considered to be only filling the voids in the nuiset and fulfilling the gradation criteria (Anderset al., 1992).
However, recent researches desteate that they are more than just filling thedgoin the aggregate particle
Mineral fillers serve a dual purpose when addedsjohalt mixes. The portion of the mineral filleatls finer
than the thickness of the asphalt film and the alsgiemet binder form a mortar or mastic that contribute
improved stiffening of the mix. The particles larghan the thickness of the asphalt film behavenaseral
aggregate and hence contribute to the contactgpbeativeen individual aggregate particThe particles larger
than the thickness of the asphalt film behave aseral aggregate and hence contribute to the coptants
between individual aggregate partic

The purpose of this article therefore, is to revieavious research studies thalaracterize the mineral
fillers, the rheological and the viscoelastic bebawf asphalt binders, mastics (asphalt bindeis phineral
filler) and asphalt concrete mixtures. It will caint aspects about how important are the asphalebsrfor the
mixtures, how mineral fillers affect the overall behavbmastics and mixtur

Definition of Mineral Filler:

The two constituent parts that make up hot mix akRiIMA) are asphalt cement and mineral aggregal
further breakdown of the mineral aggregproduces three categories: coarse aggregate, figegate an
mineral filler. Coarse aggregate is defined asfithetion of aggregate retained on the 4.75 mm sf#8esieve]
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and higher. Fine aggregate is then classified asthterial passing the 2.36 mm sieve and retained.@®75
mm sieve.

The term mineral filler is typically referred tbet mineral fine particle with physical size passihg 200-
mesh sieve (smaller than 75 micron). Mineral filexre by-products of various stone crushing proesgju
manifesting the feasibility of including them iretldesign of hot mix asphalt (HMA). Mineral fillecensist of
finely divided mineral matter such as rock dusigdlust, hydrated lime, hydraulic cement, fly ashrble dust,
dolomite, lime stone, Portland cement, coal dusiyage sludge dust, waste (tire) rubber and plagtaycled
crushed glass (cullet), roofing shingles, millitagl fiber. There is no universal definition, howeeyfor mineral
filler. In general terms, fillers are typically Bnpowders with a particle size distribution in ta@ge of 1-100
micron @m).

Filler is defined in ASTM D 242, “Standard Spec#tions for Mineral Filler for Bituminous Paving
Mixtures,” as consisting of finely divided minemaktters such as rock dust, slag dust, hydrated liydraulic
cement, fly ash, loess, or other suitable mineraten’. The specification further requires that J&@cent shall
be finer than 600um, 95-100 percent shall be finen 300um, and 70 —100 percent shall be finer Tiaqm.

Tunnicliff, (1962) tried to define mineral filleia terms of what is filled, what does the fillingnd why the
filling is done. He provided definition to mineréiller as “Filler is that portion of the mineral ggegate
generally passing the 200 sieve and occupying spaites between the coarser aggregate particlesién o
reduce the size of these voids and increase thsitdeand stability of the mass.” In this definitidhe filler
reduces the voids as well as increases the syalifil is composed of material passing the #200esiev
Tunnicliff concluded that only the part smallertha5pum or maybe 50um can be considered as filleoti#er
definition given is: “Filler is the mineral matekitat is in colloidal suspension in the asphaiheat and results
in cement with a stiffer consistency.” The filler this definition is in the asphalt mastic andfsti the asphalt
as well.

Another definition was proposed by Tunnicliff, @9 he proposed that filler is the portion of aggte
that passes the #200 sieve, will perform satisfdgtm the presence of moisture, and has, throexgberience,
been deemed to produce successful pavements. dterefineral filler must not contribute to the ntare
damage of the asphalt pavement.

Puzinauskas, (1968) provided mineral filler defon as follows: “Mineral fillers play a dual rola paving
mixtures. First, they are a part of the mineralraggte-they fill the interstices and provide cohtpaints
between larger aggregate particles and therebggitren the mixture. Second, when mixed with thehakp
mineral fillers form a high-consistency binder acatnix which cements larger aggregate particlesttege’ This
definition combines the two points that Tunniclékpressed separately. It describes the dual nafutbe
mineral filler in asphalt concrete.

Wypych, (1999) stated that:filler can be defined“solid material capable of changing the physaadi
chemical properties of materials by surface intioac or its lack thereof and by its own physical
characteristics”. This definition implies the eriste of two ways in which fillers modify a systeirstly, the
ways in which the filler's shape, particle size gaiticle size distribution affect the system thgbdilling of
the liquid with solid particles. Secondly, the wiaywhich interactions between the solid and ligplthses of
the mixture affects the material. The second imtévas can vary from strong chemical bonds or plalsi
interactions leading to strongly reinforced matsyito almost no interaction at all.

Types of Mineral Fillers:

The filler raw materials mostly are quarry produahd subjected to post conditioning and processing
can be divided into four categories.

The first category is fillers extracted from nauminerals (Andesite, Basalt, Caliche, DolomiteaiGte,
and Limestone) by mechanical sieving after quagration. These materials are usually referred @an@
Dust (QD), Washed Mining Sand (WMS), River Sand)(R®d Limestone (calcium carbonate) Powder (LSP).
These materials consist of mixed fine aggregatg@s(@m to 75um) and fine particle (less than 75una) ae
the most common used fillers in HMA.

Second category of fillers is the post-conditignfillers or manufactured fillers (Hydrated LimdyFAsh,
and Slag). This category refers to Hydrated LimevdRey (HLP) and Carbon Black (CB). The use of these
materials is specifically for anti stripping purpos

The third category refers to fillers with combioat of chemicals and natural minerals which undesgo
special processing before it is ready for use siscBrdinary Portland Cement (OPC). It also repattiat other
fines derived from industrial wastes (power statisuch as fly ash.

Other common fillers include silica, kaolin (Chi@day), mica, feldspar, diatomite, sulfur, and dquaThe
most frequently used filler in asphalt is limestdpalcium carbonate), which is derived from the smitlation
of minute micro-organisms during the formation bé tearth’s crust. Limestone is the general ternrdoks
where calcite, a form of calcium carbonate, is gredominant mineral. Limestone may also contain a
proportion of magnesium carbonate, dolomite, silidays, iron oxides and organic material. Othetemials
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commonly used as fillers in asphalt include Podla®ement and Hydrated Lime, which possesses well
documented properties with regard to mixture duitgtand increased resistance to moisture damagephalt
(Little and Epps, 2001). Additionally, recycleddils in the form of so-called “baghouse” fines halso been
frequently used in asphalt (Kandhal, 1980; Andeet@h., 1982).

Significance and Benefit of Mineral Fillers

Mineral fillers vary in mineralogy, chemical profies, shape characteristics, size and gradationerdl
filler in hot mix asphalt is an important compon@ftthe mixture as the design and performance ofrhi®
asphalt (HMA) concrete is greatly influenced by tteure and amount of the mineral filler in the méxcess
quantity of filler tends to increase stability, tHeness, and proclivity to cracking. Deficiencyfiler tends to
increase void content, lower stability, and softemmix (Anderson et. al, 1996).

Fillers play an important role in stabilizing th#&MA by filling the voids within the larger aggregat
particles, and improving the consistency of thedbimthat cements the larger aggregate particlesr{®uskas,
1969). Mineral fillers increase the stiffness oé thsphalt mortar matrix, improving the rutting stsince of
pavements, increase density and lower the cosspifedt mixtures. Mineral fillers also help redube aamount
of asphalt drain down in the mix during construetiavhich improves durability of the mix by maintaig the
amount of asphalt initially used in the mix. Minkfilers may also be used to fill voids hereby yeating the
reduction in the asphalt cement content of a mixrdase the stability and apparent viscosity of rtiie,
improve the bonding between asphalt cement andeggtg, and also used to meet aggregate gradation
specifications.

Too much filler in asphalt mixtures can lead taaking or fatigue problems as the stiffness isdased.
Too little filler can lead to “bleeding” of bitumefiom the mixture (Kandhal, 1980; Anderson et &D82).
Furthermore, they affect the workability, moistwensitivity, stiffness and ageing characteristi€sHMA
(Mogawer and Stuart, 1996). A certain amount déffiis necessary in bituminous mixtures to obtdia t
required density and strength (The filler particfdsa portion of the space between the coarse fine
aggregate, and thus contribute to increase dendihg filler also influences the optimum asphalbtent in
bituminous mixtures by increasing the surface afea specific surface) of mineral particles. And
simultaneously, the surface properties of therfiflarticles modify significantly the rheologicalgperties of
asphalt such as penetration, ductility, and alssefof the mixture such as resistance to rutting.

Anderson, (1987) described the importance of mainéHers in asphalt mixtures. He summarized the
impact of mineral filler on the mixture as follows:

» Given mineral filler may extend the asphalt orfstifthe asphalt.

* Mineral fillers benefit the mix by stiffening theixat high temperatures with less stiffening at éow
temperatures, and by toughening the mix at low tratpres.

e The amount of free asphalt can be used to prekéciamount of stiffening indicating that this israef
volume phenomenon.

The effect of mineral fillers is more prominentgap graded asphalt mixtures, such as the stonéxmat
asphalt (SMA) mixture that contains large amouritBnes. Mineral fillers serve a dual purpose wizelded to
asphalt mixes. The portion of the mineral filleatlis finer than the thickness of the asphalt filind the asphalt
cement binder form a mortar or mastic that contebuo improved stiffening of the mix. The partglarger
than the thickness of the asphalt film behave aseral aggregate and hence contribute to the coptnts
between individual aggregate particles. The gradatshape, and texture of the mineral filler sigaifitly
influence the performance of hot mix asphalt.

Ideal asphalt filler used in HMA aimed to the following primary objectives:

» To obtain stiffer mixes at high service temperaurereduce rutting susceptibility.

e To obtain softer mixes at low service temperattwasinimize thermal cracking.

» To improve the asphalt-aggregate bond to improsistance to stripping or moisture damage.
» To improve resistance to abrasion this in turnsiced other forms of surface disintegration.

» To rejuvenate aged asphalt binders.

Fillers also contribute to workability, compacticharacteristics, voids in the mix, etc. As diffaréiller
possess different properties, they can alter thesipal or chemical properties of the binder in eliént ways
(Kavussi and Hicks, 1997). This alteration prodasgely depends on the following factors:

» Type of filler
» Physico-chemical activity of filler, and
»  Concentration of filler in the mix.

Characteristics of Mineral Fillers:
The characteristics of mineral fillers such astipkr size, gradation, shape of the particles caneha
detrimental impact on asphalt mixtures becauséeif impact on mixture stiffness, air voids confenbisture
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sensitivity, and thus can have a significant eff@etmixture performance (Dongre, 2002). The fiparticles
finer than 20 micronym) are a major factor governing the behavior déifd as they possess the highest surface
area (Andersomt al., 2001). The presence of super fine filler (extgnfine particles) in the mix could be the
main possible contributor to premature failure ¢&iag, stripping and brittleness) of hot mix asphalso, the
production of excess fines during the aggregatelyriion process has made it necessary to re-eeathat
effect of such material on hot mix asphalt. Eag¥etyf filler has different characteristics thatiieince the end
properties of the finished products in which they ased (Wypych, 1999).

Kavussi and Hicks, (1997) proposed that in ordegprovide satisfactory properties in the finisheglaalt,
satisfactory filler should:
* Not have adverse chemical reactions with bitumen.
* Not possess hydrophilic surfaces to ensure goodsiaitn
» Not possess high porous particles which may leak¢essive stiffening through selective adsorption.
e Have a high affinity for bitumen.
e Contain a dense (well graded) Particle Size Distitin.

Some of the more important properties of mineral filler used in asphalt concrete applications are as follows:
* Gradation- mineral fillers should have 100% of the particlesging 0.60 mm (No. 30 sieve), 95 to 100%
passing 0.30 mm (No.40 sieve), and 70% passingrd#i (No.200 sieve).
* Plasticity- mineral fillers should be non plastic so the p#ticdo not bind together.
» Deleterious Materials the percentage of deleterious materials such gsatid shale in the mineral filler
must be minimized to prevent particle breakdown.

With regard to the specification of fillers, Takleprovides specified limits of quality requiremeribr
mineral filler for Bituminous Paving Mixtures AASHIM17.

Table 1: Specification Requirements for Mineral Filler UséAsphalt Pavement.
Particle Sizing

Organic impurities

Plasticity index

Sieve size Percent passing
ggg 22 Emg' gg; 951_01%0 Mineral filler must be free | Mineral filler must have plasticity index nqt
0.075 mm (No. 200) ~0-100 from any organic impurities| greater than 4

Table 2 provides a listing of applicable test meth containing criteria that are used to charazette
suitability of conventional filler materials for @$n asphalt paving applications.

Table 2: Mineral Filler Test Procedures.

Property Test method Reference
General Specification Mineral filler for Bitumino®aving Mixtures ASTM D242
Gradation Sieve Analysis of Mineral Filler for Roandd Paving Materials ASTM D546
Plasticity Liquid Limit, Plastic Limit, Plasticitindex of Soils ASTM D2419
Deleterious Sand Equivalent Value of Soils and Fine Aggregate
- ; d ASTM D2419
Materials (Indirect measure of clay content of aggregate g)ixe

In early times, several tests have been usedaiacterize and evaluation of the mineral fillebituminous
mixes was dependent heavily on routine laboratesgst These tests were mostly from soil mechamds a
included liquid limits, plasticity index, cementai shrinkage, and water-bitumen preferential t@st
eliminated hydrophilic fillers). However, the moexperience, the following tests (Table 3) are penty
nowadays to characterize the mineral filler (maisrpassing the 0.075 sieve); the index propedidlers,
typically particle size distribution, particle slepsurface activity and the void content of filierits compacted
state, standard sieving, hydrometer tests, spsedimentation tests, Blaine fineness tests, maibydue tests,
and plasticity index, kerosene Absorption test,deigVoids BS 812, particle size analysis, and GerFiber
Test - Koch Materials Company Procedure.

The evaluation techniques for mineral fillers oveb are essential to improve our understandinthef
chemical composition and behavior of differentefii and to the development of performance based
specifications. Further using of microscopic tegoeis, such as Energy-dispersive X-ray spectros¢apy)
for example, will enable better measurement oérfdllor fines mineral composition. These new norirdetve
techniques capable of determining filler structpreperties would contribute greatly to understagdihe
chemical interaction of asphalt and mineral fille’sside from their chemical composition, fillersear
traditionally characterized by their particle sidistribution, shape, particle packing, surface apd surface
activity (Wypych, 1999).
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Table 3: Some of the key properties of fillers and theiameof measurement

Property/ Test protocol Standard
Geometrical
l. Particle size distribution: Air-Jet, Sedimentatiand microscopy (Laser diffraction ) EN 933-10/
technique BS 1SO13320-1:1999
Il.  Particle shape and texture: Scanning Electron Mawpy technigue (SEM) -
Physical and Mechanical
l. Water content EN 1097
Il.  Particle density EN 1097-7
Stiffening
I.  Voids of dry compacted filler/fractional voids :dglien voids EN 1097-4: 1999
Il. Delta Ring and Ball EN 13179-1
Ill.  Absorption: Bitumen number EN 13179-2
IV. Loose bulk density in kerosene EN 1097-3
Chemical
I.  Water solubility EN 1744-1:1998
Il.  Water susceptibility EN 1744-4:2001
Ill. Calcium carbonate content: x-ray fluorescence EBIADEN 495-2
IV. Calcium hydroxide (hydrated lime) content of mixXiier EN 459-2
V. Organic content :Loss on ignition of coal fly ash N E744-1:1998
VI. Organic content :Loss on ignition of blast-furnatags EN 196-2:1994
VIl. Mineral composition: Energy-dispersive X-ray spestopy (EDX) -
VIIl. Requirement for harmful fines: Methlene blue value EN 933-9
IX. Plasticity Index BS1377:1990 Part2 1
Surface area - fineness
I Blaine test (Blain specific surface) EN 196-6

Concept of Free Asphalt:

The concept of free volume is critical te tlevelopment a proper understanding of the rofeinéral filler
in the mix and its effect on HMA performance. Tluencept was first reported by Rigden where the dry-
compacted voids of mineral fillers were measuredlastrated in Figure 1. Rigden, (1947) proposesat the
volume of fixed asphalt that a filler could accontate in its compacted state influenced the stiffgfiehavior
of fillers in mastics. Rigden also proposed tha¢ twlume of “fixed asphalt” that the system could
accommodate scaled the effects of a given volunfidlext

t Free Effective
Asphalt Asphalt Asphalt Liquid
Binder Binder Phase
X
Fixed
Total Air Voids
volum Asphalt .
olume Effective
Filler Compacted Solid
Particles Filler Phase
Particles
A 4 A\ 4

Fig. 1: Concept of Free Asphalt (after Rigden, 1947).

In this concept, the mineral filler partislassume some minimum packing that is unique tofittea. The
minimum packing or void content depends on a nurobéeictors, including the gradation of the filigize and
size distribution), the shape of the particlesfag roughness, and the test procedure used tourseeasid
content. The minimum packing can be determined amyndifferent ways, such as dry compaction, keresen
absorption, water absorption. The definition okfesphalt as was first defined by Rigden (1954)ek\Vdsphalt
is added to the mineral filler, the asphalt fii#is fthe voids. Asphalt within these voids is cdllfixed asphalt
(i.e. the amount of asphalt required to fill theédsobetween the mineral filler particles) because fixed within
the void structure and does not contribute to tbe properties of the mastic. Asphalt in excesshef fixed
asphalt is called free asphalt because it is foekulbricate the larger particles. The free asppakhes the
particles apart, lubricating the mastic (filler/agfi mixture) and thereby enhancing its fluiditydazontributes
to workability. It is the ratio or percentage oétholume of free asphalt (effective asphalt) coragdo the total



284 Eltaher Aburkaba and Ratnasamy Muniandy, 2016
Australian Journal of Basic and Applied Sciences,d(9) May 2016, Pages: 279-292

asphalt content that has proven significant in jotédy the stiffness of the mastic. It was presurtteat high
percent voids (low free asphalt content or low @ffe asphalt) might lead to stiff mixtures of lavorkability
that are susceptible to cracking, and that sampiéslow percent voids (high free asphalt or effeetasphalt)
are susceptible to bleeding or shoving. The conoépree asphalt has been defined and found torbe a
important factor affecting the mineral filler asfthaastic properties (Rigden 1947; Kandhal 1981).

Mineral Fillersand Asphalt Binders I nteraction:

Bitumen acts as a binder in asphalt and bindScements”, the aggregate particles together. Theee
several types of asphalt binder and the rheoloditatv and deformation) properties of the asphaitder
reflect the source of the bitumen (the type of ertrdm which the bitumen is manufactured), the nfacturing
process of the bitumen, and the addition of polgnweradditives. Asphalt binders are rheologicalemals; that
is, their behavior depends on temperature and(fiaguency or time) of loading. At any combinatiohtime
and temperature, the time-dependent (viscoelasébavior of asphalt binder, within the linear ranigebest
characterized by two properties: the total reststato deformation under load and the relative ithistion of
that deformation between elastic and viscous fBdbfia and Anderson, 1995). Asphalt mastics armééfas
dispersions of aggregate fillers within a mediumasphalt binder. When asphalt binders are combivigd
mineral fillers, a mastic is formed. This mastimdae viewed as the component which glues the agtgeg
together and which undergoes deformation when éivempent is stressed during the service. The conmparfie
filler asphalt mastic is shown in Figure 2.

Volume of T Volume of
Asphalt Free
Asphalt

A
Volume of

Asphalt ‘Exed Asphalt
A
Volume of
Mineral Filler
Bulk y __ Solids
Volume
of Mineral _
Filler Mastic

Filler

Fig. 2: Components of Asphalt Mastic (Source: Hanson amleéyp1997).

The behavior of fillers in different bitumen typesnot easy to predict due to the complex natdrthe
interactions between the two materials. The mdstimed from filler and bitumen in asphalt can besidered
the “true binder” of the mixture and thus the pmties of the mastic, and hence the properties It&f fare
important in an asphalt mixture (Anderson et a@92a). Buttlar et al., (1999) divided the reinforamnt
mechanisms into three categories: (a) volume-flliminforcement (stiffening caused by the presefcegid
inclusions in a less rigid matrix), (b) physico-ofieal reinforcement (stiffening caused by interfh@ffects
between asphalt and filler particles, includingapson, adsorption and selective sorption), andp@rticle-
interaction reinforcement (stiffening beyond voluriing and physico-chemical reinforcement caudeyl
interactions between particles of filler/altereglaat). Figure 3 shows the Basic Concept of Fillereraction
with Binders after Tunnicliff in 1960.
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radient of stiffening

1. Filler
2. Asphalt adsorbed layer
3. Asphalt layer atfected by adsorption

Fig. 3: Fillers’ Interaction with Binder after Tunnicliff,960 (Source: Bahia, NCHRP 9-45, 2010).

Effect of Mineral Filler on Mastic Properties:

Filler as one of the major components in an asphiature, plays a major role in determing the gedies
and behavior of the mixture. It plays a major roldoth binding and the aggregate interlocking affg@errwi
and Epps, 1998). The filler has the ability to @ase the resistance of particle to move withinntive matrix
and/or works as an active material when it interagith the asphalt cement to change the propeofidhe
mastic (Turunen, 1993). Therefore, selecting profype of filler in asphalt mixture would improvesit
properties and thus enhance the mixture performarue addition of mineral fillers to asphalt bindeknown
to stiffen the asphalt binder, transforming it imew material called mastic. This new material i@Wwn to
affect the workability of the asphalt mix and, ttfere, play an important role in the compaction afilience
the overall performance of asphalt paving mixtu¢dsdersonet al., 2001). The mastic influences the
lubrication of the larger aggregate particles, #n affects voids in the mineral aggregate (VM#mpaction
characteristics, and optimum asphalt content. Qudonstruction of Hot Mix Asphalt (HMA) pavementhge
mastic must have enough stiffness to prevent diaimn, or the downward migration of the mastic maithlie
to gravitational forces during storage and handlifpis is particularly important in open or gap dpd
mixtures, such as Stone Mastic Asphalt (SMA) migturFinally, the stiffness of the mastic in thédfienpacts
the ability of the mixture to resist permanent defation at higher temperatures, influences streseldpment
and fatigue resistance at intermediate temperataresinfluences stress development and fractsistamce at
low temperatures (Chen, 1996).

The effects of mineral filler in asphalt pavingxtuires have been examined extensively in numerous
studies. The majority of studies on mineral fillphalt systems throughout the century have relestandard
high temperature measurements such as penetraiisrgsity, softening point temperature or ductility
describe flow properties and to explain the intéoacbetween asphalt binders and mineral filler.

Early studies (Rigden, 1947, 1954; Heukelom ang&Vil1971) of fillers in bitumen, measured viscpsit
mastics and found that the filler type affectedhbitte temperature susceptibility and the shear ey of
the mastic. Rigden, (1947) conducted a series pém@xents to study the relationship between fileyperties
and the viscosity of mineral filler-asphalt mastiBéggden showed a strong correlation between tlg cantent
of dry compacted filler (the so-called Rigden vgidad the amount of stiffening produced by thefilRigden
also showed that the voids in the filler at itsselst packing are of major importance to the betawio
filler/bitumen systems.

Tunnicliff, (1962) was one of the first research&y give a comprehensive definition of minerdefiland
propose a mechanism for the stiffening of asphaltidrs by filler. Tunnicliff proposed that a paktiof filler
adsorbs a layer of bitumen, which entirely encloges particle. The adsorbed layer of bitumen assume
different, stiffer consistency due to the surfacergy of attraction between the two materials. Bitamen
assumes it's most rigid character immediately agfjdo the particle and as the distance from théigha
increases, the forces of surface attraction digsipatil they become negligible and the bitumemiret its
original stiffness.

Kallas and Puzinauskas, (1967) believed that fjlerformed a dual role in asphalt-aggregate meguA
portion of the filler with particles larger thanetfasphalt film will contribute inproducing the caat points
between aggregate particles, while the remainithgy fis incolloidal suspension in the asphalt bindesulting
in a binder with a stiffer consistency.Kallas antzirauskas also found that the stabilities of a$phixtures
increase up to a certain filler concentration, tearease with additional filler.

Puzinauskas, (1969) mineral filler play an impottale in stabilizing the hot mix asphalt (HMA) fifling
the voids within the larger aggregate particles) anproving the consistency of the binder that cetmehe
larger aggregate particles.
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Anderson and Goetz, (1973) evaluated the stiffpmifiect of a series of one-sized fillers rangingsize
from 0.6 to 75 mm in one of the first studies tf@tused on determining the mechanical propertiegsphalt
filler mixtures. They concluded that both the sifehe filler and asphalt binder composition hasignificant
influence on the stiffening effect. A further studsed rheological measurements using a slidinge plat
viscometer to study the stiffening effect of diffat fillers, separated into different size fracioAnderson and
Goetz found that not only the size is important,the mineralogy of the surface also played a imkaodifying
the rheology of the mastic. The description of ptglseffects on contact of asphalt film and minefiliér
requires the knowledge of the following structurhbracteristics of fillers to be the most importagrain-size
distribution, specific surface area, Rigden voids,well as grain morphology (sphericity and roursdnef
grains). Anderson and Goetz also suggested #iafprcement in asphalt mastics is influenced hyiga size
of filler, loading time, temperature, and by iniians between asphalt and filler.

Anderson and Goetz, (1973)proposed that the podfahe filler that is suspended in the asphattesis
the binder through two mechanisms. A small stifignéffect arises from the volume filling of thddil (i.e. the
stiffening caused by the presence of rigid inclaosiin a less rigid matrix). Larger stiffening rasufrom the
physico-chernical interaction between the asphaltthe surface of the mineral filler.

Anderson, (1982) performed a study on the behawfothe asphalt-filler mastic using the penetration
softening point and ductility. Where by five fillasphalt (F/A) ratios and five different types iief were used.
These F/A ratios are calculated by volume of maletd allow for comparison between filler types. As
expected, Anderson found the penetration to deereéth an increase in the F/A ratio. Also, thetsoiihg
point and viscosities increased with an increasitfgratio. The results showed a large increasé@énviscosity
at an F/A ratio of 0.4. This F/A ratio are loweaththose found in many HMA mixtures. The much highe
viscosity can affect the compactibility of the HMad require more compactive effort or higher cortipac
temperatures.

Based on the Strategic Highway Research Progr&RFP$ Idea Project, SHRP AlIR-13 study, Anderson
et al., (1992) made several observations as follows:

e A major part of the filler fraction is embedded tim bitumen in such a way that the binder in asphal
mixture is not the pure bitumen but instead a mastnsisting of mineral filler and bitumen.

» The fine fraction of aggregate contributes the migjof the surface area generated by the aggregate

» The properties of the fine fraction should be damninin terms of physical-chemical interaction betwe
the binder and mineral aggregate.

In another study, Anderson et al., (1994) stalted some fillers may be added in relatively largargities
with out stiffening the binder. These fillers caxtend the binder making the mix appear to have ssice
asphalt content. On the other hand, too little mahéller may reduce the effective viscosity oftimastic and
lead to premature rutting of the pavement.

Cooley et al., (1998) used the Superpave bindts te investigate the stiffening potential ofefi. They
verified that the percent bulk volume, one propeldyived from the modified Rigden’s voids test, tenused
to characterize the stiffening potential of fillefithey also recommended that the value of the holikme be
kept below 55%.

Gubler et al., (1999) conducted Dynamic Shear Riater (DSR) and bending beam rheometer (BBR) tests
on a series of asphalt binder and filler combinaioTwo asphalt binders and three fillers with edriree
volumes and ageing conditions were included instindy. The authors believed that stiffening is oty way
in which the addition of mineral filler changes theoperties of asphalt binder. In fact, masticsavehquite
differently than does a binder that is simply stifbinder. These differences include changes inrhterial
properties with aging and the time and magnitudmading that are of practical and scientific iet&r Unlike
asphalt binder, mastics are susceptible to shiair, tnechanical properties are changed by the @jn of
stress during the test itself. The study resultcated that filler can promote the oxidation amddening of
asphalt binders. Since it is generally acceptetfttigue is related to hardening of the bindetigfee must also
be related to this phenomenon.

Gubler et al., (1999) have studied the influentéhee mineral fillers on the aging mechanism gtealt
binders. Gubler found out that the complex mod(Gry as well as the phase angl yaried with magnitude
and time of loading, thus the mechanical propexiesiastics depended not only on the conditiorthatime
of measurement, but also on sample history priothtéo measurement. Therefore fillers might influetice
aging of a binder by promoting oxidation or sidaatons, such as dehydration or polymerization{ fhat
leads to a hardening of asphalt mixture.

Wypych, (1999) stated that:filler can be defined“solid material capable of changing the physaadi
chemical properties of materials by surface intiéoac or its lack thereof and by its own physical
characteristics”. This definition implies the eriste of two ways in which fillers modify a systeirstly, the
ways in which the filler's shape, particle size gatticle size distribution affect the system thgbdilling of
the liquid with solid particles. Secondly, the wiaywhich interactions between the solid and ligplthses of
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the mixture affects the material. The second intéwas can vary from strong chemical bonds or plalsi
interactions leading to strongly reinforced materito almost no interaction at all.

The effects of varying the filler size and quanth hot mix asphalt are known to influence theawédr of
the hot asphalt mixes (NAPA, 1999). It can stiffdt'e mix; extend the binder mastic, alter the mogstu
resistance of the mix; affect the aging charadiesof the mix; and influence the workability aodmpaction
characteristics of the hot asphalt mix (Anders@87).

Kim et al.,, (2002) describe how the resistanceaofastic to micro-crack development is strongly
influenced by the dispersion of mineral filler. Bhuhe cohesive strength of the mastic is contiatiet by the
asphalt cement alone, but by the combination ateddntion of the asphalt cement and the minedat fil

Montepara, A. et al., (2011) evaluate the infleeébinder and filler type on HMA cracking response
Four different fillers and four asphalt binderscliding unmodified and polymer modified binders, reve
evaluated using a visco-elastic fracture mechamised crack growth law. The cracking behavior otina
was investigated using a modified Direct Tensiost{®TT). Strain localization and damage distribativere
observed using a Digital Image Correlation Syst€iC] capable of accurately capturing localized onn
uniform stress distributions in asphalt materi&@sperimental results indicate that tensile failpreperties of
the mastic are strictly correlated to HMA failummits for either unmodified or polymer modified rhixes. It
was observed that strain localization and damaggilalition in asphalt mixtures is strictly dependen the
physico-chemical interaction between binder ankrfiand on the particular network established witthie
mastic.

In summary, the importance of bitumen-filler mesthas been known for over a century and severdiest
have been carried out with the intention of deseglihe characteristics of the fillers which bessdibe the
behavior of the resulting mastics. Voids in théefilin its compacted state, referred to as “Rigéfeids”, has
consistently been found to be the best single ptppd the filler which relates to the increasestiffness, or
reduction in flow, of the mastic when filler is asttl

Effect of mineral filler on HMA properties and performance:

Mineral fillers are added to asphalt pavmigtures to fill voids in the aggregate and redtieevoids in the
mixture. However, addition of mineral fillers hagadl purpose when added to asphalt mixtures. A @ouf the
mineral filler that is finer than the asphalt fithickness mixed with asphalt binder forms a mootamastic and
contributes to improved stiffening of mix. This nifdchtion to the binder that may take place duaddition of
mineral fillers could affect asphalt mixture projes such as rutting and cracking. The other portibfillers
larger than the asphalt film thickness behave amirgeral aggregate and serves to fill the voids betw
aggregate particles, thereby increasing the deanitystrength of the compacted mixture.

There are many physical and chemical factbes affect the performance of filler in asphaiincrete
pavement. Such factors are known to be size ardhtjom, specific gravity, surface area, shape, sycmhtent
and surface characteristics.

Strength and load carrying capacity of HM&largely the result of the aggregate frameworlated
through particle-particle contact and interlockedtly graded, a dense HMA contains successivelyllsma
particles such that the framework created by thgelaparticles is just filled by the smaller pda& Thus the
coarse aggregate framework is filled by the samdesimaterial and finally by the mineral filler. Hever, at
some point the smallest particles no longer makdamd and, instead, lose contact and become susgend
asphalt binder. These suspended particles do met the particle-particle contact that is createdhgylarger
particles.

Tunnicliff hypothesized that for dense-grdaeixes this loss of particle-particle contact aced with sizes
somewhat less than 75 micron, most likely betwe@m@aidd 75 micron depending on the filler and mixtuite
further concluded that mineral filler should beidefl as the fraction of the aggregate with padicefficiently
small such that the particles are suspended iragpdalt binder and no longer maintain particleddiple
contact (Anderson et. al, 1996).

Traxler and Miller, (1932) noticed that mixeontaining large particles result in more staibetars than if
the large particles are not present. Additionaldfiés usually result in greater asphalt surfacesignin this
respect, the success of Portland cement as avilsrbelieved to be caused partly by its high dipegiavity.

Kallas and Puzinauskas, (1962) held thatlssan the mineral aggregate (VMA)are affected byesal
properties of mineral filler, such as particle siligtribution, specific surface area, surface otiaréstics, shape,
and effect of filler on the viscosity of asphalhelfound that by changing the concentration oéfillip to a
certain concentration, stability increase and optimasphalt content decrease; however as more iilidded,
these tend to reverse. They also noticed thatvarakinstances finer materials caused lower mextascosity
than the coarser fillers at the same concentrégiosl.

In general, filler have various purposes amongctvhthey fill voids and hence reduce optimum asphal
content and increase stability, meet specificatimnsaggregate gradation, and improve bond betveesgalt
cement and aggregate (Bouchard, 1992). The useiradranh filler for improving the performance of asph
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concrete mixtures has been repeatedly demonswatrdhe years (Anderson, 1973, Tayebali et aD0O2Qittle

et al.,, 2005). With regard to fatigue performanpegperly selected fillers, which have physico-cheanhi
characteristics compatible with the asphalt birated aggregate particles, act as bond-strengthemdgrack-
arresting agents (Little et al. 2005, Craus et18l78). Similarly, compatible mineral fillers aid neducing
permanent deformation by increasing the viscosityhe mastic, thus improving the plastic and vidastic

characteristics of mixtures (Petersen et al., 198Taus et al., 1978, Mohammad 2006).

Ali and Chan, (1996) study the effect of fly aghtbhe mechanical properties of asphalt mixturesulte
from this study indicated that fly ash can be uae@ mineral filler to improve resilient modulusachcteristics
and stripping resistance. The addition of fly asth dot significantly reduce field performance ofphalt
concrete mix in terms of rut depth and presentiseability index but increase the amount of surfacking
in the pavement.

Kandhal and Parker, (1998) and Kandhal, (1999)nsarized the influences mineral filler can have loa t
performance of HMA mixtures as follows:

» Depending on the particle size, fines can act &iflea or an extender of asphalt cement binderhe t
latercase, an over-rich Hot Mix Asphalt (HMA) miarclead to flushing andrutting. In many cases atfmeunt

of asphalt cementused must be reduced to prevess &f stability orpavement bleeding.

» Some fines have a considerable effect on the aspbaient, making it act as a much stiffer grade of
asphaltcement compared with the neat asphalt cemgeadeand, thus, affecting the HMA pavement
performanceincluding its fracture behavior.

» Some fines make HMA mixtures susceptible to moésinduced damag®Vater sensitivity of onesource of
slag baghouse fines has been reported in theUSttads, and the water sensitivity of other stonischss been
reported in Germany. Stripping of HMAmixtures akated to the properties of filler—asphaltcombinasidias
been reported in Japan.

Today, it is well recognized that HMA should beasimlered as mixtures of mastic coated aggregatiesrra
than pure asphalt-coated aggregates. Mastics heare grining more and more attention in the aspidlistry
because of its significant influence on the praperbf HMA mixtures and ultimately on the performarof
flexible pavements.

In NCHRP Project 4-19, “Aggregate Tests RelatedP&formance of Asphalt Concrete in Pavements,”
Kandhal and Parker conducted DSR tests on fillphalk mortars to determine the rutting and fatigue
properties. Fines passing a No. 200 sieve (P20@riaBtobtained from six different mineral aggregmivere
included in the study. The P200 materials wereattarized by Rigden voids, particle size analysisthylene
blue test, and a German filler test. HMA specimeantaining different P200 materials were testedhia
Superpave shear test device for rutting and fatigaeking.

AASHTO T283 (modified Lottman test) was used talaate moisture susceptibility. It was found that t
D60 size (the particle size that 60% would be passr smaller than) and methylene blue values weeged to
rutting, whereas the D10 size (the particle siz 0% would be passing or smaller than) and metteyblue
values were related to stripping. No performandated test was identified for fatigue cracking. bedtory and
field-testing have proven that hydrated lime cabssantially reduce moisture susceptibility, enhatioe
asphalt-aggregate bond, and improve the resistahaaixtures to water-induced damage (Little and €£pp
2001).

Little and Petersen (2005) recently gave a detadeiew of the unique effects of hydrated liméefilon the
performance-related properties of asphalt cemeéy@3. (

Sebaaly (2003) updated a work from Little and Ef301), where the advantages of hydrated lime in
HMA mixtures were analyzed. They suggested thatathiity of hydrated lime to improve the resistarafe
HMA mixtures to moisture damage, oxidative agingechmnical properties, and fatigue and rutting
performances results in approximate savings of $&0ton of HMA. They also analyzed field data and
concluded that hydrated lime increased the avgsagement life by approximately 38%.

Huang et al., (2012)investigate the effectiver@ssementitious fillers on moisture susceptibilitfy HMA
mixtures. Five types of cementitious fillers werensidered: fly ash, cement kiln dust, and threesgypf
hydrated lime with different finenesses. The testuits indicate that the cementitious fillers wgemerally
effective in reducing the moisture susceptibilify HIMA mixtures. The finer the hydrated lime paréclthe
more resistant the asphalt mixtures to moisturaéad damage.

Kim et al., (2003) investigated the effect ofdi and binders on the fatigue performance of disptiges.

To analyze the effects of fillers, the authors utieel theory of viscoelasticity, a continuum daméatigue
model, and a rheological particulate composite rhobleey concluded that the filler type affected taégue
behavior of asphalt binders and mastics. Filless atiffened the binders, and hydrated lime waseneffiective

in stiffening binders than limestone fillers. Anetlconclusion was that even if the fillers stiffdrtbe binders,
they acted in such a way that they provided betigistance to microcracking and thus an increaestiglie life.
Among all the mineral filler used in HMA mixtureperhaps hydrated lime is the most often investijate
because of many benefits associated with its use.



289 Eltaher Aburkaba and Ratnasamy Muniandy, 2016

Australian Journal of Basic and Applied Sciences,d(9) May 2016, Pages: 279-292

Bahia, H. et al., (2010) conducted a study on festthods and specification criteria for minerdkfil the
study concluded that filler characteristics aretical for defining the influence of fillers on mixte
performance. Mineral fillers vary significantly the physical and chemical properties and mineHalr fivere
found to significantly affect mastic and mixturerfoemance indicators and the effects were, in nuases,
highly specific to the filler binder combination.

Reyes Ortiz and Alvarez-Lugo (2011)reported the HMA analyzed were fabricated using a 60-70
penetration asphalt binder, dense-graded aggregaieeralfiller, and different types and contents of
mineralfiller replacements (i.e., lime, cement, dligcash). The indirect tensile test was condudtedetermine
both the HMA tensile strength and force-displacetmmemve, which allowed for the computation of thA
toughness as well as the energies involved in tliegss before and after reaching the tensile dtieng
Corresponding results suggest that the replaceofemineralfiller by cement, lime, and fly ash madd the
HMA response in terms of both the tensile streragttl energy parameters. In addition, analysis oetiergy
parameters proved to be useful for determining adhgmum mineralfiller content of HMA. Consequently,
analysis of these energy parameters can benefiilM# mixture design process.

Alvarez, A. E. et al., (2012)investigates theefileffect on asphalt-aggregate interfaces of HM#ekaon
thermodynamic properties (i.e., measurements dhsaifree energy, SFE, performed on asphalts, osasthd
aggregates). Seven asphalts, three different nifitlera added at different proportions, and sixgeggates were
assessed. The analysis was conducted in termsgdyeparameters computed by using the SFE comp®oént
the materials evaluated. Corresponding resultsesigbat the inclusion of filler in the asphalt ledchanges in
the resistance to both fracture and moisture damégjige mastic-aggregate systems and the wet\abilithe
mastic over the aggregate as evaluated in terriseoénergy parameters. Since these particulartefége not
comprehensively captured based on conventiona @stently used for filler characterization-whiotainly
evaluate particle size, presence of harmful fiaes, morphological properties, the HMA mix design banefit
from characterization of fillers and mastics innter of the SFE and subsequent computation of theggne
parameters.

Summary of Research Related to Mineral Fillers:

Fillers in asphalt are used to obtain increas#thess or rigidity, reducing creep (permanent defation),
increasing density and lowering the cost of aspmitures. Too much filler in asphalt mixtures daad to
cracking or fatigue problems as the stiffness ésdgased. Too little filler can lead to “bleeding”mtumen from
the mixture. Much of extensive research studieehaen done in the past on the properties of niifides
and its influence on HMA. In summary, it can be daded that:

» Mineral filler forms a high-consistency mastic whaernixed with asphalt binder, which cements larger
aggregate particles together.

« Mineral filler fills the interstices and providesrtact points between larger aggregate particles.

» For a given filler type (source), general obsenmathas been made that the finer the filler the tgrethe
stiffening effect; Particle Size Distribution (PSBgta alone is insufficient to predict the behawbthe filler in
bitumen.

» Many researchers have shown that the free asphra#tlates well with the stiffening effect produdeyl a
filler measure of packing.

» Itis widely believed that depending on the paetisize, fines can act as a filler or as an exteaflasphalt
binder.

* Some fines have a considerable effect on the aspimaler, making it act as a much stiffer gradasghalt
binder compared with the neat asphalt binder aadidgree of stiffening varies significantly betwetffierent
fillers.

» Although performance varies for different fillerhhere are no tests that can adequately prediet fill
performance.

« Early work indicated that both the size of thesfiland the asphalt binder composition had an impa¢he
stiffening effect.

* The modified Rigden voids (bulk volume concentraitest of mineral filler can be related to théfstiing
effect produced when the filler is added to bituntender. Fillers that exceed 50 cause the mortabeo
excessively stiff and difficult to work (NCAT Repd-8/2, 1998).

» The viscosity of the neat asphalt increases as nasch 1,000-fold when certain fillers were added to
asphalt binder.

e The suitability of filler for use in HMA depends ¢ime properties that are related to the stiffeninflgence

of the mineral fillers.

e Two test procedures emerge as important regardiageffect of mineral fillers on the performance of
HMA: the methylene blue test and the dry compautads test.
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 Numerous studies have evaluated the effects offifiler, and mortar on HMA performance in the
laboratory and in the field. Mineral fillers largehfluence the asphalt mixture performance, dependhostly
on their mineralogy (type) and finer size particl8eme fines may also make HMA mixtures more susdep
to moisture induced damage.

* The suitability of filler for use in HMA depends ¢ime properties that are related to the stiffeniilyience
of the mineral fillers.

Efforts to characterize fillers have generally followed three paths:
»  Characterization of Particle Sze or Packing:

Several research studies have been conducted/ébogesuitable test parameters related to parsice or
packing to evaluate the fines and fillers. D60 (plagticle size of mineral filler at 60% passingdanethylene
blue values were found to be related to ruttingl BAO (the particle size of mineral filler at 10%sging) and
methylene blue values to stripping. The modifieddRin voids test has been used to characterizditfeming
potential of baghouse fines.

*  Binder Tests Performed on a Mortar:

Superpave binder tests, Bending Beam RheometeR)BBynamic Shear Rheometer (DSR), flexural
creep, and direct tension tests have been usedveyad researchers to characterize the fine mortapidless
mastics properties.

*  Modeling of the Overall Interaction between the Filler and Binder:
Recent efforts involve modeling thephysical-cheahinteraction between fillers and binder.

Conclusion:

In order to understand the relation between tiphals properties and mixture properties, it is 13seey to
define the properties of mineral fillers and filesphalt mastics that serve as the binder fontixéure. In this
paper the important of the mineral filler and magtioperties in define the mixture performanceeifected in
the literature by the huge number of the studiegezhout to define the mixture properties anddeniify the
factor that control them.

The literature review conducted in this articledigated that the most commonly measured filler
characteristics can be classified into two categonphysical /geometrical and chemical compositiar. each
category a number of properties have been foundetimportant with regard to influence on mastic/and
mixture performance. The physical /geometrical €dffme gravity, shape, angularity, and size disttiba) as
well as chemical (mineral) composition of fillengch as calcium, iron, and aluminum dioxides contemt be
important variables.

The importance of physical-chemical interactiotwizen the fillers and asphalt has been recogniaed f
long time and the dependency of mechanical pragsedf the mastics on the nature of the interadias been
shown in a number studies. Also the majority ofriygorted studies of mineral filler-asphalt mastiese relied
on high temperature routine type measurements asialiscosity, softening point, and penetration eésctlibe
flow properties and to explain the interaction bew fillers and asphalt binders. With the new mesti
techniques being developed within the Strategichiday Research Program (SHRP) for testing of asphalt
binders and mastics, a new look at rheology ardréaproperties of mastics is now possible.
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