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Abstract 11

Using mlymer to modify asphalt binderfor better performancdéas become populain 12
pavemenengineeringfor whichto evaluak the effect of polymer addition on theroperties 13
of the asphalt concretés essential fomix design Conventionalmechanical test methods 14
primarily usingbending of beamand indirect splitting are not only materialy and timéy 15
costy and labor intensivebut also provide no direct information for theiscoelasticand 16
rheologicalcharacteristics of thmaterials This paperreports a studysing direct tensile test 17
(DTT) to evaluate the effect of polymer dmoth mechanical and rheological quertiesof 18
modified asphalt concreteTwo types of polymerswhich areStyreneButadieneStyrene 19
(SBS), and a mixture of SBS and Polyvinyl Chloride (PM&3reinvestigatecon two mixes 20
using fine and coarse aggregates, respdgtivie has been found that SBS generategl
improvement for both mechanical and rheological properties of hot mix asphalt concizte.
However, using a hybrid mixture of SBS and PVC shows that PVC can further improve2be
mechanical properties, but deteriorate theghness of the asphalt concret¢.the end, a 24

simple qudric polynomialmodelhas been propsedto characterizéhe combinedSBS and 25

PVC effectdor the sake of the guidance for mix design 26
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1. Introduction 1

Hot mix asphalt HIMA) concretejn generaljs composed of asphalt binders, aggregaied 2
air voids in which the aggregates amount up te9896 of total weight1,2]. The ensile 3
strengthof HMA concrete plays critical roledecidingthe performance of the asphalt concrete
and constructed pavement when exposeprévailingtraffic and environmentatonditions 5
[3,4]. Improving the material properties @sphalt mieshas been aonstanteffort, in both

pavementonstruction andepair, to elongatehelife spanof roads which consequentiyelps

0o N o

to reduce theostof pavement maintenangg].

Asphaltbinder modificationusing polymerand asphaltconcretemixture modificationusing 9

mineral additiveare twoeffective techniquepopularlyadopted inengineering practice and 10
underintensive researckdding polymer imo asphalbinderwas foundhot onlyenhancdthe 11
mechanical propertgnd durabilityof the binderitself but alsoimprove its binding strength 12
with themineral aggregatesf concretg6]. However, t was found thatoncrete mixes using 13
StyreneButadieneStyrene (SBS)modified asphalthave much higher optimum binderratio 14

thanconventional mies[7,8]. 15

In addition to mehanical strengthhe rheological characisticsof asphalt concretalso plays 16
a critical role in the mateial performanceto resist thedeteriorationof pavement in the 17
conventionaforms of rutting and crackingRheological charactatics decides theinitiating, 18
developing,and prgagatingof the distressesinder theprolonged regtitive traffic loading, 19
seasonal and daily clfc thermalvariation of environment and tlaging of the material itself 20
[9,10]. Cheng et al [11] studied the rheological properties of asphalt modified using wadte
polyethylene (WPE) and SBS as well as the morphologyeaftbncretanix. They foundthat 22
penetratio and softening points were increased with the rise of WPE/SBS percebithage 23
meanwhileductility decreasedlo enhance thductility, they added in nanolimestone dust 24
(CaCO3 and obtained improvemenZhang and Hu [12%tudied a high viscosity modified 25
(HVM) asphaltaddingin SBS, plasticizer, and crosslink&xaminedrheological properties of 26
modified asphaltthey found thaplasticizer decreased the rutting resistance of the adpitalt 27
acceleratedhe agingdegradation of SBS while tleeosslinker increased the aging resistance28
Zhang and Hu [13&lso studied th@hysical and rheologicaroperties of asphalt modified 29
usingSBS and sulfyrand foundhatthe addition ofSBS and sulfur led to a thoroughtform 30
polymer linkage, whichupgraded the physical and rheological characteristics of modified

asphaltunder aging. 32



Direct evaluation and analysi$ the asphaltrheologicaleffectsandmechanisntontributing
to thedistresses are alway<hallengg14] andof topicalinterestin asphaliconcretaesearch
[15,16,17]. Indirecttensilesplitting approachs popularly adoptedn pavement engineerirtg
evaluatethe crack resistancef asphalt concreteNCHRP 957 project [18,19] reviewed
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various testappoaches they are semicircular bendingest [20]; semicircular bending 5
(Louisiana TransportationResearchCentrg; semicircular bendingilinois; indirect tensile 6

strengthRCST; overlay tes{OTR), bending beam fatigue t®BF); and IDEAL crackingtest. 7

These methods are appltafor both field and laboratory testslowever,ther resultsgive 8

out less direct informatioto quantify the heological characteristicef tested materials. 9

Comparedvith thesemethodsdirecttensle test (DTT)is straighterforward which isable to 10
provide direct information foboth the crackingresistance/tensile strength arteeological 11
attributesDTT is directly to applyan uniaxial tensile forcen a materialsampleto obtain the 12
stressstrain curve of the material, on whitte basicprinciple propertiesof materials such as 13
tensile strength and maximekformatiorielongation,can bedirectly obtained21,22], on 14

whichtheviscoelastic behaviowill be easily worked ouf23]. 15

DTT in general uses @ctangular or dog borghape sample to deliver an evenly distributed6
stress over the crosection inthe nddlepart of the sample. Alirgn |
in the line of the applied tensile force is also important to preaesdurce of errordue to 18
bending or twistingDTT method has been successfully adoptealssesshe performance of 19
dense and opegraded mixes of asphalR4], and thestiffness gradientf aged mixeof 20
pavemenfrom the field in terms of the measured frequency of oscillatibime objective of 21
this work isto usethe DTT method tocharacterie the crack resistancand rheological 22
propertieof polymer modifiecbituminous mixtureslt aims to find a correlation between the23
maximum absorbed energydthe stiffnessof mix, the informationemployed in practice at 24
the mix design stage for decisianiteria A novel method to evaluate and characterize thes

rheolayical property based on mechanical energy using the data from DTT has been ad@gated

in this study. 27
28

2. Materials and Experiment 29

1 Materials properties and sample preparation 30

A control mix using a normal asphalt was designetiawea binder contenof 4.8% by total 31

weight of mix, which was determined follavg theSuperpave Gyratory compactor analysis32
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andcertain void content of 4%. Figure 1 shows gjnadationof the aggregatesised Other 1
mixes were a modification on the control ofl@vo types of polymers were used and added
into the control mix at different percentages. Onetigenebutadienestyrene (SBSpnly, 3
which was added in bya percentage of, 6, and 8%of the weight of the asphalt binder, 4
respectively. The other one is a muire of SBSand polyvinyl chloride PVC), which consists 5
of 4% SBS and, 2, and 3%°VC, respectivig, by the weight of asphditinder Tables 1 and 6

2 gives out theneasuredaheologi@l properties of theontroland modified bindes: 7
8
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Figure 1Selected Gradatioof Combined Aggregate and Mineral Filler 9

10
The ready mixes weremade into plate samples of a rectangular shape for the DTT. Thel
dimensions of the samples are 40mm in length, 20mm in width, and 6mm in thickness.12
two ends of theamples wer&rmly attachedising epoxywith two composite headss shown 13

in Figure 2 which were usedf the gripping of the DTT machine 14



Table 1 Rheologial Properties for Neat adodified Binders

Type of
AASHTO Control 4%SBS 6%SBS 8%SBS
Asphalt _ .
. Designation _ _ _ -
Ageing Original Original Original Original
R.V @135°C TP 48 0.462 1.182 2.148 3.759
R.V @165°C TP 48 0.112 0.286 0.523 0.71
. . N @82
G/ sin U TP 5 @70°C 1.73 oc 1.13 @88°C 0.86 @88°C 1.18
Ageing RTFO RTFO RTFO RTFO
. @82
G* [/ sin TP 5 @70°C 1.92 oc 1.96 @88°C 1.54 @88°C 2.42
Loss (%) <1 <1 <1 <1
Ageing PAV PAV PAV PAV
G*. sin TP 5 @28C 4735 @28°C 4782 @28°C 4120 @28C 3894
Creep Stiffness
P @-22°C 438 | @-22°C 456 @-22°C 478 @-22°C 510
(MPa) T313
Slop mvalue @-22°C 0.289 | @-22°C 0.269 @-22°C 0.278 @-22°C 0.262




Table 2 Rheological Properties of Hybrid Modified Binder

Type of asphalt AASHTO 4%SBS+1%PVC 4%SBS+2%PVC 4%SBS+3%PVC

Ageing Designation Original Original Original

R.V @135°C TP48 1.446 2.164 2.980

R.V @165°C TP48 0.362 0.427 0.76
G'/sin 0 TP 5 @82°C 1.12 @88 OC 2.32 @88°C 3.32
Ageing RTFO RTFO RTFO
G* [ sin TP 5 @82°C 2.34 @88°C 3.68 @88°C 4.32
Loss (%) <1 <1 <1
Ageing PAV PAV PAV
G* . sin TP 5 @28°C 4758 @28°C 4685 @28°C 4325

Creep Stiffness (MPa) 1213 @-22°C 460 @-22°C 524 @-22°C 576
Slop mvalue @-22°C 0.287 @-22°C 0.293 @-22°C 0.287




Heads for gripping

Sample 40 mm Epoxy adhesive

Figure 2.Samplefor DTT

1 Experimental test

All tests were performedn the INTERLAKEN Direct Tension tester (Fig. 3)nderthe
temperaturef 25°C. Thetensiledeformation (elongatiormatewas controlled at.01 mm/min
given the tensile force applied was controlled in the range of 40~1000&tarelax load 2N

until samples brokaway. Figure4 shows a broken sample aftaetest.

Figure4. A sampleaftertest
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3. Results
M The measurement of the stresstrain curve

Figure5 showsthe DTT results ofthe SBS modified mixeandthe control mixIt can be seen
thatthere is a positiveeorrelation betweethe ultimate tensile strengthnd the SBS addition
Meanwhile,a significantincreaseof the stiffness the initial linear elasticmodulus can be

noticed at th&SBS contents of 6 and 8%

1000 900
[ —E-0%SBS
900 - 800 —E—4%SBS
6%SBS
800 ¢ 700 7~ 8%SBS -
. 700 D . 600
« ©
o 1 o
2 =
w 600 w 500
] [}
2 o \
0 )
500 | 400 2]
400 —B—-0%SBS y 300
Fine aggregate B~ 4%3BS Coarse aggregate
300 6%SBS 20
—%7—8%SBS
2008 ‘ : 100 : :
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 06 0.8 1
Strain (%) Strain (%)

Figure5. DTT result of theSBSmodified mixtures

Figure6 compares the DTT results of the mixes modified uiiregpolymer mixtures of SBS
and PVC. It can be seen tHaath ultimate tensile strengtand moduludisplay a positive
correlationwith the PVC addition A projectedincrementcan be particularly noticedwhen

PVC content incresefsom 1% t02%.
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Figure6. The DTT result of theybrid-polymer nodified mixtures

Figure7 compares thaltimatetensile strengtffUTS) of all mixes It can be seen thahe
plastomerPVC, presents anoreactiveeffectthanthe elastomel$SBS becausehe slope of
the tensile strength vs PVC percentage@e than duble of thatvs SBS percentagéhe
other advantageof plastomersis their thermaldeformation resistanceomparedwith the
elastomes. Thehigh stiffnesof SBSat low temperaturevill makeits madified asphaltnixes
prone to craking. Fig. 7 also shows that polymer effect is mprenounced on the erse
aggregate concretéhe UTS displaces a positive correlation with the SBS and PVC content
on coarse aggregatencrete. Howevrdor fine aggregateoncrete, 6% SB§enerate an

optimumtensile strength.
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Figure?. Polymereffecton directtensilestrength

Figure 8 shows thappoximately estimatedesilient modulus whiclsimply takes the slope of

15t piece of lineof the piecewiseneasurementurvesin Figs. 5and6. It can be seen that both
SBS and PVQlemonstrate a positive correlation with the resilient modulus of the concrete, for
whichthe effect ofPVCis more pronounced on the fine aggregaiacrete.
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Figure8. Polymereffecton resilientmodulus

1 Toughness
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To obtain the optimum polymer mixture for asphalt concrete, in addition to the tensile strength
and modulus, the further evaluation is needed for its rheologiogkties. As aparameter
directly related tomaterial rheological characteristicdensile taghnessis a property
guantifyingthe energyabsorbingcapacityof a materialindergoingolastic deformationbefore
fracturing It is defined aghe absorbedor consumedenergy per unit volumef a material
beforebreals up. The total energy consists tifat absorbed by bothlasticdeformation and
plastic deformation which standsthe suface area under thstressstrain curvemeasured
directlyby DTT. So thetoughness can hestimated in term of thategrationbelow:

o _ ., Q- Eq. (),

where E; stand for thetoughnes$Jr 3), G is thestressapplied(kPg andUis the correponding

st r asisthemakimumstrainmeasuredeforesamplesstart tobreak In this study the J is
taken to bd %, a valuerecommended bihe reference [25pr deformatiormeasurementsing
contact strain gaug®wing to the low strainof asphaltconcretefailure is defined at around
1.0 per cent strainn addition,a norcontact laser technolodgr strain measurement adopted
by the testingnachineprovides more accacy than conventionalcontactstrain gaugeThe

latter could generatesignificanterrorwhen failure strainarelower than 3 percent.

Figure 9 showscalculatedtoughness according to thesults in Figs. @nd 6, which simply
takes the area undeach continuougiecewsecurve, respectivelyit can be seethatthe SBS
has abeneficialeffect onthe toughness of thmodified mixesbefore reach aontent of 6%

while PVC deterioratesoughness of miin a linear correlation
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Figure9. Polymer effect orthetoughnes®f mixes

Figure 10 presents a characterizatainthe combined effect of the SBS and PVC mixture
using aquadralic polynomialsurfacefunction Eq. (2),on thetoughness, tensile strength and
resilient modulus omodified asphalt concret&he characterization modelan be provide a

guiding tool for themix designfor differenttargetedapplicationsTable 3 listsout the fitting
parametersodo value.

Lod e o feike o @)

where Z sands forthe concrete propeess, toughness, tensile strength aesllient modulus, x
standghe SBS content (¥@nd y stand®VC content (%).
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Figure. 10. 3D characterization of the polymer effects

Table 3. The fitting ParametBata of the Eq. (2)

Property

Aggregate| Co a1

b1 Cc a

b
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