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ABSTRACT

The recycling of asphalt shingles in flexible paesns has received considerable interests in
recent years due to economic, environmental, acéls@asons. The objective of this study was
to evaluate the effects of adding ground shingieguthe wet process on the binder rutting and
fatigue behaviors. The effects of Recycled AspBaihgle (RAS) on the binder rutting and
fatigue characteristics were investigated usingMiéiple Stress Creep Recovery (MSCR) and
the Linear Amplitude Sweep (LAS), respectively.rthar, the influence of adding ground
shingle on the binder chemical composition wasstigated in the laboratory using the Fourier
Transform Infrared Analysis (FTIR) and SARA fractianalysis performed using a thin film
chromatography. Based on the results of the exyatial program, it was found that the use of
RAS in the binder blends was associated with arease in the percentage recovery and a
decrease in the non-recoverable creep compliartiehvundicates an improved resistance to
rutting damage. In the other hand, results oLth8 test showed that an increase in RAS
content is associated with an improved resistandatigue cracking. This is the opposite of
what would be expected as the asphalt binder in RAS-blown, which is extremely stiff and
brittle as compared to the binder used in roadvpgieations. Further evaluation of the LAS
test with RAS-modified binders is recommendedaddition, analysis of the FTIR spectra
showed a slight increase in asphaltenes when RASngarporated into the asphalt binder. The
increase in asphaltenes was correlated to a slggliease in maltenes (saturates, aromatics, and
resins).

Keywords: Recycled Asphalt Shingle, Fatigue, Rugttiklultiple Stress Creep Recovery,Linear
Amplitude Sweep
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INTRODUCTION

The EPA estimates that each year around 11 miibos of asphalt shingles are disposed in
landfills in the United Staté%). Of this waste, ten million tons of asphalt siésgare the results
of construction and demolition (C&D) debris whileeomillion tons originate from asphalt
shingles manufacture(®). Recycling of asphalt shingles in flexible pavernséas received
considerable interests in recent years due to esmp@nvironmental, and social reasons. From
an economic perspective, the use of recycled assphialgle (RAS) reduces the consumption of
asphalt binder, a petroleum-based product, easetighosal cost of shingles waste in landfills,
and reduces energy consumption during processishgnamufacturing of virgin materials. The
disposal fee of waste shingles in landfills maycheas high as $90 to $100 per ton in the
neighborhood of large citi€8). From an environmental perspective, the use db R&duces
emissions of harmful by-products during processind manufacturing of virgin materials,
reduces consumption of virgin materials, and dishies consternation of public over emissions.

Current practices implemented in the recyclingsghalt shingles consist of dry blending
RAS with the aggregates before the asphalt birmladded to the batch similar to Reclaimed
Asphalt Pavement (RAP). Prior to use in hot-mighadt (HMA) production, mixed roofing
materials are loaded to the recycling facilitywditich non-shingle debris are removed from the
recycled material. RAS is then ground to a unifgamticle size ranging from 12.5 to 19.0 mm.
Currently, nine states allow the use of RAS orignmafrom manufacturer waste and in total, 28
states are in some stage of allowing RAS in hot-asghalt production at a content ranging from
5to 7.5%4). However, current practices of dry blending tefirasphalt shingles with the
aggregates before asphalt binder is added to tich bee often criticized due to the large
variability observed in the asphalt content of Rafl that the final Performance Grade (PG)
grade of the binder is not known.

In 2010, Elseifi and co-workers introduceda newrapph to recycle asphalt shingles in
asphalt construction in which RAS is ground toaifine particle sizes (more than 80% passing
sieve No. 200 — 0.075 mm) and blended with asyiuadter through a wet proc€gs. In the
proposed wet process, the ground recycled matsrdénded with the binder at high
temperature prior to mixing with the aggregatebe proposed wet process offers the potential
for a better control of the Superpave Performanaa& (PG) of the blend and
stimulateschemical and physical reactions takiaggin the blend. The idea behind the
proposed method was motivated by the successfutlieg of scrap tires in HMA using a wet
process to create what is commonly known as Asphhber (AR) or Crumb Rubber Modifier
(CRM). The use of RAS through the proposed wetgse is expected to act as a partial binder
replacement but also as a binder extender duestprésence of fillers, rubber, and fibers in the
processed RAS material. Initial test results shibthat the use of RAS modification would
generally improve or not influence the high tempaegrade of the binder but it may reduce
elongation characteristics of the binder at lowpgenatureespecially at high RAS contef@s
An optimum shingle content may be identified thdt improve the high temperature PG of the
blendwithout influencing the low temperature PGl binder.

The objective of this study is to build on PG testults by conductingthe necessary
rheological experiments to investigate the effe¢tadding ground shingle using the wet process
on the binder rutting and fatigue behaviors. Tifects of RAS on the binder rutting and fatigue
characteristicswere investigated using the Multiptieess Creep Recovery (MSCR) and the
Linear Amplitude Sweep (LAS), respectively. Furthibe influence of adding ground shingle
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on the binder chemical composition was investigatatie laboratory using the Fourier
Transform Infrared Analysis (FTIR) and SARA fractianalysis performed using a thin film
chromatography.

BACKGROUND

The EPA estimates that 170 million tons of C&D dglare generated every year with asphalt
shingles making up to 15% of this waste. While C&&bris have increased by 25% from 1996
to 2003, the recovery rate has increased from 28% during that periofF). However, the
recycling of asphalt shingles has trailed otherstattion components such as wood, concrete,
and asphalt mainly due to the low economic viapoit the recycling process. In recent years,
considerable attention was given in using RAS pha#t paving construction. This interest was
mainly driven by the continuous increase in thd cbgasphalt binder, which has experienced a
280% surge in the past eight yeé8}s

Asphalt shingles are the most popular roofing niatem the US making up to two
thirds of the residential roofing mark@). They are manufactured as two main ty{$s
organic and fiberglass. Organic shingles are camgof 30 to 35% asphalt, 5 to 15% mineral
fiber, and 30 to 50% mineral and ceramic-coatedes. Fiberglass shingles are the most
popular types and consists of 15 to 20% asphatt,1%% felt, 15 to 20% mineral filler, and 30
to 50% mineral and ceramic-coated granules. Wjidss fiber shingles have a fiberglass
reinforcing backing that is coated with asphalt amderal fillers, organic shingles have a
cellulose-felt base made with paper.Air blown a$fpisaypically used in the manufacturing of
asphalt shingles; this type of asphalt bindersahgieater viscosity and is more brittle than
regular asphalt binder used in HM20).

Use of RAS in Road Applications

While the interest in using RAS has increased aemeyears, a number of research studies
evaluated the use of this recycled material anchiisence on the mix mechanical behavior
since the late 1980s. Newcomb et al. (1993) etadiihe effects of RAS on the mixture
volumetrics and mechanical proper{ley. Results showed that the use of RAS at a coofent
5% had negligible effects on the mix laboratoryfpenance. At a content of 7.5%, the use of
RAS caused a softening of the mixture and therefeas not recommended. The mix resistance
to low temperature cracking was also reported tvedese with the increase in RAS content. The
authors also noted that the amount of moisturberrécycled material should be controlled to
avoid undesirable effects on the mix performanagtdd et al. (1995) evaluated the influence of
adding 5 to 10% of asphalt shingles on the meclhaproperties of asphalt mixtures as
compared to untreated mixg®). The use of RAS resulted in a decreased tertsdegth and
creep stiffness of the mixture but it improved thi resistance to moisture damage.

Maupin (2010) evaluated the use of RAS in the petida of HMA and a warm-mix
asphalt (WMA) in Virginia(13). In total, five mixes (three surface mixes and base mixes)
were produced and installed by three asphalt cctioirm Both mixes were sampled during
production and their performance was evaluatetlenaboratory. RAS content ranged from 4 to
5%; however, one surface mix was produced with F8% and 2% RAS. Laboratory testing
included volumetrics, rutting test using the Asplfdvement Analyzer (APA),fatigue test using
four-point flexural beam test, and grading of tivedler recovered through extraction. Results of
rut testing showed that the mixes would perfornstattorily on high traffic conditions.

Similarly, the mixes were expected to perform $ati®rily against fatigue failure. Testing of
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the recovered binders showed that the high temyrergrade of the binder was increased due to
RAS by one to three grades and that the low tenyoergrade deteriorated one grade on five of
the six mixtures. Maupin also reported that the afsthe ignition oven to estimate the binder
content in RAS yielded an over estimation of thehadt content by about 5¢43).

Use of Wet Process for Recycling of Shingles

Conventional practices of dry blending tear-offlapshingles with the aggregates before
asphalt binder is added to the batch are ofteitizetd due to the variability observed in the
asphalt content of RAS and the unknown final PGlgraf the binder. Elseifi et al. (2012)
introduced a new approach to recycle asphalt skésngl asphalt paving construction in which
RAS is ground to ultra-fine particle sizes and biesh with asphalt binder through a wet
proces§?). Table 1 compares the wet process to the dryegsom RAS recycling. Two
unmodified binders classified as PG 64-22 and P@&®ere blended with two contrasting
sources of RAS at a modification content rangimgnfrlO to 40% by weight of the binder.
Based on the results of the experimental prograenuse of RAS modification through the
proposed wet process was successful. It wouldrgiyp@nprove or not influence the high
temperature grade of the binder but it may redheddw temperature grade of the binder at high
RAS contents. As demonstrated in this study, d@mapmn shingle content may be identified that
will improve the high temperature grade withoutuehcing the low temperature grade of the
binder.

Results of the cigar-tube test showed that theoigsgeRAS content of 20% or less was
acceptable with levels of separation less than 28%high RAS content of 40%, stability and
workability of the blends will not be favorable givthe high level of separation. Using
Confocal Laser-Scanning Microscopy (CLSM), wax taisranging from four to eight microns
in size were successfully detected. However, wgstals were not detected in the RAS-
modified binder, which may indicate that the waxi@cales are absorbed by the RAS material.
Results of the High-Pressure Gel Permeation Chragnaphy (HP-GPC) showed that the
proposed wet method of modification produced asligcrease of the High Molecular Weight
(HMW) ( > 3000 Daltons) content in the preparechbdieat high RAS contents suggesting that a
fraction of the RAS binder contributes to the blg@ndperties.

TABLE 1 Comparison between the Dry and Wet Processgor Shingle Recycling

Dry Process Wet Process

RAS is added as an aggregate source similar to kK RAS is blended with the binder prior to production

Requires an additional bin at the plant Requireagitation tank
RAS + Virgin Binder PG grade is unknown PG grade can be measured prior to production

Commingling between virgin and aged binderis  Commingling at high temperature and under
incomplete agitation is improved

Overestimating level of blending can result inya dr Level of blending at high temperature and under
mix agitation is improved
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EXPERIMENTAL PROGRAM
Test Materials

The experimental program was designed to evaluateodified and RAS-modified asphalt

binder blends prepared using the wet process. dspbalt binders, classified as PG 64-22 and a
polymer-modified PG 70-22 according to the Supeepspecifications, were selected as the base
binders(Table 2). Two sources of RAS consistintgaf-off shingles from Texas and South
Dakota were obtained from C&D processing plant&SRnaterials were ground to anultra-fine
particle size distribution at room temperature gsirPulva-Siz& hammer mill with high

rotational speed of 9,600 rpm. The particle siz&ridution of the processed RAS was
characterized using laser diffraction. The proed4RAS samples were analyzed using a
Beckman Coulter Particle Size Analyzer (LS13 3289rated on a wet mode. Results of the
particle size analysis using laser diffraction shdthat the mean particle sizes were 85.5 um for
the tear off shinglesfrom Texas and 201.0 um fertéar off shingles from South
Dakota.Extraction results showed that the teaslifiglesfrom both sources contained24%
asphalt.

Asphalt binder blends of the virgin binders anduttra-fine RASwere prepared at
modification rates of 10, 20, and 30% by weighthef binder, Table 2. These modification
levels were selected based on the results of iganaltest program, which showed that these
contents kept separation levelsbelow 20%, whigssential to ensure workability and stability
of the blendg2). The blendswere prepared by mixing 500 g of dsbirader with the

corresponding content of RAS at a mixing tempegatirl80°C using a mechanical shear mixer
rotating at a speed of 1500 rpm for 30 minutes.
TABLE 2 Descriptions of the Test Materials
Binder RAS Content | RAS Source | Description
Abbreviation (%)
64CO 0 N/A Conventional PG 64-22 binder with nangjie
70CO 0 N/A Conventional PG 70-22 binder with nangjie
SD610 10 South Dakota PG 64-22 binder with 10% RAS
SD620 20 South Dakota PG 64-22 binder with 20% RAS
SD630 30 South Dakota PG 64-22 binder with 30% RAS
TX610 10 Texas PG 64-22 binder with 10% RAS
TX620 20 Texas PG 64-22 binder with 20% RAS
TX630 30 Texas PG 64-22 binder with 30% RAS
SD710 10 South Dakota PG 70-22 binder with 10% RAS
SD720 20 South Dakota PG 70-22 binder with 20% RAS
SD730 30 South Dakota PG 70-22 binder with 30% RAS
TX710 10 Texas 70-22 binder with 10% RAS
TX720 20 Texas 70-22 binder with 20% RAS
TX730 30 Texas 70-22 binder with 30% RAS
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Laboratory Testing

Multiple Sress Creep Recovery Test

The multiple stress creep recovery (MSCR) testeeaslucted in accordance with AASHTO TP
70-13 to evaluate the effects of RAS on the bimd#ing resistance. In this test, the dynamic
shear rheometer is used to apply a constant streas $or 1sec. followed by a 9-sec. rest period.
This test was introduced to characterize the binakting resistance at high temperatures. It was
reported to correlate well with the mixture ruttipgrformance as measured by accelerated
pavement testind4). It can also be used to determine the stressndepey of polymer

modified binders.Two performance parameters haea Baggested to evaluate the binder
performance at high temperature. The non-recole@bep compliance {Jy normalizes the

strain response of the binder to stress as follows:

Jor = for (1)

(o

where,

Jar = Non-recoverable creep compliance (1/kPa);

€nr = NON-recoverable strain at the end of the resogeand
o = constant stress applied in the creep phasesdest (kPa).

The percentage recovery at the end of the recqenigd is also calculated as follows:

g = 2194100 2)

€1
where,
.= percentage recovery,
g, = strain at the end of the creep phase (aftec},send
€10 = Strain at the end of the recovery period (afesec.).

For acceptable performance, it is desirable toauseder with a low, non-recoverable creep
compliance and high percentage recovery. AASHTO'0R3 introduced the graphical
presentation presented in Figure 1 to evaluatel¢teyed elastic response of the binder at high
temperature. AASHTO TP 70-13 also suggested ukmdpoundary line, defined by the
equationy = 29.371(xf***3as an indicator of the presence of elastomericification (15).

Figure 1 was used in this study to evaluate thecesfof RAS on the binder rutting performance
and on its elastomeric modification in case of R&222.Two replicate specimens were tested at
the high temperature grade of the base binder (a0W364°C),for each binder blend. All of the
binder samples were first short-term aged usindRibiéng Thin Film Oven (RTFO). Sample

geometry consisted of an 8-mm diameter and a 2inichkrtess.

Linear Amplitude Sweep Test

The current binder characterization for fatiguefgnance, as required by the Superpave PG
system, relies on the measuremenGdisin 6 which, at intermediate temperature, is required to
be less than 5000 kPa in order for the binder tavsfeasonable resistance against fatigue
cracking. Deacon et al. (1997) found t{@t|sin 6 had a satisfactory correlation with the fatigue
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resistance of thin (2 in. or less) asphalt-bounyeig16). Since then, researchers have
guestioned the validity of this parameter as #ti§ness-based and is measured under conditions
of low shearing straid7). The Linear Amplitude Sweep (LAS) test preditts binder’s

resistance to fatigue cracking by applying a cyldad using a linearly ramping amplitude sweep
tes(18).

60

50\

\ 1 Passing % Recovery
40

(]

3 30

O \
]

m /

S 20

Failing % Recovery

O T T T T T T T T T
0. 03 05 07 09 11 13 15 17 19 21
Jnr, kPa®
FIGURE 1 Evaluation of the Binder’s Delayed ElastidResponse from the MSCR Results

An Anton Paar MCR 302 rheometer with parallel pladaefiguration was employed by first
conducting a frequency sweep test to measure tti@nuaged properties of the binder. A test
temperature of 2& was maintained to represent the intermediatécsetemperature.RTFO-
aged binder was used with a sample geometry of 8marameter and 2-mm thickness. A
series of increasing oscillatory cyclic loads wiren applied on the sample to simulate the
damaged state. Results are used to fit a phendifiagigae performance model to the results as
described in Equation (3):

N¢ = A(Vmax)B 3)

where,
A, B = regression parameters; and
Vmax = the maximum expected binder strain for a givanement structure.

Fourier Transform Infrared Analysis

A Fourier Transform Infrared Analysis was perfornoedtwo asphalt binders shown in Table 2,
the polymer-modified binder (70CO) and the bindentd prepared with 20% RAS from Texas
(TX720). The analysis was performed using a TheBmentific Nicolet i50 FTIR + ATR
module. The purpose of the FTIR analysis waseatifly changes in the chemical composition
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of the binder when the RAS is incorporated. Spealily, changes to the asphaltene content
expected. To complement these results n order toassess the effect of incorporating Ron
the different SARA components of the asphalt bi, a thin film chromatography we
performed using an latroscan M.

RESULTS AND ANALYSIS
Multiple Stress Creep Recovery Te: Results

Figure 2 (a and b) presentgthariation of theaverage percemécovery and nc-recoverable
creep compliance with the increase in RAS contenthe asphalt blends withG 6«22 and PG
70-22 respectively. As shown inis figure,the increase in RAS content was associated
increase in the percentage recovery and a decre#se mol-recoverable creep compliat.
These are desirable characteristics as it wouldedse the rutting susceptibility of the binc.

It is also noted that the binder characteristiceaveggmilar fa both RAS source@.e., Texas and
South Dakota) However, all binder blends did not pthe binder’s delayedasticresponse set
by AASHTO TP 7013, even though PG -22 was polymer-modified.

60 OTX610 4 TX620 60 +70CO ©TX710
_ 50 50 ATXT20—<TXT30—
S 40 SD620 +SD630 2 10 *SD710 ®SD720
3 +64CO 2 SD730
(&)

o 30 S 30 -
o
- nd
X 20 N 20 A -
10 = 10 = A= &
O T T ‘ %I E T ?I O ! I I T T T
0.1 05 09 1.3 1.721 25 2.9 0.1 05 09 1.3 1721 25 29
Jnr, kPat Jnr, kPat
() (b)

FIGURE 2 Effects of RAS Modifications on theMSCR Test Resultsfor (a) PG 64-22
Binder Blends and (b) PG 7-22 Binder Blends

Linear Amplitude Sweep TestResults

Figure 3 (a and Presents the effects of RAS modificationsthe binder fatigue resistar as
predicted from the LAS testfdhe asphalt bleds prepared with PG 622 and PG 7-22,
respectively. Largemumber of cycles to failure ¥) indicate greateresistance to fatigu
cracking.These results imply tF an increase in RAS corresponds to anincreatiee number of
cycles to failure of theample, for both PG -22 and PG 70-22 base bindefhis is the
opposite of what would be expected asasphalt binder in RAS is abtown, which i
extremely stiff and brittle as compared to the binalsed in roadway applicationin a recent
study, he authors found that the RAS binders extracteu idferent recycling sources arou
the country were graded as PG 11- xx using the Superpave binder specification sys(19).
These results indicate that the LAS test may ndui@ble for chaicterizing RAS-modified
asphalt binders. Other researchers Ireported that the results of the LAS tewty require
further investigatiorbefore implementatioin order to consider both viscoelastic ¢
viscoplastic deformation in the data analy(20).
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FIGURE 3 Effects of RAS Modification on the LAS Te$ Results

Figure 4 (a and b) presents the variation of theectt Superpave parametfs*|sin 3, with the
increase in RAS contentfor the PG 64-22 and PGZ’buzder blends, respectively. It is noted
that these results were conducted 8€26n the RTFO-aged binder residue. As shown i thi
figure, the increase in RAS content was assochtttdan increase itG*|sin , which is
indicative of an increased susceptibility to faggtracking for the binder blends with RAS.
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FIGURE 4 Effects of RAS Modification on the|G*|sin 8 Superpave Criterion

Fracture Resistance of Asphalt Mixture

LAS test results were compared to the fracturestaisce of asphalt mixtures containing RAS
using the wet process. A 12.5 mm Superpave mixtaedesigned according to AASHTO R 35
while incorporating 20% RAS from Texas using thé pr@cesf1). The performance of the
mixture containing RAS and prepared using the wetgss was compared to two control mixes
with 0% RAS (70CO prepared with polymer-modified PG22 and 64CO prepared with
straight PG 64-22). Fracture resistance potewial assessed using the semi-circular bending
(SCB) approach asdetailed elsewligtg This test characterizes the fracture resistah&tMA
mixtures based on fracture mechanics principatscthical strain energy release rate, also
called the critical value of J-integral, Qtr J
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Figure 5 presents a comparison of the criticairsgaergy (J data for the mixtures
evaluated in this study. Higly alues are desirable for fracture-resistant megurAs shown in
this figure, the use of RAS caused a slight deer@athe critical strain energy for the mix
incorporating 20% RAS from Texas (70WT) as compaoetthe control mixture (70CO). This
was expected given that the RAS-binder modified HMkture possessed stiffer properties than
that of the conventional mixture. Given that thaoking resistance is mainly controlled by the
binder in the mixture, it is likely that the useRAS increased the brittleness of the binder at
intermediate temperature.

0.5
0.4
§ 0.3
g
=~ 0.2
0.1
0.0 ' :
64CO ~70CO TOWT
Mixture ID

FIGURE 5 Effects of RAS Modification on the SCB TesResults

FTIR Test Results

The Fourier Transform Infrared Analysis was perfedion the neat asphalt binder (PG70-22)
and the asphalt blend with 20% RAS from Texas (T®§72The purpose of the FTIR analysis
was to identify changes in the chemical compositibthe binder when the RAS is incorporated.
Specifically, changes in the transmittance intgnbands associated to the asphaltene content
were expected. The FTIR results are shown on EiguiAs shown in these results, there were
no significant differences in the spectrums of tieat and RAS modified binders. However,
small increment can be observed on the 1400" amd 900 crif spectrum bands when the
change to the reference line is considered.

To further evaluate the effects of incorporating&Rén the different SARA components
of the asphalt binder, a thin film chromatographymeans of latroscan, was performed.
Results, which are shown in Table 3, show a sliggrease in asphaltenes when RAS was
incorporated into the asphalt binder. However miuge significant change can be attributed to
the aromatics and the resins. It appears thattivélaging process, the aromatics have decreased
and changed to resins, which are very similar mgasition to asphaltenes.The previous
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changes were verified by analyzing the FTIR spexssociated with the asphaltenes for each of
the binder samples. A slightly lower intensity e tspectrum bands associated with the
asphaltenes in the neat binder suggests an inareasphaltene content when incorporating
RAS. The increase in asphaltenes is also corretataglight decrease in maltenes (saturates,
aromatics, and resins).

100 —
95 - ‘ r
90 -
S 85
3 80 -
c
g 75 g
5 70 -
S
= 65
60 - ( —70CO
—TX720
55 -
50 T T T T T T T
3900 3400 2900 2400 1900 1400 900 400
Wavelenght (cm?)
FIGURE 6 FTIR Spectra for Analyzed Binders
TABLES3 latroscan SARA Fraction Analysis
SARA Fraction(%) 70CO X720
Value Difference
Saturates 5.58 (0.5%) 5.23(0.59) -0.35
Aromatics 55.75 (0.64) 52.27 (0.9) -3.48
Resins 24.18 (0.42) 26.77 (1.23) 2.59
Asphaltenes 14.69 (0.69) 15.73(0.69) 1.04

(*) The values in parenthesis correspond to thedsted deviation associated to the
individual measurements for each fraction.

SUMMARY AND CONCLUSIONS

The objective of this study was to evaluate thea# of adding ground shingle using the wet
process on the binder rutting and fatigue behavidige effects of RAS on the binder rutting and
fatigue characteristics were investigated usingMiéiple Stress Creep Recovery (MSCR) and
the Linear Amplitude Sweep (LAS), respectively.rthar, the influence of adding ground
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shingle on the binder chemical composition wasstigated in the laboratory using the Fourier
Transform Infrared Analysis (FTIR) and SARA fractianalysis performed using a thin film
chromatography. Based on the results of the exyastial program, the following conclusions
may be drawn:

The use of RAS in the binder blends was associaittdan increase in the percentage
recovery and a decrease in the non-recoverable caapliance, which indicates an
improved resistance to rutting damage.

Results of the LAS test showed that an increa$&N8 content is associated with an
improved resistance to fatigue cracking. Thidhesdpposite of what would be expected as
the asphalt binder in RAS is air-blown, which igrerely stiff and brittle as compared to the
binder used in roadway applications. Further eatédn of the LAS test with RAS-modified
binders is recommended.

Analysis of the FTIR spectra showed a slight insesia asphaltenes when RAS was
incorporated into the asphalt binder. The incréasesphaltenes was also correlated to a
slight decrease in maltenes (saturates, aromaticktesins).
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