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ABSTRACT:

Recycled Asphalt Pavement (RAP) is the largest recycled
good inside the u. s. and eighty million tons ar recycled
yearly, saving taxpayers about $1.5 billion bucks. This
paper explores the possibility of utilizing 100 percent RAP
materials in asphalt pavement. Asphalt mixtures are
created at 135°C in a typical asphalt plant. However, at
135°C not all binder from RAP materials may not become
effective for coating aggregates. The main objective of the
study is to visualize the amount of effective binder
available from RAP inside the asphalt plant. The 100%
RAP combines have aged binder that can alter combine
designs and interaction with virgin binder. In this study,
to determine temperature cracking resistance and fatigue
performance, samples were prepared exploitation a 100
percent RAP mix with no virgin binder and a 100 percent
RAP mix with virgin asphalt binder to understand the
optimum binder content of the mix. Second, to determine
the effectiveness of binder from RAP materials,
compaction tests were performed by heating RAP
materials at various temperatures. It was found that 100%
RAP mixes cannot be attainable for field use if any virgin
binder is else to attain the optimum asphalt content.
Based on restricted take a glance at results, the low
temperature grade weren't within correct limits but the
beam fatigue testing results were acceptable. Based on
compaction take a glance at results, additional heating is
needed to extend the effectiveness of asphalt binder from

RAP materials.

I INTRODUCTION

Recycling of existing asphalt pavement materials to
produce new pavement materials results in
considerable savings of material, money and energy.
The specific benefits of recycling can be summarized
as follows: (a) substantial savings over the use of new
materials, (b) conservation of natural resources, (c)
performance equal or even better than new materials,
(d) pavement geometrics is maintained and (e) saving
of considerable amount of energy compared to
conventional construction techniques. The last
benefit is very important due to the recent urgent
need for reducing greenhouse gases that is, reducing
carbon footprint thereby earning carbon for India.

The Asphalt Recycling and Reclaiming Association
define five different types of recycling methods: (1)
Cold Planning (2) Hot Recycling (3) Hot In Place
Recycling (4) Cold-In-Place Recycling and (5) Full
Depth Reclamation. Only hot recycling of asphalt
pavements at a central plant will be discussed in this
article in the context of 4-laning and 6-laning of
India’s state highways and national highways wherein
road paving bitumen worth crores of rupees is being

buried rather than recycled

1JPRES

73


Gurmeet
Typewritten Text
73


INTERNATIONAL JOURNAL
.@ OF PROFESSIONAL ENGINEERING STUDIES

National Highways Authority of India (NHALI), there
are many projects of this nature which can save us
hundreds of cores. The one-time cost of modifying an
existing asphalt batch plant to do hot mix recycling in
India is only 20 lakhs rupees.

RAP (Recycled asphalt pavement) has become the
most common resource to produce new asphalt, and
is currently the most recycled product in the United
States. Recycling asphalt uses old resources to cut
cost and materials for new asphalt pavement. RAP is
being used more and more as technology with RAP
has increased. However, there are strict specifications
for RAP use which limits the amount that can be used
for each mix design. Recent surveys have shown that
the national average of RAP used in new mixes is
around 12% to 15%. The National Asphalt Pavement
Association (NAPA) has set goals to increase the
average RAP content throughout the country.
Objectives: The following are objectives of this
study.

Determine the performance of local roadways built
with typical RAP levels (less than 30 percent).

With the help of the asphalt industry, investigate the
activation of RAP asphalt in a plant setting.

Based on objective #2, investigate the extent of RAP
asphalt activation ina laboratory setting.

Develop high-RAP mixtures, and test them for low-
temperature performance.

Scope: To address the impact of using only recycled
asphalt pavement for future use, laboratory testing
was conducted to address the following questions:
The impact of 100% RAP on the Specific gravity to
further understanding of the aggregate and aged
binder.

The impact of 100% RAP on the resistance to load
responses through fatigue testing.
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The impact of aged binder along with the impact of
aged binder mixing with virgin binder.

The impact of preheating temperature of RAP
materials for proper mixing.

RAP VARIABILITY:

The FENIX Project (“Strategic Research on Safer
and More Sustainable Roads”) examines RAP
variability and mechanically characterizes the
properties of mixes with high-RAP content (Gonzalo
2009). A RAP variable analysis was conducted on
coarser and finer RAP samples. The coarser RAP
samples were shown to have a larger deviation from
the average gradation than the finer samples. For the
coarser RAP samples, it is proven that there is a
higher variability in asphalt content and particle size.
Figure 1-1 shows the extracted samples for the

coarser and finer RAP mixes.
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The FENIX project continues on and tests the
variability of mixes with 60% and 40% RAP with the

mean deviation and the mean deviation from the
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target value. Figure 1-2 shows the results from the
60%, 40% and a mix without RAP for asphalt
content. This figure shows that with increased RAP
content and the use of coarser RAP, the variability of
mixture grading and asphalt content increases. Due to
these findings, it is acknowledged that the ultimate
way to reduce variability in RAP mixes, is to separate

and stockpile each RAP in different material

fractions.’
041

0.35 1 [ Mean Deviation ~ @Mean Deviation from Target Value
~ 03
g
s 025 1
T
‘; 02 1
0
5 0.151
v
g 017

0.051

B | )
520 R0 S12R40 Without RAP
Types of Mixtures
Variability with 60%, 40% and no RAP mixes
(Gonzalo 2009)

Il LITERATURE REVIEW
Hansen (2013) was explained the use of RAP has
steadily increased throughout the country as it is
more understood and studied. Currently, over 80
million tons of asphalt is recycling yearly, which
saves about $1.5 billion tax dollars for new
construction. Many states restrict the use of RAP to
about 20 to 25% of the total mix by weight. As more
research is conducted, the amount of RAP used will

inevitably rise, until pavements with 100% RAP can
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be used exclusively. Until then, RAP usage is much

lower.

RAP in HMA paving mixtures per state

Average RAP Percent Average RAP Percent

RIS 2000 | 2010 | 2011 | 2012 — | 2009 | 2010 | 2011 | 2012
Alabama 19% | 259 | 219 | 22% | Montana
Alaska 5% | 3% | 13% | 8% | MNebrask
Arizona 13% | 5% | 11% | 14% | Mevada
Arkansas | 109 | 119% | 10% | 10% | Mew Hampshire
California | 10% | 19% | 9% | 16% | Mew Jersey
Colorado. [199% | 19% | 24% | 209 | New Mexico
Connecticut 159 | 179% | 139 | 21% | Mew York
Delaware | 20% | 20% 28% | North Carcling
Dist. of Columbia MNorth Dakota
| Florida | 24% | J4%, 27% | Ohio_
Georgia 11996 | 29% | 23% | 23% | Oldahoma
Hawail | 10% | 996 | 11% | 14% | Oregon
Idaho 6% | 10% | 23% | 28% | Pennsylvania
Tllincis 18% | 20% | 16% hm Puerto Rico
“Indiana 23% | 24% | 26%
lowa 12% | 179% | 14%
| Kenses 18% | 20% | 20% South Dakolta
Kentucky 0% | 9% | 99% | 10% | Tennessee
Loaisiana (18% | 18% | 18% | 10% | Texas
| Maine 13% | 149% | 159 | 15% | Utah
Maryland 19% | 21% | 24% | 22% | Vermont
Massachusetts | 14% | 14% | 11% | 16% | Virginia
Michigan 27% JEIETE O S L Washington
Minnesota % | 199 | 27% | 20% | West Virginia
| Mississippi 1169 | 179 | 169 | 19% | Wisconsin
Missouri 12% | 12% | 199 | 19% | Wyoming

NR = No Contractors Reporting

% = 0-9%

% = 10-14%

% = 15-19%

) = 20-29%

Al-Quid was explained the High-RAP mixes have
been thought to have adverse effects on moisture
susceptibility and indirect tensile strength (Al-Qadi
2009). To test this, binder from RAP was extracted
and mixed at 0, 50% and 100% aged binder with
extracted aggregate and virgin materials to replicate
the effect of aged binder on mix performance. Along
with the extracted binder, tests were used with 0%,
20%, and 40% RAP designs. One set for 20% RAP
and 40% RAP used RAP from the stockpile without
extracting the binder or aggregate. Nine total
samples were made and had a varying amount of
extracted binder from unknown, 0%, 7-8%, 15-16%
and 31-32% by weight. Table shows the nine
samples that were made for testing. The first sets of
tests were volumetric with air voids, VMA and VFA.
It is shown that air voids and VMA decreased with
the increasing amount of RAP but was not affected

by the amount of extracted binder in the mix.
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The VFA of the mixes looked to increase with the
increasing amount of RAP but there was not trend
with the increasing amount of extracted binder. The
complex modulus was then tested and it showed all
mixes with 20% RAP had similar results proving the
amount of extracted binder has no influence on the
results. However, with the 40% RAP, a higher
complex modulus is shown with the samples of no
addition of extracted binder compared to the samples
with the extracted binder. A higher complex modulus
tells us that there is a higher rutting resistance but a
lower fatigue cracking prevention.
Nine separate samples for Complex modulus

testing
RAP e
Pe " o Speeimen 1D | Apgregates Binider BinderTotal | Remarks
RS Rinder (%)
0%RAP | DI-SET AP- p s
V v N
design 0 irgin irgin NA
DI-SETAP- | Virgin and 20 g doka i
% RAP Virgin Unknown
i it \’lrgiu and 20% | Virgin and I
JSET 020 il 1% wark
0% RAP Riah e | recovered RAP | recovered ok
design DISET 30 | Virginand 20% | Virgin and 18 0%
20 | recovered RAP_| recovered | B working |
DI-SET 10 | Virgin and 20% | Virgin and 5.16 1004
0| wecoversd RAP| recovered | ¢ working
DESET AP | Virgin and 0% - e
a0 | RAP Virgin Unknown
Viegin and 40% | Virgin and
- (40 { 0% wi
A% RAP il 4 recovered RAP | recovered ; Herking
design DI-SET 50- | Viegin and 40% | Virgin and 814 0%
40 recovered RAP | recovered g working
DI-SET 100- | Virgin and 40% | Virgin and L 100
40 recovered BAP | recoversd gl meinL

Carpenter (2006) stated that the age binder that has
been recovered from RAP has been shown to be
more viscous with lower penetration values than that
of virgin binders. These physical effects are caused
from the chemical changes in the binder that occurs
during ageing. The viscosity is initially increased due
to the short term ageing during construction
evaporates the lighter oil fractions due to the hot
temperature. Next, during the in-service years, the
long term ageing occurs through oxidation of the

binder and results in water-soluble oxidation
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products that leach from the binder to increase the
viscosity further. As a result, more consideration
needs to be put in when RAP is introduced to a mix
and how further ageing during production can affect

the mix.

BARIACK, KATICHA AND FLINTSCH:
A following fatigue test with 100% RAP with and

without the addition of virgin binder was conducted
to determine the feasibility of use in the field . The
100% RAP had an asphalt content of 5.77% before
the addition of .5%, 1%, and 1.5% virgin binder by
weight. The mixes were tested at a constant strain of
400 micro-strain. A mix design was not conducted
to determine the optimum binder content for the
experiments. However, it shows that with additional
binder, the fatigue resistance increased with the
increase in virgin binder added. Figure 2-2 and 2-3
shows the comparison of 0% RAP and 100% RAP
with and without additional binder. The results show
that with additional binder, the 100% RAP mixture

still cannot perform to the same level as the 0%

RAP mix.
Fatigue testing for 0% RAP
LB+
A E
5 FEDE
* 3E-06
8 2506
& 25444
% 1E<06 | —0%RAP = (.0% Binder I
S E=05 —{*% R,A,P* ':|' f'"u Elﬂdﬂ' |
050 Lo RAP + 10% Binder |
10 100 1040 10600 100000
Number of Cveles
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Fatigue testing for 100% RAP (Boriack 2013)

EE06
§ =06 i =
o ——
B 4E-06 o
I
é [ — 100es BAP = 0.0% Binder |
r i £ B (|
= TEH6 | __ jo0s RAP + 0.5% Binder
1 E+06 I J0C%% AR ~ 1 0% Binder
agioo J [00%s AP + 153 Binder |
10 100 1000 10000

Number of Cycles

111 LABORATORY TESTING OF RAP
MATERIALS

Materials:
The RAP being tested is taken from Interstate 80,
and has been supplied from LL Pelling Company.
This RAP was mixed with PG 58-28 asphalt binder.
This binder grading was used as it is needed to
“double bump” the aged binder.
The materials should be selected by conducting
100% 1-80 RAP, Fractionation tests and Asphalt
Binder selected by PG Grading,VVolumetric tests.
Coarse Aggregate Testing:

o Apparent Specific Gravity (Gsa)

. Bulk Specific Gravity (Gsb)

. Bulk SSD specific Gravity

e Water Absorption
Fine Aggregate Testing:

e Apparent Specific Gravity (Gsa)

. Bulk Specific Gravity (Gsb)

. Bulk SSD specific Gravity

e Water Absorption
Specific gravity of Gmm of RAP materials evaluated
by using the AASTHO T 209 Procedure (Rice test),
Corelok Vacuum Procedure and Gmm Test
Procedures

. Gmb Testing
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Beam Fatigue Testing
. Constant Strain vs. Constant Stress
. Beam Compaction
. Loading Device
Environmental Chamber
Control and Data Acquisition System
PG-Grade Testing:
. DSR Testing
. RFTO Aging
. PAV Aging
. BBR Testing
Specimen Moulds
Loading Frame with Environment Chamber
Control and Data Acquisition System
Aged Binder Blending:
. Compacting Testing

. Indirect Tensile Strength Testing

IV TEST RESULTS AND ANALYSIS
Specific gravity test:
RAP was fractionated at the +16 sieve in hopes
for the volumetric tests to become acceptable
for the DOT regulations in the field. Specific
gravity had to be found using experiments.
Fractionation Gradation:

Resulting Gradation of Fractionated RAP

Fractionated RAP
Exas =i
RAP Matl | Recovered Agsrezate
Sieve Sizre
2% Rat. Miass Ret. 2% Rat.
1 172 inch 0.0% 0.0 0.0%%
1 mch 6.80%% 0.0 0.00%
34 inch 78T 0.0
12 inch 15.59% 50.9)
3/8 inch 10.59% 76.4]
Meo. 4 27.26% 410.3
Meo. & 19.13% 315.0
Mo 16 12.76% 2129
0.0%4 107.2
0.0% 51.6)
0.0%% 46.5
0.0% 17.2]
P 0.0% 109.2
Binder Content (34 4.18
Total Sampls Sizs (. 1437.3
%% of RAP Blend 100%
2% Removed/Left Over

Gradation of burnt off fractionated RAP
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RAP Binder Content:
Fractionated RAP binder content

Binder Content

1 4.30%

(=]

4.08%

= L]
g
i
[ ]
.
-

5| 4.16%

6| 3.99%
Average | 4.18%
Std. Dev. | 0.128841

Varying Binder Contents from Burn-off

Bmnder Content

Volumetric test results:

1JPRES
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The following properties can be determined from the

volumetric tests. The properties are VMA, VFA,

dust-Binder ratio and Film thickness.

Coarse Aggregate Results:

The following properties can be determined. Those

are bulk specific gravity (Gsb), apparent specific

gravity (Gsa) and water absorption.

Fine Aggregate results:

The following properties can be determined. Those

are bulk specific gravity (Gsb), apparent specific

gravity (Gsa) and water absorption.

Final Gsb, Absorption and Gsa results

Ge | AR

i

80 | LN

174

. Mix Design Results:

Mix Design results for an additional binder

Mixture Property

Specification

Tarzet Air Voids (%)

Optimum  Asphalt Content (%)

RAP (% Dry Mix Weight)

BAP (% Total Agzrezate)

Azz, Bulk Spec. Gravity ()

Max. Specific Gravity (Ges)

Binder Abs, (Py, % DWA)

Effective Binder (Py; %0 TWAL

Bulk Specific Gravity {(ms)

VMA (%)

VFA (%)

Dust-Binder Ratio

Film Thickness, um

Mix Design results for Optimum binder content
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Experiment 4 for 100% RAP Gmm
Mixture Property Value Specification
Toreet A Toids @9 = - Sanple Dy | Hs Ve | dem, Mot
Optimum Asphalt Content (%9) 3% - 0 AC gm
RAP (% Dry Mix Weight) 100.0% - 11 Weight | Bowd Bowl
RAP (% Tol Aegresate — = Bl 4 | m| o 6|
42z Bulk Spec. Cravity (Gs) 180 -
Max. Specific Cravity (Gum) 1313 - MMA | 45 | W0E Bk 83608 13
Binder Abs. (B %o DWA) i - The table shows the fourth experiment with new added
Effective Binder (B %0 TWM) e ~ binder at the same percentage by weight that they were
Bulk Specific Gravity {fmp) 47 - before burn-off.
VMA (%) 131 40% M Experiment 5 for 100% RAP Gmm
VFA (%) 138 W% - 30%
Dust-Binder Kafia = L Sample » Drv | HI0+Metsl | 3gz, o Metal . e
Film Thickness, um £.43 a0 - 130 D Weight Bovd bl fm
ML | 0| s TH1A Gl 13
e Gmm Test results: M4 S | 0 | s 53 541 1345 =
Gmm is known as the maximum theoretical specific m s | s | o - i i
gravity of the mix. 134
The Gsb and Gsa used for these experiments are Ll I I IS .
2.650 and 2.736, respectively. B || 3 L1
Experiment Load 1 and 2 for 100% RAP Gmm W6 | s | mi 3 7 £ .
e D | %AC Dry 0o + gz T Metal - Az, ” Above table shows the results for the fifth
Weight | MetalBowl bovl b experiment where off RAP was replaced with new
HMA1 || omen | 3 1558 binder at 5% by weight.
ma: | oa | o THA A3 13 e Corelok Experiment for 100% Gmm
HMA L1500 | 4 | Ml | T4 Wl 156
| o
HMA BIS0C | 46| Ml | IS i e Snmp]E B,g .’AEEI‘E!NE ‘mr
As is shown from the table, the Gsa for both
experiments is above Gsa should not be possible. D TrEighI! “ﬁghr Undervatey Qm Qm Q*E
Experiment 3 for 100% RAP Gmm ] 14 19334 1077153
Smple | % | Dy | HN+Meal | Az o Metal Aves 155651 2771
D ac|wam| wi | w7 e | ™) |may| W] WY 1063261
HMA 1 i 4 T 3§ 1343
B4 | s | s 03 i1 231 el I

Above table shows the same predicament with the

Gsa being too high.
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Graphs:
100% RAP Gmmno bumo £f
]
%
;' e, )
H""'«.,.n
L ]

100% RAP Gmm with aged binder (Experiment 1,2
and 3)

100% BAP Grum a frer humaoff

100% RAP Gmm with virgin binder after burn-off

(experiment 4 and 5)
. Gmb Test results

The average Gmb of each binder content

Sample ID A C B Gmn, Ave, Gaa
HL 413% 4922.4 29032 4977.8
HL 4 4920.1 29042 4972.9 2377
48933 4949
48649 28735 4877.7 1417
2.431
m, 5% 4865.0 28787 4877.0 1433
H, 53% 47928 28335 4798.7 1439
2439
Hl, 53% 47947 48034 1433

1JPRES
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0 y=-3282x+20116
3= 19992

400 430 500 550
HAC

Optimum Binder Content for 3.5% air voids
Beam fatigue Test Results:
Slab characteristics:
Slab air void contents

DryWt.| SubWt | SSDWt | Gmb Gmm | AirVoids
Samplz | 92635  Mild4 3035 1403 15369 321
Sampla] 93561 5664.1 95R93( 2435 23%69 403
Sampla } BTR3[ 51083 8RS0l 23400 2579 .78
Sampla4 B8999) 51785 §O51Y 2358 25369 707
Sample 58916 32037 §99R6[ 233 153369 .64

Beam characteristics:
Beam Air Voids, Height and Width

Sample Height Width Gmh Air Voids
1-1 482 56.5 2.359 7.00
1-2 484 66.4 2.363 6.85
1-3 48.3 60.4 2.351 7.33
2-1 482 £4.0 2.371 6.54
2-2 48.3 £4.9 2.378 626
2-3 48.5 592 2.364 6.80
3-1 48.7 58.0 2.350 7.38
3-2 48.7 60.5 2.371 6.56
3-3 48.5 49.6 2.349 7.41
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Beam Fatigue Results;
Beam fatigue Results

Volume V111 /Issue 3/ FEB 2017

first to see the plausibility of higher a accessible
upper temperature. After the BBR results, the DSR

was not deemed necessary due to the failing of the

BBR testing.
IA-100%RAP
Beam Microstrsin| Strain Wi | Initial Flexural Stiffness (hIpa)| Voids BBR Results:
1 800 0.0008] 1940 5760) 6.54%
[00% ERAF Mix Temperatura| m- Stiffnass
] 800 0.0008] 3940 5236| 7.38%
3 00| 00008 4380 4320(7.33% T
Mo ! 0.257 363
4 600 00006 13360 6488| 6.56%
E g00| 0.0006 5320 5507| 7.41% Bindear 0.244 448
4 600| 0.0008 13790 7237| 6.26% £ 0265 241
1 350| 0.00035( 147490 6156( 7.00% 0.274 217
g 330| 0.00035] 640410 7413 6.80% Optimum Bamder 12 0.245 314
9 350| 0.00033| 396420 6995| 6.85% 0251 107
JLLGE] * :I : B 3 1 3 -'
B 0.277 196
1000000 EBE M value
a a5
* B 4
00000 — ) | I
# 100% FAP Mix | M
B NCATconiro] Base s 0z
Power {100% RAP Mix) £ |
10000 Power (NCAT contro] Base! * s
y=580E-15x71Ef00 3
R*=9.29E-01 T i 1 1 .3 5 " 2
IJJJ e e e - F =
0.0001 Test Temparature )
== No Additiora] tender =% Oipimmem Finder Coment Tex Pasameser
Resulting Beam fatigue Curve
BBR m-value results for both 100% Rap mixes with
Percentage of fatigue resistance of NCAT control and without additional binder
0 i .
base vs. 100% RAP mix BER i
Stiffness
Strain lavel B00ps | 400ps | 200ps ! -
Parcent Change in Fatizue Life f34%| I1.3% -311% z
Z
PG-Grading: g 3
E
DSR results e
From the process of binder being aged, the chemical "
properties change, making the binder stiffer. This o
14 -12 -10 B E -4 -2
stiffness increases the higher PG-grade due to the Tt Temperaur: )
e Rl r— i — O R —. et e

need for higher temperatures to make the binder

viscous. Due to this knowledge, the BBR was tested

BBR Stiffness results for both 1005 RAP mixes with

and without additional binder
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e  Aged Binder Blending Results;
Compaction test results

Compaction height for different temperatures

Gyrations
Temperature
B 15 50 T8 94 125 151]
1 1402 1324 1287| 1168 1257 1244 1239
1mc
| 1404 131§ 1IB8| 1268 125§ 1247 1139
1 1388 1313 1377| 113§ 1247 1236 1229
135C
I 1388 131 1277 1257 1249 1236 1219
I 1367 1293 1357| 123§ 122§ 1217 1111
160C
I 1368 1284 1237 123§ 1217 111§ 1IL1

Compaction Heights

Compact ion Heght

Compaction height for each sample

Percent of Compaction for each recorded gyration

Crvrations
9§ o o w1y 14
“oCompaction Improvemant| -151%| -163% -L37% -L33% -136% -L30% -Ld46%
. Indirect Tensile Strength results:
ITS results for each preheating temperature
Height | Diameter | Force
Sample | (in) (in) (Th) ITS (psi) | Ave, ITS (psi)
110#1 2.590 3937 3260 203.6332
1922041077
11022 2.590 3937 2894) 180.7731
13521 1,380 3937 3243 103.483%
208.2149%36
13521 1574 3937 3388 112.9461
160#1 2330 3937 3748| 139.7341
224 3404413
16022 2535 3937 3274| 108.9465
1JPRES
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Indirect Tensile Strength

Average tensile strength results for each temperature
V CONCLUSIONS
The following are conclusions:
As can be seen throughout the results, the
100% RAP at the optimum binder content
tended to perform well. The 100% RAP
without any virgin binder had worse mix design
results than the optimum binder content along
with worse BBR testing results. It can be noted
that rejuvenators or polymer modifiers could be
a more economical choice for the RAP mix, as
a large amount of virgin binder was needed for
the optimum binder content.
Specific Gravity: After significant lab work
was done, it is safe to assume that the binder
content of the fractionated RAP varies
considerably. The first procedure for the Gmm
showed promising results, but it cannot be
confidently considered the solution due to the
varying binder contents. This is due to a
number of factors from how small the samples
are and the amount of binder that is within the
larger pieces. Even when the RAP is split into
smaller sieve sizes, the amount of binder in the
larger pieces influences the entire sample
greatly. Another factor that could be
detrimental to the results is the partial blending

that can occur due to the stiffer binder.
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Beam Fatigue Results: The beam fatigue
results for the 100% RAP show positive results
RAP usage.

Comparing results with the NCAT control base,

for a potential of higher

as discussed in the literature review, the results

look very similar with fatigue resistance. The

Volume V111 /Issue 3/ FEB 2017

more viscous binder in the RAP is mixed and
compacted, the increase in effective binder
allows for better coating of the aggregate.
Being thoroughly coated, the aggregate can
bond further, causes the specimen to have an

increase in tensile strength.

average number of cycles for each micro-strain Vii. Recommendations for Further Study: The
was taken from the NCAT results and objective of this research was to create a better
compared to the extrapolated results from the understanding of 100% RAP mixes, along with
100% RAP results. The NCAT results had a the pavement performance properties such as
higher amount of cycles for strains of 800 and fatigue resistance and tensile strength. These
400 micro-strain, but the 100% RAP far experiments were meant to find feasibility of
surpassed the NCAT for the magnitude of 200 being able to use 100% RAP mixes in the field,
micro-strain. to create a truly sustainable pavement. In an

iv. PG- Grading: Following the PG-grade effort to find this, the materials were identified
experiments, it is apparent that just adding along with mix designs to find the interaction
virgin binder does not soften the aged binder with aged and virgin binder, the fatigue
adequately enough for field use. The BBR resistance, and the potential mixing ability of
testing showed promising results for stiffness, RAP products.
but failed at the m-value for -6°C. Due to this, REFERENCES
DSR testing was not conducted but could be i.  Al-Qadi, I. L., S. H. Carpenter, G.L. Roberts, H.
safely assumed the higher temperature grade Ozer, Q. Aurangzeb, Investigation of Working
would be above 88°C. As mentioned earlier, Binder in Hot-Mix Asphalt Containing Recycled
rejuvenators or polymer modifiers may need to Asphalt  Pavements, lllinois Center  of
be used to soften the aged binder further to Transportation, Paper Number 09-1262, March
ensure promising results. 20009.

V. Aged-Binder Blending: The results shown il R. Hassan, Feasibility of Using High RAP
from the compaction test and the indirect Contents in Hot Mix Asphalt, Swinburne
tensile strength test, it is apparent that 100% University of Technology
blending cannot be assumed with the current iii.  Al-Qadi, I. L., S. H. Carpenter, Mostafa Elseifi,
preheating temperature that is used. Due to the Reclaimed Asphalt Pavement- A Literature
stiffer binder grade of the aged binder, a higher Review, lllinois Center for Transportation,
temperature is needed to soften the binder to Research Report FHWA-ICT-07-001, March
allow for proper blending. 2007

Vi. The results from the indirect tensile strength iv. E. Denneman, M. Dias, S. Malone, Y. Choi, E.
test also prove of better blending as the Woodall, R. Urquhart, Maximising the Re-use of
preheating temperature is increased. As the Reclaimed Asphalt Pavement: Binder Blend
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