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Abstract: One of today’s most important societal concepts is sustainability. This ideal can be described
as meeting the needs of the present without compromising the ability of future generations to meet their
own needs. Hot mix asphalt (HMA) recycling produces an eco-friendly mixture known as Reclaimed
Asphalt Pavement (RAP). The main objective of this paper is to determine the effect of RAP percentage
usage on the characteristics and properties of asphalt concrete mixtures. In this paper, a detailed
laboratory study is carried out by preparing asphalt mixtures specimens using aggregate from Al-Nibaay
quarry, (40-50) grade asphalt from dourah refinery and four different percentages of RAP material: 0%,
5% <10%, and 15%. The experimental testing program included four point repeated load and Indirect
Tensile Strength tests. The experimental results indicate that, that the inclusion of RAP materials
improves fatigue properties of HMA mixtures; fatigue life (Ny) at RAP content of (% 15) increases by
(157.1%), (100%), and (150%) at testing temperature 25, 10, and 40°C respectively. Based on the
modified Lottman test, it was found that HMA with RAP additive had a high resistance to moisture
damage through increasing the indirect tensile strength of such mixtures. The results of four point
repeated load test and IDT test indicate that the amount of new binder that needs to be added to the RAP
mixture can be reduced without significant effects on the quality of the produced mix.

Keywords: HMA, Recycled Asphalt Pavement (RAP), Marshall Properties, Indirect Tensile Strength,
fatigue life
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1. Introduction

Meeting sustainability requirements in asphalt concrete pavements generally requires
the process of recycled materials or the employment of energy saving technologies. The
most common form of energy saving technology readily available to asphalt producers
is warm mix asphalt (WMA) as discussed by [5].

The produced materials during roadways maintenance and rehabilitation of existing
asphalt pavements or from utility cuts across the roadways which were necessary to
gain access to underground utilities are usually known as Reclaimed Asphalt Pavements
(RAP), which is normally created when existing asphalt concrete surfacing or crushing
materials resulting from old asphalt pavements removal. Since most of roadways are
constructed using high-type bituminous pavements, RAP materials, if properly
processed, will consist of superior, well-graded asphalt coated aggregates which can be
used in a number of highway construction applications. Use of RAP material in asphalt
mixes helps in reducing costs, protects asphalt and aggregate resources, and limits the
amount of waste material going into landfills [6].

There are five recycling methods as defined by the Asphalt Recycling and
Reclaiming Association: cold planning, hot recycling, hot in- place recycling, cold in -
place recycling, and full depth reclamation. Hot recycling, the focus of the present
study, combines RAP with virgin asphalt and/or aggregate to produce HMA. Either a
batch or drum type hot mix plant may be used to produce the recycled mix, and the mix
is placed and compacted in the same way as virgin HMA [7].

In the United States, and for the time being, the average percentage of RAP
recommended to be added in HMA is about 12%. Less than half of state DOT use equal
or less than 20% RAP. Referring available states specifications 30% RAP in HMA
represents the upper accepted limit. The effect, therefore, of RAP on pavement
performance is of tremendous importance and is receiving much attention as evidenced
by numerous recent publications on the subject, reference to a journal publication [4].

Kennedy and Perez [13], and Kennedy and McGanus [14], evaluated and compared
fatigue performance of asphalt concrete with RAP. Fatigue properties were evaluated by
the repeated load in indirect tension test. Longer fatigue lives were found for the
recycled mixtures than for the conventional mixtures. Reference to conference
proceedings [15], also reported that recycled mixtures exhibit very good fatigue
characteristics. However, (Whitcomb et al, 1981) stated that conventional mixes have
better fatigue properties than the recycled mixes.

Gardiner and Wagner [9], used the tensile strength ratio (TSR), ratio of
unconditioned tensile strength and moisture-conditioned tensile strength, to evaluate
moisture sensitivity. They showed that the inclusion of coarse RAP decreased moisture
susceptibility.

Reference to conference proceedings [8], published data for the relationship between
Marshall Stability and proportion of reclaimed material indicated that Marshall Stability

179



Journal of Engi ing and S inable Develop Vol. 21, No. 01, January 2017 www.jeasd.org (ISSN 2520-0917)

iIs somewhat higher for mixes with higher proportion of reclaimed material content.
However, the Marshall quotient was similar for all mixtures.

Intisar M. J. [11], concluded that RAP materials are not suitable to be used in cold
mix alone as base materials without certain process or treatment to improve their
characteristics.

2. Objectives

Experimental Evaluation of fatigue cracking and moisture susceptibility
characteristics for local surface HMA mixtures containing different percentages of
screened RAP that meet the Iragi specification [12] throughout a designed experimental
program.

3. Materials And Testing Methods
3.1. Materials

Selected materials to be used in this study are locally available and currently used in
road construction in Iraq.

3.1.1. Asphalt Cement

The asphalt binder used in this study with penetration grade of (40-50) was supplied
from Daurah refinery plant. Which is a local asphalt binder producer. The physical
properties of the asphalt binder are presented in Table 1.

Table 1. Physical Properties of Asphalt Cement.

a e
Test Unit AsTM  SCRB' Specifications,  poo o
2003
Penetration (25°C, 100g, 5sec), 1/10 mm D5 40-50 47
Ductility (25°C, Scm/min) Cm D 113 >100 164
Flash point °C D 92 >232 259
Specific gravity D70 1.041
Absolute Viscosity at 60°C (*) Poise D 2171 2065
Kinematics' Viscosity at 135C (*) C st D 2170 370

(*)The test was conducted in Dourah refinery
2: State Commission of Roads and Bridges [12]

3.1.2. Aggregate

Natural fine and crushed coarse aggregates are used in this research. The source of
aggregate is from Al-Nibaay quarry in Taji, north of Baghdad. To produce identical
controlled gradation, aggregates were sieved and recombined in laboratory to meet the
wearing course gradation as required by Iraqi specification [12]. The gradation, physical
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and chemical properties for the aggregate are shown in Table 2, Table 3, Table 4 and
Fig.1.

Table 2. Combined Gradation of Aggregate and Mineral Filler for Wearing Course.

Sieve Size Sieve Opening, Percentage passing by Weight of
mm total Aggregate
Specification Limits [S.C.R.B] Mid-Point Gradation
3/4" 19 100 100
172" 12.5 90 - 100 95
3/8" 9.5 76 - 90 83
No.4 4.75 44 - 74 59
No.8 2.36 28-58 43
No.50 0.3 5-21 13
No0.200 0.075 4-10 7

Table 3: Physical Properties of Al-Nibaay Aggregates.

Coarse Aggregate Fine Aggregate
Property ASTM ASTM
Result Designation [3] Result Designation [3]
Bulk Specific Gravity 2.632 C 127 2.629 C 128
Apparent Specific Gravity 2.670 C 127 2.69 C 128
Percent Water Absorption 0.433 C 127 0.642 C 128
Percent Wear (.Los-AngeIes 20.2 C 131 C 131
Abrasion)

Table 4. Chemical Composition of Al-Nibaay Coarse Aggregates

Chemical Compound Content, %
Silica, Sio2 82.52
Lime, CaO 5.37

Magnesia, MgO 0.78
Sulfuric Anhydride, SO3 2.7
Alumina, Al203 0.48
Ferric Oxide, Fe203 0.69
Loss on Ignition 6.55
Total 99.09

Mineral Composition
Quartz 80.3
Calcite 10.92

* The tests were done in cooperation with National center for construction laboratories
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Figure 1. Specification Limits and Mid-Point Gradation of SCRB [12] for Wearing Course Layer.

3.1.3. Mineral Filler

Two types of mineral fillers (ordinary Portland cement (OPC) and hydrated lime) are
used in this study.

3.1.4. Rap Material

The RAP material was collected from Al-Adel neighborhood in the west of Baghdad
city, the capital of the Republic of Irag and its asphalt content was found to be 4.6 %
with penetration grade of (40-50). The top 50 mm of the asphalt layer was removed and
collected from the damaged surface of pavement layer. The collected RAP was milled,
sieved and recombined in predetermined percent with new aggregate and new asphalt
grade (40-50). Two types of RAP were used in terms of fraction: coarse RAP and fine
RAP. Fig.2 represents the gradation of recycled asphalt pavement used in this study.
Plate 1 shows samples of Recycled Asphalt pavement.

—&— Selected Limit of RAP

—o— Min. Limit

—#&— Max. Limit

Percent Passing by Weight of Aggregate, %

Sieve Size, mm

Figure 2. Specification Limits and RAP Gradation of SCRB [12] for Wearing Course Layer.
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(a) | (b)

Plate 1. Samples of the Recycled Asphalt Pavement.  a) Fine RAP  b) Course RAP

3.2. Mix Design

The Marshall Mix design method was employed to determine the optimum asphalt
content (O.A.C) for the mix with zero RAP percent. The optimum asphalt content for
HMA mixture with 0% RAP was found to be 4.8%.

3.3. Methodology Of Adding Rap

Virgin HMA mixtures were mixed with three different percentages of RAP (5, 10,
and 15) % (by weight of total mix) .

First the fractionated RAP obtained from Al-Adel neighborhood is dried to make it
workable and to mix it with the virgin materials. The RAP is heated to a temperature of
110°C (230°F) for a time of no more than 2 h. In this study the RAP was fractionated
into coarse RAP (+4.75 mm) and fine RAP (—4.75 mm).

Half of the weight of RAP selected to be added to the virgin HMA was coarse RAP
and the other half was fine RAP.

When batching out the RAP aggregates, it is important to remember that part of the
weight of the RAP is binder. It is necessary to increase the weight of RAP and decrease
the amount of new binder added to take the presence of this RAP binder into account.

3.4. Specimens Preparation
3.4.1. Marshall Specimens

The aggregate is first dried to constant weight at 110 °C, separated into desired size
and recombined with mineral filler in order to meet the required gradation for each
specimen .The aggregates are heated to a temperature of 175 to 190 °C, the compaction
molds assembly and hammer are cleaned and kept pre-heating to a temperature of 100
to 145 °C.

In the case of mixture with the different percent of RAP (5, 10, and 15 %), the RAP
is added to the HMA mixture in the method described above. The asphalt is heated to
temperature of 121 to 138 °C and the required amount of asphalt is added to the heated
aggregate (and for heated aggregate with heated RAP) in the mixing bowl and
thoroughly mixed until the aggregate completely coated. The mix is placed in a
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preheated mold and it is then spaded vigorously with a heated spatula or towel 15 times
around the perimeter and 10 times over the interior.

The temperature of the mixture immediately prior to compaction temperature (142
to 146 °C) and compacted with standard number of blows (75) on each face with the
mechanically operated compaction hammer (Marshall Hammer) with free fall 18". In
order to prevent distortion, the compacted specimen in the mold is left to cool at room
temperature for 24 hours and then it is removed from the mold.

3.4.2. Beam Specimens

In order to study the fatigue characteristics of the RAP mixtures, asphalt concrete
beams samples are prepared. The standard beam dimensions are 15 inch (381.0 mm)
length, 3 inch (76.2 mm) width, and 3 inch (76.2 mm) height made of wearing layer.

To represent the wearing surface layer, an asphalt beam weights (5199 gm.) of
asphalt mixture is prepared with (0, 5, 10, and 15) % RAP content. The aggregate,
asphalt, and RAP are heated prior to reach adequate mixing temperature and mixed
together in hot mixing bowel by hand on hot plate until homogeneity reached, then the
hot bowel with the hot mix is stored in the oven for 30 min. at 150°C. The mixture was
spread uniformly and spaded vigorously in the iron mold with a heated spatula after the
internal surfaces of the mold are oiled, and a sheet of aluminum foil is placed on the
base of the mold to prevent the mixture from sticking. The beam was compressed by
static Compression Machine with (30kN) capacity applied to steel plate that covers
the asphalt mixture to apply uniform load. The applied pressure was maintained
at (30kN) for 3 minutes at 120°C to achieve the desired bulk density as in
Marshall specimen and the load was released slowly. The mold was left for 24
hours and then the beam was extruded from the mold.

3.5. Test Methods

The flow chart shown in Fig.3 is clearly describes the experimental tests design.

3.5.1. Moisture Susceptibility Test

The moisture susceptibility test evaluates the effect of saturation and accelerated
moisture conditioning on compacted HMA samples utilizing freeze-thaw cycles
according to standards [1], “Resistance of Compacted Bituminous Mixture to Moisture
Induced Damage”. Marshall Specimens were used to evaluate the compacted RAP
mixtures. The ITS test was performed on three dry specimens and three conditioned
specimens. The unconditioned (dry) samples were placed in a Plastic bag to prevent
water leakage into the sample. The specimens were then placed in a water bath
for 2hours £ 10 minutes at 25+0.5 °C (77+1F) . The specimens were removed from
water bath and the indirect-tensile strength was measured.
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Figure 3. Flow Chart of Experimental Work

The conditioned samples were divided into two subset. The first subset were placed
in a vacuum container filled with potable water at 25°C for 1 hour = 10 minute as shown
in plate 2. After vacuum conditioning, the samples were immersed in water bath at 25 +
0.5°C for 10 £ 1 minute. The specimens were removed from the water bath. After that
the ITS was conducted on the samples and the tensile strength ratio (TSR) was
calculated by dividing the average IDT strength of the conditioned saturated only
subset by the average IDT strength of the unconditioned subset. While, the second
subset was subjected to vacuum saturation followed by the freeze-thaw cycle, and then
tested for IDT. The vacuum saturation process was the same as that described for
conditioned saturation only.

Each specimen after vacuum saturation was covered with a Plastic bag and kept in
the freezer at a temperature of -18+3°C (0£5°F) for a minimum of 16 hours.
After the freeze-thaw cycle, specimens were transferred to the water bath at
60+£1°C (140£2°F) and the plastic bag was removed from the specimen as soon as
it was placed in the water bath. The remaining process was the same as that
described for the first subset.

2 Pult
nttD

ITS=

)

Where:

Pult= Ultimate load up to failure (N).

t = Thickness of specimen (mm), and

D = Diameter of specimen (mm).

While the tensile strength ratio (TSR) is calculated as follows:

TSR = ITS of Conditioned Subset
ITS of Unconditioned Subset

)
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Plate 2. Samples Conditioning and Testing

* The tests were done in cooperation with National center for construction laboratories

3.5.2. Pneumatic Repeated Load Test

Pneumatic repeated load system (PRLS) apparatus was used to test the repeated
flexural bending of RAP mixtures reference to thesis [2], as shown in Plate 3 and Fig.4.
The purpose of using four points loading test was to estimate cracking potential in the
flexural beam fatigue test. The number of cycles (fatigue life) that caused complete
failure of the beam was considered as an indicator of fatigue cracking potential [10].

The details of the factorial variables in the experimental design of the flexural beam
fatigue test includes a Stress Level of 5 psi which was selected as a target control stress,
loading time of 0.1second and rest period of 0.4 second and the flexural deformation at
the central third of the specimen is measured under each load repetition, as recommend
by Huang [10]. A range of stress was selected so that the specimens would fail within a
range from 100 to 100,000 repetitions. The specimen is left in chamber for one hour at
testing temperature (10, 25, and 40) to allow uniform distribution of temperature within
the specimen and its position of applied loading is checked exactly, as shown in Figure
(4). Two digital cameras have been used: one to record the deflection at mid span of the
beam until failure with a dial gauge, and the second to monitor the crack evolution
during the test. Then, the recorded data is analyzed for finding strain at any number of
cyclic desired for each specimen.

L=300mm

15 inch (381 mm)

Plate 3. Pneumatic Repeated Load Device Figure 4. Four Point Loading Test

*The test is carried out in Civil Engineering Department at Baghdad University in the Laboratory of Transportation
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4. Results And Discussion
4.1. Moisture Susceptibility Test Results

The AASHTO T 283 test procedure [1], is used to evaluate the resistance of the RAP

mixtures to moisture damage. The specimens were loaded using Versa-Tester until
failure at a rate of 2 inches per minute (50.8 mm per minute). Two types of data were
obtained from this test. The first was the indirect tensile strength (ITS) of the dry and
wet conditioned specimens. The second was the tensile strength ratio (TSR). The
indirect tensile strength (ITS) is a measure of the strength and durability of the asphalt
mixture, whereas the TSR ratio is a measure of its resistance to damage from freezing
and thawing [17].
Fig.5 shows result of the ITS test for unconditioned RAP samples prepared with two
different types of filler (Ordinary Portland Cement (O.P.C) and Hydrated Lime).
Generally the results which are average of three samples show that the addition of RAP
in HMA improves the tensile strength values compared with the control mixture for the
two types of filler.

Fig.6 and Fig.7 show results of the ITS test for conditioned RAP samples with
saturation only and saturation plus freeze and thaw cycle respectively. It is noticeable
that the inclusion of RAP material improves the tensile strength for the two types of
filler, but the addition of hydrated lime as anti-stripping agent has a beneficial effect on
the mixture with regard to moisture-damage resistance, particularly with saturation
conditions and saturation plus freeze and thaw condition. When lime is added to hot
mix, it reacts with aggregates, strengthening the bond between the bitumen and the
stone. At the same time that it treats the aggregate, lime also reacts with the asphalt in
the mix to form water-soluble soaps that promote stripping. When those molecules react
with lime, they form insoluble salts that no longer attract water, reference to report [16].

In addition, the dispersion of the tiny hydrated lime particles throughout the mix
makes it stiffer and tougher, reducing the likelihood the bond between the asphalt
cement and the aggregate will be broken mechanically, even if water is not present.

—@®— O.P.CFiller Hydrated Lime Filler

1800
1600 _
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800

600
0 5 10 15

RAP Content, %
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Figure 5. ITS of Unconditioned Subset Using Two Different Types of Filler.
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Figure 6. ITS of Subset Conditioned with Figure 7. ITS of Subset Conditioned with
Saturation Using Two Different Types of Filler Saturation Plus Freeze-Thaw Cycle Using

Two Different Types of Filler

Fig.8 and Fig.9 illustrate tensile strength ratio for both control and RAP mixtures. It
can be illustrated that mixtures containing RAP provide higher TSR than control
mixture after saturation conditioning and the all values are located within the
specification. After Saturation Plus Freeze-Thaw Cycle, the RAP mixtures endure better
resistance to the action of water than virgin mixtures. This is attributed to the fact that
RAP contains hardened asphalt that became more viscous as time passes. Thus,
mixtures with more viscous materials will perform better under tension, which will lead
to smaller reduction in tensile strength when exposed to severe conditions of high
temperature and moisture. The highest TSR is obtained when hydrated lime filler is
used thus, adding hydrated lime as a filler to the RAP mixture can enhances the
moisture susceptibility for all studied conditioning periods.

H O.P.CFiller Hydrated Lime Filler H O.P.CFiller Hydrated Lime Filler
136.0
150.0 135 1266 1317 100.0 07 825
741 769
80.0
100.0 82.4 83.8
X 76.4 78.0 X 60.0 126.4 48.7
5‘; g 41.4 43.0 ’
= 500 400
20.0
0.0 0.0
0 5 10 15 0 5 10 15
RAP CONTENT, % RAP CONTENT, %
Figure 8. TSR Results for RAP Mixtures Figure 9. TSR Results for RAP Mixtures
Conditioned with Saturation only Conditioned with Saturation Plus Freeze- Thaw
Using Two Different Types of Filler. Cycle Using Two Different Types of Filler.

4.2. Fatigue Life (Four Point Repeated Load) Test Results

Fatigue performance of the flexible pavement is commonly used in investigations
using a correlation of its performance from the laboratory testing. Experimental
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approaches used to inspect its behavior in the laboratory is the phenomenological
approach. In this approach, the fatigue performance is shown as the relationship
between the strain induced in the central part of the beam sample in an asphalt mixture
and the number of load repetitions.

Fatigue life is defined as the number of cycles corresponding to a 50 percent
reduction in initial stiffness; initial stiffness was measured at the 50 load cycle [1].

A user defined stress level was applied to the 36 prepared beams at 5 psi such that
the specimen will undergo a minimum of 100 load cycles with (loading time of 0.1 sec
and a rest period of 0.4 sec.) and at three testing temperature are selected to be; 10°C,
25 °C, and 40 °C. During each load cycle beam deflections were measured at the center
of the beam to calculate maximum tensile stress, maximum tensile strain, phase angle,
stiffness, dissipated energy, and cumulative dissipated energy.

_ 3aP

~ wh? (3)

Where

o= Maximum Tensile Stress, psi
P=load applied by actuator, Ibs.
w= width of beam, in.

h= specimen height, in.

12hé
€= 3L2-4a? (4)

Where

e¢= Maximum Tensile Strain, psi

6= maximum deflection at center of beam, in.
a = space between inside clamps.

L = length of beam between outside clamps.

s== (5)

Where
S = Flexural Stiffness, psi

® = 360fs (6)

Where

@ =Phase Angle, deg

f = load frequency, Hz

s = time lag between Pmax and dmax, sec.

wi=0.25 & S sin(®D) (7)

Where
wi = energy dissipated at load cycle I, psi,
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€l = strain at load cycle I,
Si = stiffness at load cycle I,
®i = phase angle between stress and strain at load cycle i.

The end of test is defined by fracture of the sample and the rate of crack propagation
in the laboratory is faster because the initial dissipated energy per cycle is high (Pell,
1963).

Fig.10, 11, and 12 show the relationship between the number of repetitions to failure
and RAP content; 0%, 5%, 10%, and 15% subjected to three testing temperatures; 10°C,
25 °C, and 40 °C. In general, it can be noticed that, when the testing temperature
increases the fatigue life reduces. This can be related to the decrease of sample stiffness.
However, it can be noticed that increasing the percentage of RAP resulted in a higher
fatigue life when compared to the control mixture. (Mix stiffer but smaller load levels,
similar to highway conditions, would generally reduce the fatigue life of mixtures). This
behavior was explained by the fact that with an increase of RAP percentage, more
rejuvenators or softer binder are added to the mix—resulting in a softer mix. For same
reasons, the RAP mixes showed at least similar or better fatigue resistance than mixes
without RAP.

10%R@10C 15 % RAP 5% RAP 0% RAP
100000
2
Z 10000
E
E 1000
(=W
&
€ 100
o
S 10
=2
1
0 5 10 15 20 25 30

FLEXTURAL STRAIN, MM/MM

Figure 10. Effect of RAP Content on Nf at Stress Level 5 psi and Testing Temperature 10 °C.
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Figure 11. Effect of RAP Content on Nf at Stress Level 5 psi and Testing Temperature 25 °C.
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Figure 12. Effect of RAP Content on Nf at Stress Level 5 psi and Testing Temperature 40 °C.

Conclusions

From this comparative study for various percentages of RAP materials included in

Marshall Mixtures, the following conclusions were drawn based on the results and the
limitation of this study:

1.

In general, it is concluded that, the inclusion of RAP material in specified
percentage in this study improves the performance characteristics of flexible
pavement (damage resistance and long-term fatigue resistance).

. The inclusion of RAP materials improves fatigue properties of HMA mixtures; it

increases the number of cycles to failure, and reducing the tensile strain occurring at
the bottom of the beam sample and this will reduce the development of cracks
within the asphalt mixture.

. As analyses of results, the four point repeated load fatigue tests indicate that; at

RAP content of (15 %), N increases by (157.1%), (100%), and (150%) at testing
temperature 25, 10, and 40°C if compared to the control mixture containing O
percent RAP.

. Based on the modified Lottman test, it was found that HMA with RAP additive had

a high resistance to moisture damage. The sensitivity of moisture content is
affected by replacing the filler in the conventional mixes. The use of hydrated
lime as a filler instead of cement shows an increase of Indirect Tensile Strength of
HMA due to the increase of adhesion bond between the aggregate and bitumen
which tends to increase the stripping resistance.

. The results of moisture damage test show that, at conditioning state of saturation

only and cement used as a filler, the TSR increased by 2.1, 7.9, and 9.7% for 5, 10,
and 15 % RAP content respectively compared to control mixtures containing O
percent RAP. While, the using of hydrated lime as a filler increased the TSR by 2.5,
6.6, and 10.1% for 5, 10, and 15 % RAP content respectively compared to control
mixtures containing 0 percent RAP.

. Results of experimental work indicate that the amount of new binder in the RAP

mixture can be reduced without any effect on the quality of the produced mixes.
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