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Abstract

In Iraq, the using of conventional asphalt cement in mix design causes unnecessary road
maintenance. It is necessary to use additive materials in pavement construction as modifiers which could
improve the performance of asphalt concrete pavements mixture. The major objective of this research is to
evaluate the effects of polymer modification and aggregate gradation for Superpave system on the
properties of hot mix asphalt by using asphalt from Al- Daurah refinery with two locally polymers. These
polymers are represented by high density polyethylene (HDPE) and styrene butadiene styrene (SBS) with
using three aggregate gradations [(Above Restricted Zone) (A), Through Restricted Zone (T), and Under
Restricted Zone (U)]. The performance of polymer asphalt mixtures are evaluated using indirect tensile test
and wheel track test. The results confirm that the indirect tensile strength and resistance to rutting of
polymer asphalt mixtures are largely dependent on polymer type, polymer concentration and aggregate
gradation. It is concluded that the addition of polymer to asphalt mixtures shown the permanent
deformation are decreased by (189%) at 40°C and by (271%) at 50°C and indirect tensile strength is
increased by (42%), after compared with control mixtures. The addition of SBS and HDPE with 3% for
each one to asphalt mixtures showed better properties of pavement. Also the gradation above restricted
zone give a good tensile strength and high resistance to rutting from other gradations. Increasing the test
temperature from (40 to 50)°C, the permanent deformation (rutting depth) also increased by (100%).
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1- Introduction

The recently introduced Superpave is a comprehensive asphalt mixture design
system intended to ensure good field performance of long-lasting asphalt pavements
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under various traffic loading and climatic conditions. Applicability of Superpave to
modified asphalt mixture systems are two important issues that need to be addressed. One
of the characteristics of the aggregate gradation criteria in Superpave is the restricted
zone. This is a zone lying on the maximum density curve extending from the 300 um
sieve to the 2.36 mm sieve size through which it is considered undesirable for the
gradation to pass. The restricted zone is intended to discourage the use of fine sand or
natural sand, in order to achieve adequate voids in mineral aggregate (VMA), (Kim,
2006).cxperimental work and validation. To prevent systematic rejection of good
economical mixes by the restricted zone criteria, the effects of the restricted zone on the
performance of asphalt pavement needs to be determined. Due to increased traffic
loading and traffic volume, the use of modifiers in hot mix asphalt has become a very
popular practice. laboratory studies suggest that binders with the same PG grade but
prepared using different modifier types.
2- Objectives

This study has two main objectives:
1. To determine the effects of aggregate gradation on permanent deformation (rutting
depth) and tensile strength of asphalt mixtures.
2. To determine the effects of polymer modified binders on permanent deformation
(rutting depth) and tensile strength of asphalt mixtures.

3- Materials for Asphalt Mixtures
3-1 Aggregates

Locally available crushed limestone aggregates are used in this study. The fine and
coarse aggregate are sieved and recombined in the proper proportions to meet the
gradations required. In order to examine the aggregate restricted zone introduced by
Superpave system, three gradations are used [(Above Restricted Zone) (A), Through
Restricted Zone (T), and Under Restricted Zone (U)]. A- typical dense gradation with a
nominal maximum size of aggregate of (12.5 mm), for passing above, through and under
the restricted zone are shown in figure 1. The percent passing from the 19.0 mm to the
4.75 mm particle size are the same for all three gradations; while the percent passing for
the particle sizes smaller than 4.75 mm varies, (Asphalt Institute, 2004).
3-2 Asphalt Binders

The typical asphalt binders used for construction of pavements in Iraq are PG 70-
16, (Abbas, 2009). Styrene Butadiene Styrene (SBS) and High Density Polyethylene
(HDPE) are used modified binders. Three PG 70-16 binders (SBS modified, HDPE
modified, and unmodified binders) used in this study were prepared by a supplier from
the same base asphalt. The modified asphalts were prepared by adding 3% SBS and
HDPE by weight of asphalt binder.

4- Laboratory Specimen Preparation and Test Methods
4-1 Mix Design

Standard method of Marshall as in (ASTM D-6927, 2006), specifications is used to
find the optimum asphalt content for compacted asphalt concrete specimens. The results
of Marshall tests show almost typical relationships between Marshall properties and
asphalt content. Three different percentages (4.2, 4.8, 5.4) % of Daurah PG (70-16)
asphalt cement are used with ordinary Portland cement (filler) and three gradations are
used [(Above Restricted Zone) (A), Through Restricted Zone (T), and Under Restricted
Zone (U)] for (12.5) mm nominal maximum size of aggregate for dense mix in
accordance with SCRB specification (R9), for wearing course type (A), (SCRB, 2003).
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The optimum asphalt content (O.A.C) of the various mixes is determined from the
following Marshall curves, (stability, flow and 4% of air voids). The optimum asphalt
content for three gradation, above (A), through (T) and under (U) restricted zone are (5.2,
4.9, 4.8), respectively, as shown in tablel.
4-2 Specimen Preparation

Duplicate test specimens of controlled air void contents were prepared in the
laboratory. For the wheel track apparatus (WTA) test, specimens 150 mm in diameter x
60 mm in height with 4% air void contents are prepared using the compaction apparatus.
For the indirect tensile strength (ITS) test, specimens 100 mm in diameter x 60 mm in
height are prepared using the compaction apparatus to have 4% air void contents.
4-3 Wheel Track Apparatus (WTA) Test

The WTA test is conducted dry to 6000 passes (3000 cycles) at 40°C and 50°C in
which the rut depths are measured continuously. WTA test is conducted on two
cylindrical samples at one time and compacted with standard Marshall compacter. In case
that WTA is a completion of the 6000 passes at 40°C and 50°C, the testing was manually
stopped and rut depth is recorded, (AASHTO T324, 2005).
4-4 Indirect Tensile Strength (ITS) Test

Indirect tensile strength (Fatigue Cracking Analysis). This test is used to analyze
mixtures for fatigue cracking resistance. For intermediate analysis, use a test temperature
20°C or less for fatigue cracking analyses. Lower the temperature of the environmental
chamber to the test temperature with ( = 0.2°C) is achieved, allow each specimen to
remain at the test temperature from 3+1 hours prior to testing. In this test, the specimen is
loaded at a constant deformation rate of 2 inch per minute (50 mm per minute) of vertical
ram movement. The specimen is loaded until failure — peak load is measured throughout
the test (AASHTO:T 322, 2005).

5- Laboratory Test Results and Discussion
5-1 Results of WTA Rut Tests

Results presented in table 2 indicate that the polymerized asphalt mix has higher
resistance to permanent deformation (rutting depth) than the control mixtures (control
mixture is the conventional mixture without modifiers). It is clear, from figures 2 and 3,
considering all data, above restricted zone (A) mixes have higher resistance to permanent
deformation (rutting depth), through restricted zone (T) mixes generally performed well,
but under restricted zone (U) mixes demonstrate more susceptible characteristics to
rutting than the (A) and (T) mixes, because of the fine gradation is stronger than the
coarse gradation and the aggregate gradation passing above the restricted zone produces a
lower value of air voids, as compared with the gradation under and through the restricted
zone. The effect of temperature is illustrated in table 2, for rutting depth after 6000 passes
at 40°C and 50°C, in which the results are presented in figures 2 and 3. It is clear that
when the temperature increases to 50°C rutting depth increased. However, at higher test
temperatures, mixes with polymer modified binder are performed relatively better than
mixes with an unmodified binder. The mixes with above restricted zone (A) gradation
show the least amount of rutting at 50°C, whereas mixes with under restricted zone (U)
gradation show highest amount of rutting, mixes with gradation through the restricted
zone (T) show slightly least amount of rutting from mixes with gradation under the
restricted zone (U) at 50°C.
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5-2 Results of ITS Tests
The results of this test are shown in table 3, Also, figures 4 and 5. ITS for 3% SBS

and HDPE modified content is greater than control mixture (conventional mixture

without modifiers).The fine gradation is stronger than the coarse gradation and the
aggregate gradation passing above the restricted zone produces a lower value of air voids,
as compared with the gradation through and under the restricted zone, mixes above
restricted zone gradation (A) had higher tensile strength than another gradations (T) and

V).

6- CONCLUSIONS

Based on the research findings, the following conclusions are presented:

e Mixes with above restricted zone (A) gradation have higher values of resistance to
permanent deformation and tensile strength when compared with mixes of through
(T) and under (U) restricted zone gradations.

e The values of permanent deformation for modified mixtures are decreased by (189%)
at 40°C and by (271%) at 50°C after compared with control mixtures. The values of
the indirect tensile strength is increased by (42%) at (20°C) after compared with
control mixtures.

e Test temperature plays an important role in permanent deformation, when increasing
test temperature from (40 to 50)°C permanent deformation (rutting depth) increased
by (100%).
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Tablel: Volumetric Properties of the Unmodified Mixtures.
Selected
Optimum
. Stabili Flow Air voids Asphalt
AL (KN)ty (mm) (%) Content
(%)
A VY,¢ Y,Y. ¢ o,Y
T VY,Y YA ¢ ¢,4
U Yy .,4 Y,.0 ¢ ¢,A

Table 2: Wheel Track Test Results for Control Mixture and Asphalt Mixtures
Modified by 3% SBS and HDPE After (6000) passes for Temperature at (40°C) and

(50°C).
Sample Polymer Rut depth (mm) at | Rut depth(mm)
percent(%) (40°C) after at (50°C) after
(1 + + v)passes (1 + + +)passes
Control U 0 v,a¢ 1,44
T 0 Y,eY 0,49
A 0 Y, A o, )
Modified U 3 Y, Y,YA
(SBS) T 3 y,ov Y ¢
A 3 V,V¢ V,0)
Modified U 3 1.61 2.89
(HDPE) T 3 145 2.67
A 3 131 2.28
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Table 3: Tensile Strength Test Results for Control Mixture and Asphalt Mixtures
Modified by 3% SBS and HDPE.

APl Polymer Thickness P b =,(
(%) percent ) Max load (dtzp\(Y)
(KN (Mpa)
U . e, YY,AA Y,¥VY
Control T : T, EEn Y,ria
A : e, YT,aY Y,ava
Modified U Y 10,, YA,QY Y,Alo
(SBS) T ¥ 10,1 Ya,ra Y,A0)
A Y ¢,y Y,y Y,14
Modified U 3 653 33.10 3.229
(HDPE) T 3 64.3 33.79 3.347
A 3 65.7 35.26 3.418
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Figure 1: Aggregate gradation used for laboratory tests.
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Figure 2: Wheel Track Test Results for Control Mixture and Asphalt Mixtures
Modified by SBS.
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Figure 3: Wheel Track Test Results for Control Mixture and Asphalt Mixtures
Modified by HDPE.
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Figure 4: Tensile Strength Test Results for Control Mixture and Asphalt Mixtures
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| Figure 5: Tensile Strength Test Results for Control Mixture and Asphalt Mixtures
Modified by HDPE.
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