Int. J. Highw. Eng. Vol. 15 No. 4 : 43-51 August 2013
http://dx.doi.org/10.7855/IJHE.2013.15.4.043

F23 WS AT F2 A olARE THE 7}

Evaluation of Warm-Recycled Asphalt Mixtures using Polyethylene Wax-Based Additive
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ABSTRACT

PURPOSES : The main purposes of this study are to examine the influences of polyethylene wax-based WMA additive on the optimum
asphalt content of warm-recycled asphalt mixture based on the Marshall mix design and to evaluate performance of warm-recycled asphalt
mixture containing 30% RAP with polyethylene wax-based WMA additive.

METHODS : Physical and rheological properties of the residual asphalt were evaluated in terms of penetration, softening point, ductility and
performance grade (PG) in order to examine the effects of polyethylene wax-based WMA additive on the residual asphalt. Also, To evaluate
performance characteristics of the warm-recycled asphalt mixtures using polyethylene wax-based WMA additive along with a control hot-
recycled asphalt mixture, indirect tensile strength test, modified Lottman test, dynamic immersion test, wheel tracking test and dynamic
modulus test were conduced in the laboratory.

RESULTS : Based on the limited laboratory test results, polyethylene wax-based WMA additive is effective to decrease mixing and
compacting temperatures without compromising the volumetric characteristics of warm-recycled asphalt mixtures compared to hot-recycled
asphalt mixture. Also, it doesn't affect the optimum asphalt content on recycled-asphalt mixture. All performance test results show that the
performance of warm-recycled asphalt mixture using polyethylene wax-based WMA additive is similar to that of a control hot-recycled asphalt
mixture.

CONCLUSIONS : Overall, the performance of warm-recycled asphalt mixture using polyethylene wax-based WMA additive is comparable
to hot-recycled asphalt mixture.
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Fig. 2 Plots of Design Gradation for Warm—and
Hot—Recycled Asphalt Mixtures
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Table 1. Property of Aggregate

Apparent Flat and
specific |Absorption/Abrastionielongated
gravity particles

Classification

Specification limit | =225 | <3.0% | < 40% | < 10%

Coarse

2.743 0.84
Aggregate

Granite
Fine

Aggregate 2.730 1.8 - -

Mineral filler 2.696 - - _
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Table 2. Mixture Description

Combination (%)

Type
Case | |Case Il |Case Il |Case V| Case V
HMA 100% 0.0% | 25.2%* | 25.2%* | 25.2%"
AP-3 0.0% 100% | 74.8% | 73.3% | 71.8%
WMA O O 0Oy O o)
additive(LC) 0.0% 0.0% 0.0% 1.5% 3.0%

SUM 100% | 100% | 100% | 100% 100%

RAP Virgin

Mix Name Asphalt | LC 0% |LC 1.5% |LC 3.0%
100% 100%
(]

*2.25% of residual asphalt was selected to simulate a
combination of 30%:70% (RAP material : virgin aggregate)
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Fig. 4 Aggregate Gradation Chart for Dense—Grade
19mm Asphalt Mixtures
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Table 5. Ductility Test Results

ahie Aoz eyt
Table 3. Penetration Test Results
Combination Testing No.
Individual Average
10.0
RAP 100% 1.0 1
1.1
Virgin Asphalt 739
iSave 73.0 73
731
44.0
LC 0% 440 44
441
482
LC 1.5% 48.2 48
48.3
497
LC 3.0% 499 50
50.1
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Table 4. Softening Point Test Results

o Testing No.
Combination
Individual Average

70.4C

RAP 100% . 70.6C
70.8C
irai 50.4°C

Virgin Asphalt 501
100% 49.7C
54.3C

LC 0% 54.2°C
54.1°C
54.6C

LC 1.5% 54.1°C
53.6C
57.2°C

LC 3.0% 57.4C
57.6C
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Testing No.
Combination
Individual Average
3.0
RAP 100% 3.0 3.1
3.2
o 140
V|rg|1noé;)phalt 140 140
140
14.0
LC 0% 14.4 14.9
16.4
22.0
LC 1.5% 21.0 21.0
22.0
22.0
LC 3.0% 23.0 231
242
44. 324 S8 M
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Table 6. Superpave Binder Test Results
Combination
Testing | o | RAP A\;';i';t LC | LC | LC
Method 100% |1 0e, | 0% | 15% | 3.0%
15°C  [13,875.00| 1,179.17 [1,720.83|1,358.17|1,445.83
125°C 6,241.67| 662.50 |950.00|787.50 | 820.83
- | 135T [3,114.29] 400.00 |554.17 | 466.67 | 491.67
Viscosity
145C [1,695.15 192,50 |335.00/290.00{295.00
1557 |1,011.54| 165.00 | 217.50 | 187.50 | 195.00
165C |646.15| 112.50 |145.00|127.50 | 132.50
DSR 58°C |6584 | 2393 | 6.67 | 411 | 5592
(G*/sind | 64°C [25.150| 1.085 | 2.223 | 2.15 | 3.069
21.0 kPa)| 701 113.960| 0.530 | 1.060 | 1.045 | 1.629

(Table Continued)
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76°C | 5.631 | 0.270 | 0.521 | 0.549 | 0.872

82°C | 2789 | 0.155 | 0.261 | 0.300 | 0.471

RTFO aged

58 |137.000| 5.280 |10.110 | 10.110 | 11.910

DSR | 64T |77.670| 2273 | 4.014 | 3.958 | 6.068

(G*/siné | 70°C |32.910| 1.067 | 1.772 | 1.883 | 2.979

222 kPa)| 7g°c 13150 | 0.553 | 0.887 | 0.907 | 1.453

82°C | 6.443 | 0.277 | 0.435 | 0.468 | 0.718

PAV aged

31C |11,7800]1,737.00(1,386.00(1,651.00 | 1,416.00

(GD*S,R(? 28 |17,010 [2,536.00(2,185.00(2,537.00]2,243.00
SN
<5Mmpa) | 25C | 23,1403,869.00/3,504.00/3951.00/3,624.00

22C | 31,170 |5,871.00|5,589.00|5,998.00|5,626.00

BBR SIm|{S|m|SIm|Sm|[S|m

(S¢300, | -6C [367.30.215| 116.5 |0.374(105,6/0.364|116.9] 0.37|94.0|0.353

m>0.3) | —12:C [831,300.214/298.2]0.299233.90.29912672]0.30[25350.280

PG PG 82-12| PG 64-18 |PG 64-18|PG 64-18|PG 70-18
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Table 7. Mix Design Result of Hot—Recycled
Asphalt Mixture

Asphalt [Mix Design Characteristics

Content |Ajr Void| VMA | VFA
(%) (%) (%) (%)

HRAP 5.1% 4.0 14.5 72.7
WRAP (LC 1.5%) 5.2% 4.0 14.7 72.8
WRAP (LC 3.0%) 5.1% 4.0 14.6 72.6
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Fig. 6 Comparisons of Indirect Tensile Strength for
Warm—and Hot—Recycled Asphalt Mixtures
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Fig. 10 Dynamic Modulus Test Results
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Softening Point 54.1C < 57.4C
Ductility 21 < 23.1
PG Grade PG 64(66)-18 < PG 70-18
Mix Design
Optimum AC 5.2% = 5.1%
Mix Performance
Indirect Tensile Strength  0.87MPa N 0.77MPa
Tensile Strength Ratio 67.2% < 70.8
% of Asphalt Loss 21% < 1.9%
Dynamic Stability 2,363 N 2,032
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