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Change of Physical Properties of Binder Extracted from after Artificial Aging of Asphalt Concretes
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Kim, Kwang-Woo - Doh, Young-Soo - Kim, Sung-Woon

Abstract

Asphalt binder characteristics in asphalt mixture are changed due to aéing. However, depending upon
aggregate and binder used, asphalt mixture dose not show the same level of stiffness and brittleness under
the same ageing level. The factors affecting physical properties change of the asphalt binder within aged
asphalt concrete are not well known and there is limited study which is dealing with this topic. This study
dealt with evaluation of physical properties of asphalt binder recovered from the mixtures after short-term
and long-term aging. Two asphalts, two aggregates, two gradations and four polymers were used to make
32 mixture combinations. The mixtures were prepared and aged artificially in a forced draft oven. The
measured physical properties included absolute viscosity, kinematic viscosity and penetration. Statistical
analyses were carried out to find out the factor(s) having a significant effect on change of physical
property of asphalt binder due to asphalt mixture aging. The results of study shown that aggregate,
gradation and polymer had a significant effect on change of physical properties of asphalt binder.

Keywords : asphalt, aging, polymers-modified asphalt, absolute viscosity, kinematic viscosity,
penetration.
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E 1. Physical properties of asphalt

AC AC
Property 85-100 | 60-70
Penetration at 25C (0.lmm) 9 67
Absolute viscosity at 60°C (Poise) | 962 2,075
Kinematic viscosity at 135C (cP) | 285 425
Softening point () 44,0 50.0
Ductility 25T (cm) 150 138
Flash point () 317 334
Specific gravity 1.022 1.024




AAAE  Sleld AAHET e SBS,
LDPE, Rosine2A ¢kxtz 747} SB, PE, RO&
zrlslgem, I 59k 97 AARAFE §
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I 2. Properties of aggregate

(b)
Fine
Coarse aggregate ageregate
Classification S BETCR Filler
Dec. Gneiss | Granite | Gneiss | Granite '
limit
Apparent o5 285|256 |24 263|275
specific gravity

Abrasion (%) <35 (243 |321 |- - -
Absorption{%) <25 {150 {076 169 {123 |-
Fineness modulus 6044 [627 266 [2.32

2} 53

8

Percent passing (%)

. “Waste paper

0.01 0.1 1 10 100
(d) Sieve size (mm)

12 1. Photograph of (a) LDPE, (b)

‘ a3 2. Gradation of agaregate
SBS, (¢c) Rosin and (d) Waste paper
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E 3. Designation of mixtures for each agg.

Mixture | Description Remark
D30  |Dense grade, AP-3, (Without Polymer) |Gradation
D3L6 |Dense grade, AP-3, LDPE 6% D dense
D3RI [Dense grade, AP-3, Rosin 10% G gap
D3S3 |Dense grade, AP-3, SBS 3% Asphalt
G30  |Gap grade, AP-3, (Without Polymer) '3 AP-3
G3L6 |Gap grade, AP-3, LDPE 6% b AP
G3R10 |Gap grade, AP-3, Rosin 10% Modifier
G353 |Gap grade, AP-3, SBS 3% g gggE
D530  |Dense grade, AP-5, (Without Polymer) R Rosin
D5L6 |Dense grade, AP-5, LDPE 6%

D5R10 |Dense grade, AP-5, Rosin 10% Modifier
content
D553 |Dense grade, AP-5, SBS 3% 0: 0%
G50  |Gap grade, AP-5, (Without Polymer) 3 3%
GhL6 |Gap grade, AP-5, LDPE 6% lg ?;2/)
GBR10 |Gap grade, AP-5, Rosin 10% by wt of
G553 |Gap grade, AP-5, SBS 3% binder

DO000000000D000000000000000000000000000000000000000000000000000

E 4. Optimum asphalt content(OAC)

Mixtures OAC Mixtures OAC
AD30 51 AG30 5.2
AD3L6 52 AG3L6 53
AD3S3 53 AG3S3 5.1
AD3R10 5.0 AG3R10 5.2
ADS0 51 AGH0 5.2
AD5L6 52 AGBLE 5.0
AD5S3 52 AG5S3 5.2
AD5R10 5.3 AG5R10 5.2
BD30 5.0 BG30 52
BD3L6 52 BG3L6 54
BD3S3 54 BG3S3 52
BD3R10 48 BG3R10 49

BD50 54 BGX0 5.0
BD5L6 57 BG5L6 54
" BD5RI10 52 BG5R10 52
BD5S3 55 BG5S3 49

* A - ®0oiHGneiss) * B - 3tz eHGramite)
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a7 4. The process of LA
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I 5. Test result of physical properties

PEN KVS AVS
Mixtures };Aeg;r;lg (0.1mm) 135C (cp) 60C(ps) Remark

Gneiss Granite Gneiss Granite Gneiss Granite

NA 53 62 500 450 2,608 2,48

D300 SA 34 55 625 550 3,072 4186

LA 28 31 725 750 4,94 7,549

NA 54 85 500 400 2,950 1,675

D3L6 SA 45 61 675 675 5,284 5,276
LA 30 33 1,000 300 7775 10,056

NA 51 55 700 825 5,806 4,891

D3S3 SA 41 46 925 1,000 8270 7,336
LA 30 35 1025 1,200 11,285 15,116

NA 41 46 550 400 4,789 2,303

D3RI10 SA 20 36 925 775 16,758 6,506
LA 16 21 1,125 925 27,937 18,349

NA 49 75 500 450 3,430 2433

G300 SA 41 55 575 550 4,305 3,934

LA 31 41 700 675 7072 7,242

N A 71 81 525 500 2,851 2,469

G3L6 SA 57 60 625 700 4,228 5,129

LA 23 41 725 825 3,708 8281

NA 53 55 875 600 4913 2508

G3S3 SA 45 37 1,000 900 7,241 9,875
LA 29 24 1,225 1,250 13,247 19,815

NA 39 67 575 450 - 4925 2424

G3R10 SA 26 40 850 550 12,142 5335

LA 19 32 300 625 11,521 8320

NA 52 62 625 475 2978 2,220

D500 SA 51 A7 750 575 4,856 4,057

LA 28 3H 1,125 675 15434 7275

NA 67 83 425 650 1675 2915

D5L6 SA 39 67 725 925 6,013 5,234
LA 22 42 875 1,250 10,578 11,283

NA 31 71 1475 1,060 15,462 5139

D5S3 SA 28 4] 1875 1,100 30,877 11,252
LA 25 3H 1,900 1,025 36,235 11,035

NA 39 74 800 450 11,508 2311

D5R10 SA 23 26 1,225 775 16,525 10,616
LA 17 17 1,226 1,100 16,526 10,987

NA 42 62 625 425 2,102 2,220

G500 SA 39 47 725 575 4,096 4057

LA 33 35 700 675 4,987 7,275

NA 50 71 675 650 6,004 2,769

GBL6 SA 46 56 725 850 6,420 4520

LA 35 45 875 975 11,359 6,362

NA 60 70 675 825 4,595 3,740

G553 SA 39 4 1,225 1,100 8,414 4,130
LA 26 41 1575 1,350 20,483 10,208

NA 39 43 625 625 4611 5,533

G5R10 SA 22 27 900 720 10,641 8,433

LA 17 26 925 925 14,393 9,763

BB oo R e R E R XSS =2 E
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E 6. Result of analysis of variance for AVS
Mean
Source | DY Type Il SS F Pr>F
square
Aging 2| 805024183 | 402512091 | 69.91 | <.0001=*
Asphalt 1| 4677164 4677164 0.81 0.3707
Agg. 1| 67833374 67883374 | 11.79 | 0.0010%
Grade 1| 26238721 26238721 456 | 0.0365+
Polymer | 3| 330684836 | 110228278 | 19.15 | <.0001x*
Aging*ap | 2 912986 456493 0.08 | 09239
Agixagg | 2| 5256558 2628279 046 | 06355
Agi*xgra. | 2| 26964860 13482430 234 | 01041
Agi*poly | 6] 83093311 13348885 2.41 0.0366

« Significant at @=0.05

E 7. sult of analysis of variance for KVS
Mean
Source | DY Type II SS F Pr>F
square .
Aging 2| 19743718 | 9871859 72.8 | <.0001*
Asphalt 1| 2861882 2861882 21.1 <0001
Agg. 1} 861865 86186.5 6.4 0.0140+
Grade 1] 487701 48770.1 36 0.0621
Polymer | 3| 15685939 522864.6 RBS5 | <0001*
Aging*ap | 2 11400.6 5700.3 04 0.6587
Agixagg | 2 7878.0 3939.0 0.3 0.7490
Agixgra. 2 4504.4 27252.2 2.0 0.1419
Agi*poly | 6] 113593.1 18932.2 14 0.2288
» Significant at @=0.05
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# 8. Result of analysis of variance for PEN

Source | DF | Type I SS Mean F Pr>F
] square
Aging 2 11966.2 59831 |130.35] <.0001*
Asphalt 1 33.1 331 0.72 | 0.398
Agg. 1 2668.9 26689 | 58.15 | <.0001*
Grade 1 129.8 129.8 283 | 0.0969
Polymer | 3 45585 15195 | 33.11 | <0001+
Aging*ap | 2 143.7 71.8 156 | 0.2160
Agi*agg | 2 3974 1986 433 | 0.0167=
Agi*gra. | 2 36.4 182 0.40 | 06740
Agi*poly | 6 681.4 1135 247 | 0.0311%
* Significant at a=0.05
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