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Characteristics of Fatigue Resistance of Recycled Asphalt Concretes by

Modified Mixing Process
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Doh, Young Soo Ko, Tae Young  Kim, Kwang Woo

Abstract

This study evaluated the fatigue resistance characteristics of hot-mix recycled asphalt mixtures which were prepared by a
new blending method. Since the binder of RAP shows higher viscosity without being rejuvenated in the ordinary recycled
mixture, this new (modified) blending method was developed for obtaining more uniform level of binder viscosity in the
recycled mixture. Cold-planned RAP was collected and mix design was performed using 15% RAP content for two virgin
aggregate, gneiss and granite. Penetration grade of 60-80 asphalt was used in mixing recycled mixture together with a
polymer modifier, LDPE. Indirect tensile fatigue tests were carried out to evaluate characteristics of fatigue resistance of
performance of recycled asphalt mixtures. The recycled mixtures with LDPE 6% showed higher repeated loading fatigue
life. Fatigue life ratio of new (N) mixing method mixtures was approximately 0.6-0.7 before aging and 0.8-1.0 after aging
treatment of ordinary (O) mixing method mixture. This means the N mixture becomes stronger with aging process increase.
If further aging is treated, N mixture may be showing stronger resistance than O mixture.

Keywords : hot-mix recycled asphalt mixture, fatigue resistance, new blending method, RAP, LDPE, fatigue life
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H 2. Mix method of recycled asphalt concrete

i Gneiss Granite
Classifi- Sclz:jcég - .
cation imit 13mm Fine Filler 13mm | Fine Filler
aggregate |aggregate) aggregate|aggregate
Apparent
specific |>2.45| 2.686 | 2696 |2.75| 2714 | 2724 |275
gravity
Absorption{<3.0%| 1.143 1.297 0.749 | 0533
Abrasion |<35%| 22.44 - - 17.11
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28 b, Load-time pulse applied for ITS-mode fatigue test
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# 5. Marshall properties and indirect tensile strength
of each mixture at OAC

A Desi aLi(mOACAirvoid VFA | Flow |Stability) ITS
88 [PeSIBHAION g0y | () | (%) |(0.1mw)| (ke [kgflom)
AS5RO 56| 440 [74.19| 35 986 6.6
ASRI5-O |56 405 |75.81| 36 1,073 | 9.0
Arhgt
ASRISN |54 417 |74.57| 31 1,002 | 7.3
(Gneiss)
ASL6R15-0| 5.7 | 432 |7499] 33 1,267 | 12.5
A5L6R1I5-N| 5.7 357 |7841| 34 1,200 | 10.8
B5R0O 55| 4.19 175.55| 35 1,136 | 74
B5R15-0 |53 369 [77.11| 28 1,087 | 99
s7et
= |B5R15-N 56| 362 {78461 33 1,179 7.8
(Granite)
BSL6R15-0| 5.7 | 3.65 [7843| 34 1470 | 12.8
BSL6R15-N| 5.5 | 3.68 {77.63| 35 1,327 | 11.3

Agg. | Designation Description

AS5RO Greiss dense grade, AC60-80, RAP 0%

AS5RI5-O | Gneiss dense grade, AC60-80, RAP 15%, method O

Hulol |ASRIS-N | Gneiss dense grade, AC60-80, RAP 15%, method N

(Gneiss) Gneiss dense grade, AC60-80, LDPE 6%,

ASLERIS-O | AP 15%, method O

Gneiss dense grade, AC60-80, LDPE 6%,

ASLGRISN | ap 15%, method N

B5R0O Granite dense grade, AC60-80, RAP 0%,
Granite dense grade, AC60-80, RAP 15%,
B5R15-0 method O
3174t | BsrI5N Granite dense grade, AC60-80, RAP 15%,
(Granite) method N
BSL6R15-0 Granite dense grade, AC60-80, LDPE 6%,
RAP 15%, method O
BSL6RIS-N Granite dense grade, AC60-80, LDPE 6%,

RAP 15%, method N
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9 th(Fritz 1990). 914 5 &£3tg9 ASS vln E 7. Fatigue test results (Aging)
siois uf s2ege] AhHoer W2 ERes 7 ) Linear | Defor- Creep | Number Fatigue
Aatz stoll A ME W S BY Aot Mixture| Type gr‘]”(‘;‘:‘g r?rff:r‘l’)“ (;‘j‘/t;; tgfffnylilri ratio*
Horizontal] 3380 | 1923 | 5599 | 3,580 | 0.665
Feiure ASRO

Vertical] 3370 | 1915 | 5593 | 3,570 | 0.666

A5R |Horizonal 5,180 | 2.026 | 3.849 | 57380 1

Swady statis : 150 |Vertical| 5160 | 2017 | 3.847 | 5,360 1

Primary - h or dv ASR |Horzontal] 4320 | 1871 | 4263 | 4520 | 0840

‘ I5N | Vertical| 4,290 | 1878 | 4308 | 4490 | 0.838

in | ASLGR [Horizontal| 36,790 | 1941 | 052 | 36990 | 1

Number of cacle 150 | Vertical| 36,770 | 1.938 | 0519 | 36970 | 1

2817, Schematic diagram of creep rate ASLGR [Horizontal] 26,320 | 1929 | 0.721 | 26,520 | 0717

I5-N | Vertical| 26,340 | 1.929 | 0.721 | 26,540 | 0.718

6. Fatigue test results (None aging) Horzontal] 14,170 | 18599 | 1202 | 14370 | 0777
s Type iﬁﬁ; gzgn (r:artzeg I(\)Ifugléle; Faﬁ,g‘jf BoKO Vertical | 14,180 | 18591 | 129 | 1438 | 0777
dn (sec) | (mm) | (wsec) | to failure | 2O B5R  [Horizontal] 18,290 | 1.9414 | 1.045 | 18,490 1

ASRO Horizonal| 970 | 1707 [17.321| 1,170 | 0492 150 [Vertical| 18290 | 19157 | 1031 | 18490 | 1
Vertical | 990 | 1.706 | 16961 1,190 | 0.504 BSR [Horizontal] 17,680 | 1.9079 | 1.062 | 17,880 | 0.967

AS5R |Horzonall 2,180 | 186 | 8.398 | 2380 1 15N | Vertical| 17,690 | 1.9087 | 1.062 | 17890 | 0.968
150 |Vertical| 2,160 | 1863 | 8489 | 2360 | |1 BSLGR [Horizonal| 29,730 | 19788 | 0.655 | 29930 | 1
A5R  |Horizontal] 1,520 1.8 | 116561 1,720 0.723 15-0 | Vertical| 29,760 | 1.9829 | 0.656 | 29,960 1
ISN | Vertical | 1510 | 1.799 | 11726 | 1710 | 0725 BSL6R [Horizontal| 26320 | 193 | 0722 | 26520 | 0.886
ASL6R [Horzontal] 4,710 | 19 | 397 | 4910 1 15-N | Vertical| 26,330 | 19333 | 0.723 | 26,530 | 0.886

15-0 | Vertical | 4,690 19 | 3987 | 4890 1

ASL6R [Horizontall 4,940 1918 | 3.821 5,140 1.047

I5-N | Vertical| 4,930 | 1929 | 3.851 | 5,130 | 1.049

Horizontall 637 1.8111 | 28.558 | 837 0.743
B5RO

Vertical| 610 | 1.6997 | 27.256 | 810 0.777

BSR [Horizontal] 927 1.8829 120.163 | 1,127 1

150 | Vertical] 843 | 14218 | 16.888 | 1,043 1

BSR [Horizontal] 553 1.7206 | 31459 | 753 0.668

ISN |Vertical| 470 | 12394 | 26563 | 670 | 0.642

BSL6R Horizontall 1,897 | 1.8857 | 9.818 | 2,097 1

15-0 |Vertical| 1,880 | 1.6241 | 8645 | 2,080 1

BSL6R [Horizontall 1210 | 1911 | 15892 | 1410 | 0672

1.4891

I5-N | Vertical| 1,083 13.668 | 1,283 | 0617

* calculated based on number of cycle to failure of the O
mixture

o
Hi
H
Hu
12
I

* calculated based on number of cycle to failure of the O
mixture

GV: avl/D (1)
dn
o]7]A,
€, = 53 Creep rate(#/cycle)
dv = A7 A ZAA S 23 9] (nm)
D = FAAS A7 (mm)
dn = 377l A cycle &
dh/ D )
¢ dn
o714
€, = &9 creep rate(¢/cycle
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