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Research on Influence Factors of AR Mixture
Fatigue Performance
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Education, Tongji University, Shanghai 201804, China; 2. Shenzhen
Expressway Engineering Consultants Co. Ltd, Shenzhen 518034,
China)

Abstract: According to AASHTO TP8 in American standard
specification, three-point-bending-fatigue-loading test method
was modified to evaluate the fatigue performance of asphalt
rubber(AR) gap-graded mixture. Material test system (MTS)
and strain-control mode were used to evaluate influence
factors of fatigue performance of AR mixture. According to the
research, the fatigue life of AR mixture increases with the
asphalt content when the asphalt content is between 7.0% ~
8.5%. The decrease of air voids will also improve the fatigue
performance if VFA is within a reasonable extent. The best
fatigue performance comes out when the crape rubber modifier
(CRM) content in AR is 19%. Air voids have the greatest
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influence on fatigue property of AR mixture and VFA (voids
filled with asphalt), asphalt content and CRM content also
influence the property obviously. When AR mixture based on
fatigue performance is designed, lower air voids first be
confirmed according to the engineering requirement and then

higher asphalt content and higher CRM content is advised.
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asphalt content
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Tab.1 Testing result of rubber asphalt
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£+ AJE (25 °C,100 g,5 s)/mm 3.7 >=2.5  T0604
BAbs/C 68.5 =54 T0606
R/ (g« cm3) 1.05 S T0603
177 CHE/(Pa - s) 3.3 1.5~4.0 T0625
B/ % 75.5 =60 T0662
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Fig.1 Gradations of rubber asphalt mixtures
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Tab.2 Fatigue test results of rubber asphalt mixture under different asphalt contents

FC IR A R NER 2 s

eI WABRLL/ % FHORALLY /% BARKT/1076 UNERAEERE/ % S EGTHE AR
7.7 6.2 1250 5.3 29 400 4
8.2 6.6 1250 4.1 43 900 4
AR-AC-13 8.7 7.0 1250 3.1 69 300 4
9.2 7.5 1 250 2.2 113 500 3
9.7 7.9 1 250 1.5 95 000 3
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Fig.2 Relationship between asphalt content
and fatigue life
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Relationship between air voids and fatigue life of
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rubber asphalt mixtures
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Tab.3 Results of fatigue test under different gradation

KM 2.36 Rl AR/ % WA/ % N/ % ADKT /1076 TR aEE/ K AR
e 17 8.2 4.1 1 250 33 200 3
P 22 8.2 4.1 1 250 43 900 4
PR = 27 8.4 4.0 1250 38 400 4
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Tab.4 Results of rubber asphalt of different CRM contents

o PEREH b
fﬁ]*g?/%/; FEARE/ WAkss/ 177 CHhiEE/ S RE/
mm (¢ (Pa.s) (g« cm?)
15 4.05 66.5 1.9 1.044
19 3.75 68.5 3.3 1.050
23 4.85 73.5 5.6 1.056

[e] ) ARSI 5 3 R i ok B . B ik 3|
23 % Hf s 5 5 B Sk o R AR RSy ke 2D JE 8 1) R B U
FONESFEFD 1 h JE AR A B As o TR, 43
TR AR B s NG Rk E R E 483
T 5.6Paes, il T 1.5~4.0 Pa.s1itH.
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BT E T RS TR I R 5 R
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Tab.5 Fatigue test results of rubber asphalt mixture under different CRM contents

i BB ENE) /%  WAFE/ % NRRAEERR % RAEKFE/10°0 S ARarFIIE/ K AR
15 8.0 3.9 1 250 23 700 4
AR-AC-13 19 8.2 4.1 1 250 43 900 4
23 8.4 4.2 1 250 28 700 4




1612

[ 3 K 4% 2% (a8 B 2% 8O

CURYE

IR 5 R LA B B A 45 5 038 0, 26 5 3
K s [FIREZS B3N e i 0 FH A s BRE s h A
it 8. 0% %] 8.4%.

I 5T 25 RO IR 5 5 DA 15% 3 fin ]
19% 55 ARG I T 85% , IR K W L 15% 48
S AR B A X 35 5 10 7 1 e VR R84S S T
HRERMG RSB ST R AL T 19% B &M
BT IR A B B 18 1 A 19% 3 n 2] 23%
IF L 9 55 A5 A ST FAR T 35% » i) WK B I A S
2 T X AR W T 1 98 55 1 BB R 136 o 75 2 42 il
FEAIE T . R B A AR e Wi i P A
F s S50 RBy2A0L B8n/ BE 00 0 R RE % 42 & I 75 S U
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A S 18 T IR 5 AR RV BEARTR A5 k% 57
PERE. 23% M 48 L K K, 1 W B 75 B 5%
M) AR R 7 R BT S BRI Gk hE 97 PR RE . A
PS5 PERE T R . e FH I AT DU R S r B
i HRAE RN 1.5~4.0 Pa « s TR EEE.
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o FAERT 22 (E 3 FIOE 20 B A X 25 B FR R a0; X
TE k B 2] OCHK R 40,5 N e R —RAE 0~1
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2HLAIZTOMEKZE.
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K v SR v XS H L v RIKE .
IRFIR AT GRANE < 8 8 Xdha 4] o R a1 gk
FIWMEACAE PR TSR 22 P 90 35RO R4
(1) B P93 57 1 i P 3R 55 45 2R U 5]
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Tab.6 Grey associate coefficients

A ey

b
&

AR

177 CHE  Bkizse

- A i i3 i A
e — 3.75 68.5 3.3 19 8.2 0.244 80.0 17 33 200
R 3.75 68.5 3.3 19 8.2 0.244 79.8 22 43 900
R = 3.75 68.5 3.3 19 8.4 0.256 81.2 27 38 400
7.7 3.75 68.5 3.3 19 7.7 0.189 74.1 22 29 400
Wz 8.7 3.75 68.5 3.3 19 8.7 0.323 84.8 22 69 300
I/ % 9.2 3.75 68.5 3.3 19 9.2 0.455 89.3 22 113 500
9.7 3.75 68.5 3.3 19 9.7 0.667 93.2 22 95 000
Wekiis 15.0 4.05 66.5 1.9 15 8.0 0.256 80.5 22 23 700
i/ % 23.0 4.85 73.5 5.6 23 8.4 0.238 80.5 22 28 700
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Tab.7 Results of datum initialization
B AR WiH 5 pAb b Coarmr pompme AR R JiEM 2.36 mmAy  PESY
%’éﬂ /\J;“F éA’f'tn\\ 177 C *EE Eﬁ(’{‘)ﬁé% B l[ﬁi }1”—;{‘ ﬁﬁﬁA 7’3‘@
e — 0.100 0 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
i — 0.100 0 1.000 1.000 1.000 1.000 1.000 0.998 1.294 1.322
K= 0.100 0 1.000 1.000 1.000 1.024 1.051 1.015 1.588 1.157
7.7 0.100 0 1.000 1.000 1.000 0.939 0.774 0.926 1.294 0.886
WA R 8.7 0.100 0 1.000 1.000 1.000 1.061 1.323 1.060 1.294 2.087
B/ % 9.2 0.100 0 1.000 1.000 1.000 1.122 1.864 1.116 1.294 3.419
9.7 0.100 0 1.000 1.000 1.000 1.183 2.733 1.165 1.294 2.861
KB 15.0 0.108 0 0.971 0.576 0.789 0.976 1.051 1.006 1.294 0.714
/% 23.0 0.129 3 1.073 1.697 1.211 1.024 0.976 1.006 1.294 0.864
(3) TR 2P NS5 R L3 8.
x8 KR
Tab.8 Difference sequence
Akt Wi &t # o o N PViEM  2.36 mm Ay
= % IR S Jo i 75 PR s
;.*sgg N Ak s 177 CHFE ke A (g e Ty
2 hil— 0 0 0 0 0 0 0 0
i — 0.032 2 0.322 0.322 0.322 0.322 0.322 0.325 0.028
K= 0.015 7 0.157 0.157 0.157 0.132 0.105 0.142 0.432
7.7 0.011 4 0.114 0.114 0.114 0.053 0.112 0.041 0.409
A 5 8.7 0.108 7 1.087 1.087 1.087 1.026 0.765 1.028 0.793
"L/ % 9.2 0.2419 2.419 2.419 2.419 2.297 1.555 2.303 2.125
9.7 0.186 1 1.861 1.861 1.861 1.679 0.128 1.696 1.567
i 15.0 0.036 6 0.257 0.138 0.076 0.262 0.337 0.292 0.580
B/ % 23.0 0.042 9 0.209 0.833 0.346 0.160 0.112 0.142 0.430
(D) RKI1F 2 P K#EN 2.419,2 Fedg/N2E R 0, IO IR KOG R 5, W3R 9.
R WXBERH
Tab.9 Grey associate coefficients
RAH Wit 5t | . e, [ . HiL  2.36 mm A
= 5 paiig AL . 3 IS 22 2% .
S N Ak s 177 CHE BB WmaREl  SEE e s
i — 1.000 0 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Pl — 0.079 0 0.790 0.790 0.790 0.790 0.790 0.788 0.977
Fhe = 0.088 5 0.885 0.885 0.885 0.901 0.920 0.895 0.737
7.7 0.091 4 0.914 0.914 0.914 0.958 0.915 0.967 0.747
A 5 8.7 0.052 7 0.527 0.527 0.527 0.541 0.613 0.541 0.604
E=AN /0
BEEE/% 9.2 0.033 3 0.333 0.333 0.333 0.345 0.437 0.344 0.363
9.7 0.039 4 0.394 0.394 0.394 0.419 0.904 0.416 0.436
- - 15.0 0.076 8 0.825 0.898 0.941 0.822 0.782 0. 805 0.676
kB R/ %
23.0 0.073 8 0.853 0.592 0.778 0.883 0.915 0.895 0.738
Bl 4 A 45 50 PR 2R Y DGR B EDO EL A INEIHY A BERRE . B e 75 1 4% s e XL 28 () HE 7 485
AT DL ) 2 AR TR AR SRR KB MY h/a o2 B A T A

W) e ok B3 U M AT A B

HEHEMRABEE R R B R BRI T R AR A
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Fig.4 Gray associate analysis of factors influencing

fatigue performance
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(D) TERIEWI T A I HEFETE ] 7. 5% ~9. 0%
GIHA T EbD 22 (BT AGBE 5 7 TR A5 ) 95 57 7 A B
Wit B 10 B N 348 K, XY 698 95 P B SR A i B
7K e 6 T i B TR e AT AR DL R P A
BB USRI 1R A R 57 R e

(2) FEIEH 125 BRSO N, BB 25 B 23R 1 0
N RIS TR A R I8 57 7 i 120 WG 0 A 0 B R
15 SR AR 5T PERE AN A

(3) M B R AE 19% A S if 192 55 PEfig 78
15% 5 23% WA B I L 95 57 77w 2 B, U6 B RS
B — 6 1y 38 ED A SABMAR R T
KB ERAE 18% ~22% M7 Bl ZR 2 B2 4 F Y

(4) X 4% 5% ) PR 28 R AT SR I BE 20 BT » 48 B 38 %)
R W T T A5 e B0 5 P B R W e oAy S 3 U 5 4
FIBE JH1 A1 JoT St LU0 A 45 o X 9 55 PR RE LA AR

.

(5) 7175 I 55 P RE AU AR I 5 TR & kb s it
I T B E A Y s R R R A B R
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