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Influence of new added asphalt grade on strength and fatigue

performance of high percentage of RAP mixtures

LI Ming-xin, WANG Xuan-cang
(School of Highway, Chang’an University, Xi'an 710064, Shaanxi, China)

Abstract: In order to study the influence of new added asphalt types’ performance difference on
strength and fatigue performance of high percentage of RAP (reclaimed asphalt pavement)
content recycled asphalt mixture, three different types of recycled asphalt mixtures were prepared
in this study. The first mixture was AC-20 asphalt mixture made from new aggregates and 70*

asphalt. The other two mixtures were AC-20 recycled asphalt mixtures with RAP content of 50 %
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and addition of 707 and 907 asphalt, respectively (abbr. AC-20 reference group, AC-20-50%
RAP-70%, AC-20-50 % RAP-90% ). Three mixture sets used the same target grading design and
asphalt content. Performance of asphalt mixture was analyzed by strength and fatigue test.
Strength of asphalt mixture was evaluated by uniaxial compression test and splitting test at
different temperatures. Fatigue performance was evaluated by the UTM four-point bending
fatigue test with controlled strain. Feasibility of using formula method to predict fatigue
performance of recycled asphalt was also investigated based on the change of penetration and
softening point of recycled asphalt. The results show that strength of recycled asphalt mixture
can be improved by adding 50 % RAP, and strength of asphalt mixture decreases with the increase
of test temperature. Within the test temperature range, strength order of the three groups does
not change with the increase of test temperature. AC-20 recycled asphalt mixture by adding 70*
asphalt ranks the highest in strength. Fatigue performance of the regenerated mixture is related
to the addition of the new asphalt type. AC-20 recycled mixture by adding 907 asphalt has the
best fatigue performance, while fatigue life of the recycled mixture with 70¥ asphalt is lower than
that of the reference asphalt mixture set. New asphalt with an appropriate asphalt grade can

improve the fatigue performance of recycled asphalt mixture effectively. 13 tabs, 2 figs, 23 refs.
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Tab.1 Material compositions of asphalt mixtures
WiwRERRE Wis K e SRR
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70% Wi .50% RAP H
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A W IR AR ASESN
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A W IR SR
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T 07352011 Wi & =5 R b 20 35453 . RAP
Lok 7 & i (B 8 N IRD O 3. 6% X
BRBE IS Y B R AT 0 435 20 BT RAP [nl SOk} 42 o
o RABA T 0726—2011 Bl A5 F5 12 2 B n i
Wi %, M4 T 06042011, T 06062011 Al
T 0625—2011 A i =] Y& U 7 &F A BE . AL A& A
135 “Cie % 25 i . 045 [0 7 19 & A D 40
(0.01 mm) , %1k & Jy 66.8 “C,135 C e FiE N
1.3 Pa«s, 32 EISCRSERPR R 41 .
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Tab, 2 Sieve passing ratios of RAP aggregate
i FL R ~F /mm 26.5 19 16 13.2 9.5 4.75 | 2.36 | 1.18 0.6 0.3 0.15 | 0.075
Wi/ % 100 99.6 | 94.8 | 86.1 | 65.1 | 39.6 | 28.5 | 22.1 | 19.0 | 13.7 9.4 6.1
®3 FERNEZAR RS 70770 90% FMFHEF HAEIEIR
Tab.3 Virgin aggregate gradations Tab.5 Virgin asphalts of 70% and 907 performance indexes
¥/ /mm iR/ % TERESHL 70% Wi 907 Wi
A R4 B4 (oF D #Y £ ABE(25 °C,100 g,5 $)/0. 01 mm 68 85
26.5 100 100 100 100 Ak s/ °C 48.5 15. 8
19 74.9 100 100 100 FEREC10 °C,5 cm » min 1) /em 57 65
16 50.5 100 100 100 135 CHef: B (Pa « s) 0.58 0.48
13.2 25.0 99.7 100 100
9.5 4.5 97.4 100 100 3 ;‘Eﬁ*gl'ﬁaétt ii.i‘-l-*u 'I‘iﬁlé*ﬁgﬁ
4.75 0.3 12,T 95 4 100 3.1 EAkEt
— - S e AC-20 2 BT P 1 12 17 o e B2 B O
o6 o1 08 P BT ) (JTG D50—2006) #E17. T 73R 6
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o 15 05 10,6 Z ARG BB A LR R SEO R 4.3% ., R
0.075 0.4 75 M i S IR & R AR RES BT it
%1 FERGELH 7. FER AR RS S LR 4R
Tab. 4 Virgin aggregate performance parameters % éj% o
o | T | RO | AREGREEGE ;
(kg * m™) L W AT 3 Fh 2 L TR A R REAT 1 5 BE AU 5F
AR 2701 0.32 22.6 9.6 PEREICYG . b, ) e B s S R 1 L e
B £ 2718 1.12 16. 2 FEUITEI W3 . 753 9100 mm > 100 mm B FE K 3 75 1R
CHi | zes 0.50 AR R T 0 351 3 0 5 R 300 9 4R £ T A
DA | 2568 ORI P T 55 2 5 0 R 05 7 4 3 2 AR
2.3 hE A EIE 3] 380 mm X 50 mm X 63. 5 mm 7R/

ABIEFE I R AR 03 O 707 A 907 2 A,
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Tab. 6 Sieve passing ratios of AC-20 reference mixture
LR F/mm | 31.5 | 26.5 19 16 13.2 9.5 4.75 | 2.36 | 1.18 0.6 0.3 0.15 | 0.075
i i 2%/ % 100 92.9 85. 4 75.8 61.7 42.8 26.7 15.9 11.6 8.5 6.9 5.7 100
®7 RASEHALLNAC203RARARNEESE
Tab.7 Performance parameters of AC-20 reference mixture with OBC
PERESE A/ % | BRBURE | BRSO R | SRR/ % | TORRIBRER/ % | R/ % FaE B /kN WA/ mm
A 4.3 2.438 2.542 4,07 13.15 69. 09 15. 38 3.48
FLA sk 41~6 =13 65~175 =8 1.5~4.0
3.2.1 #HBEK (4. 2401 4. 28) 5 Z: BRZH I A7 1L (4. 30) L JL-F- A [ »
3 i R AR B R TR 2 B0 I 4 R FFAEBITHESR,
%8, 3.2.3 AABARELSH
®8 ZMABEAMGRSHBRARER 3 AW E A B By W E P BE 4 45 R L3R
Tab.8 Test results of volumetric parameters of 3 types of mixtures 10, 258 555 76 RAP B4 50 %I, i AR [fl 4
o3 Zﬁ AGon L ACROT ST 2 LU IR AR R 0 T b
— SHUL | SOXRAPTOT | SO%RAP 90 25 IR AL U5 75 TR L B0 FL AT A 0 B A E i 7
- ttf/m% T - Bl 5 KR B0 . ARLAR 2% B 4 B T M T B
IR B R BRURE X 2% 1 2.43 2.43 2. 44 AFIE) TG FA0—20040) (R FRBLIE, T D e T
p— oo T T W bR 0O T RS B L 2 2 T AR U 5 L
BRI AR/ % 13.9 13.5 13.6 TR L AFRS L B4 BIak E] 507 F 707 I I BRUE .
A/ Yo 68. 6 68.3 69.0 F10 ERCHEERELUER
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Tab. 9 Aggregate gradation inspection results of 3 types of mixtures
A RHE R/ %
i fLR < /mm AC-20- AC-20-
AC-20 Z R4
50%RAP-70#% | 50 % RAP-90*%
26.5 100 100 100
19 95.6 93.3 92.8
16 86.8 85.1 83.1
13.2 76.4 75.9 77.3
9.5 63.2 61.1 62.7
1. 75 40.5 12. 8 41.8
2.36 24.9 23.6 24.6
1.18 14.1 13.5 14.5
0.6 10. 4 11. 6 10. 6
0.3 7.2 8.7 8.5
0.15 6.2 7.2 7.3
0.075 5.1 5.3 5.6
th 2 O A LA H 3 200 T IR 45 R 0 5 B

ZE AR/ AT O SR A R I B et . W 2 4
RJH 5000 RAP 5 A 5 5 18 & BHI & . Hoah A1 1t

Tab. 10 Measured properties of recycled asphalts
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a - Hfi/C | Uik
5)/0.01 mm
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AC-20-
63 54. 6 70%
50 % RAP-90%
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Tab. 11 Predicted values of penetration and ;J:IE/T H‘J' %%?&TE‘%%E?&TE%E#% H@%ﬁ%%%% 3 ;};%a
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Tab. 12 Test results of compressive strength and compression

rebound modulus of asphalt mixtures MPa
AR COT AR CCOT
RA R PR 38 HUIE ] 555
15 20 15 20
AC-20 R4 7.9 5.7 1855 1257
AC-20-
10.1 7.2 2171 1575
50 % RAP-70#
AC-20-
9.3 6.3 2 001 1 385
50 % RAP-90#

t 2 12 Al 0L . 4841 50 Y RAP iy F-A4: Wi i IR A
RHEA T 0 R R R PR ] A, DL
LR 15 °C R, AC-20-50 % RAP-707 JR & kHit
JE 58 B fe ik B 10,01 MPas 3810 907 33 i 5 1R
AR AT IR F] 9. 3 MPa, $T JE [o] 3B B 4% 5 A A
Fe W] AC-20-50 % RAP-707 I8 & B 4 JE 1] 2 4 5t
.3 2 171 MPa; AC-20-50 % RAP-907 J& &
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BGPTSR A B ] AR B B KL 43 Sl 2
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AokHa I 45 5 2 BUAH [F] 8 .l ok el DAAR
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Fig. 1 Splitting test results of 3 types of asphalt

mixtures under different temperatures
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Fig. 2 Fatigue test results of 3 types of mixtures
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Tab. 13 Linear regression fatigue equations of 3 types of

asphalt mixtures in log-log scale

RAREA W55 ) e FlE ZRR?
AC-20 Z 084 | 1g(Np)=—1. 889 78lg(e) +10. 308 71 0.910 43
AC-20-

lg(N)=—1. 340 71lg(e) +8. 032 38 0.854 77
50 % RAP-70%
AC-20-

lg(Np) =—1. 488 07lg(e)+10.800 07 | 0.891 50
50 % RAP-90%
6 % &
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