%45 % %50 A A 4 Vol. 45 No.5
2025 10 A JOURNAL OF CHINA & FOREIGN HIGHWAY Oct. 2025

DOI:10.14048/j.issn.1671-2579.2025.05.014 XEHS :1671-2579(2025)05-0131-10

A

S RAPBEEEETSEESRWHR

B, DN XA, Eh L BRI IRC
(LK VPP TR 2 18 B I AS BT VR M A8l 2 A 5 3 TREMF S TR0 Wl K> 410114;
2K VMBI OR AR Sl G W KV 41011453 A S E A M ERARAF WM/ K1 410026)

FEE U0 IR A R R AR B AR AN Y RS o, 5 s A5 10 7 TR A 0 AR s R DG B, o 24 i 00 i 6 1 A R (RAP)
I 238 35 s IR 9 ] A, T Jié =5 RAP 8 i i 2 0 5 VR A R 9 o 2l &6 7 SRV B IR G 6 © BN RAP(4 1 #8
A 0% .30% .50% A1 70%) ;@ BN AL E R (2% W IR AR E) ;@ BRI RAP AT &S B R (1%
VI RA R R, JFR T sha e | F G RUE 9 M 58 10 %t L i g0 A ot . 45 R 25 RAP B &= 3n, i & 1k
BORE B AR R =, b 7O RAP #8519 1 5 1R 6 R 0% 35 ) g A5 & I 7 VR B R B A AR 4 R (10 Hz 15 °C,
[E*[>>14 000 MPa) , Fo X} i 7 1 A Rt sh A& B a3 T S0 220 S B M 2 . 50 % RAP 2 19 I 75 I & R A >
(1060 i AE it 500 it BB T 2 o B U0 T TR A R Y B SRR TSR o AN RAP 1B i 19 8 it i3 T U5 IR AR I
MPERE I H US4 T4 55 1R A R AP0 5 0 B 5 (5 2 X5 30 55 1R A 6 (0 AR UL 1 1 R0 57 Mk i 7™ A AN R o R 5% R /]
AR S5 6 TRUAE L 1) 40 B R Y B S e SR 9 e R R T

KR EPE TR ROEFPHA BEHFTIRAG M mfiE; S RAPE S

mESERS U414 MERARAERD A

High-Modulus Asphalt Mixtures with High RAP Content

HUANG You'?,FENG Boxiong®, LIU Zhaohui’, WANG Shuai’, XIONG Tianle®

(1. Engineering Research Center of Catastrophic Prophylaxis and Treatment of Road & Traffic Safety of Ministry of Education, Changsha
University of Science & Technology, Changsha, Hunan 410114, China; 2. School of Transportation, Changsha University of Science &
Technology, Changsha, Hunan 410114, China; 3. Hunan Provincial Expressway Group Co., Ltd., Changsha, Hunan 410026, China)

Abstract: The old asphalt mixtures are characterized by high hardness and fine aggregate, which is aligned
with the characteristics of high-modulus asphalt mixtures. In view of the current problem that the utilization
rate of recycled asphalt pavement (RAP) is generally low, research on high-modulus asphalt mixtures with high
RAP content was carried out. Three kinds of asphalt mixtures were prepared, including RAP addition with the
content of 0%, 30%, 50% and 70% respectively, the addition of the high-modulus agent (2% asphalt mixture
mass), and the addition of both RAP and the high-modulus agent with low content (1% asphalt mixture mass).
Comparative experimental studies were conducted on the dynamic modulus, road performance, and fatigue
performance. The results show that the dynamic modulus of asphalt mixtures increases with the rising RAP
content, with mixtures containing 70% RAP meeting the dynamic modulus requirement for high-modulus
asphalt mixtures (10 Hz, 15°C, |[E'| > 14,000 MPa). This enhancement for the dynamic modulus is comparable
to the addition of the 2% high-modulus agent. Asphalt mixtures with 50% RAP content also satisfy the dynamic
modulus requirement for high-modulus asphalt mixtures when a small amount (1%) of the high-modulus agent
is added. Additionally, the increase in RAP content improves the high-temperature performance of the asphalt
mixtures, and significantly increases the shear strength. However, low-temperature performance and fatigue

performance are adversely affected. The research results can promote the recycling of asphalt pavement
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materials and the development of green maintenance technology.
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Table 5 Optimal bitumen aggregate ratio and Marshall test results

RAPB &R/ RiEMA N/ BEEM  SAHESH 2R/ goRmEBER,  WRE/,  REE/ Wi/
% % Xof B X BE % % % kN (0.1 mm)
0 4.5 2.54 2.64 3.9 11.2 72 8.9 26
30 4.2 2.49 2.53 4.1 9.5 71 11.2 28
50 4.0 2.47 2.55 3.3 9.9 69 12.5 32
70 3.73 2.43 2.56 4.0 11.7 65 13.3 28
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Figure 5 Dynamic modulus variations under different RAP and high-modulus agent content
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Table 6 Rutting test results
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Table 7 Uniaxial penetration test results

RAP B+ Bioy iR/ RAP# &+ BBy b/

et snilkz3he MPa [ 5wilka MPa
0%+0% 0.532 70%+0% 1.133
30%+0% 0.817 0%+2% 1.281
50%+0% 1.034 50%+1% 1.209
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Table 8 Immersion Marshall test results

RAP#H+  #®AK05h  R/K48h R [ 88l
— s —. =y J el Y | hie
EEAR ORMRE  RNRE FEEEW ARG
0 .
3N Ji /KN Ji /KN - =R/ %
0%+0% 11.25 9.98 88.7
30% +0% 12.56 10.81 86.1
50% +0% 13.84 11.72 84.7
=80
70%+0% 14.47 12.01 83.0
0%+2% 15.80 13.62 86.2
50%+1% 15.38 13.31 86.5

M 2 8 1l . AN Al RAP 48 1 B A= I i 1R A R
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SE J W RAP 15 5 (9 385 in 1 38 K, AH Lb 5 58 095 1R
HRHER K 0.5 h A E B, 30 RAPIHE R T 11.6% .
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Table 9 Low-temperature beam bending test results

RAPSB R+ B/ SRS H Sl RRshig

B R4 MPa MAE/107° BEE/MPa BIJEELR /106
0%+0% 4.95 3154 1565
30% +0% 6.79 2196 3002
50% 0% 8.92 2152 5298
=2 000
70%40% 10.70 1935 5534
50%+1% 8.06 1823 5 760
0% +2% 8.97 1617 6113
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TAHARMIE) (JTG FA0—2004) i Z 3K | J& I 53k b
RACRA L HL ™ FEH X)) o AH Fb 3838 5 7 TR 5k,
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T 30.4% 50% RAPFEAL T 31.8% . T0%RAP R&AL T
38.6 %0, UL B T RAP HA Me il 48 v, % #1542 97 5 1R
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25 5y 7 A FE L N BR i A S8 Ml DX H
34 EFIERE

9% 55 1 R ST R AT B AL 5 B e SR AR UE
BORIRATE R E R 15 °C L i 5 By n 2 5 R A 50
mm/min, & 5P 44, 85 51 05 10,

Hi & 10 W0 : Bl 5 RAP 428 & 09 e 3 i, 5 2F
e A U0 T TR A R B L0 I OR W 3G R, A B
PR A K, 30%RAP 2 & 19 548 I 5 1R G R B 2L
9RO MK T 35.9% . S50%RAP B K T 68.2% .
TONRAPHIK T 87.8% . [AIA}, B RAP 145 &t 4
I, B 2408 R K R B AR 1S RAP B 0% %]
30 %% B 458 FE RN T 36 % , A 30% #] 50 % 34 A0 T
24%,50% BN 70% BN T 11.6% . XK N RAP &
PR 5 AR, U IR A R B R AR B RAP 15 1k £ 58

JE RO HJE Y RAP 5 80w, IH U 5 5 S BB T
PR A A JE 231 2, 5 B A Y R R AR
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Table 10 Indirect tensile strength test results

RAP# i+ [iE N e BRI/ L L
4 B R 45 kN MPa FHfH/MPa

14.69 1.568

0%+0% 15.21 1.632 1.603
14.94 1.608
19.74 2.101

30%+0% 20.56 2.195 2.178
20.79 2.237
24.32 2.725

50%+0% 24.17 2.700 2.697
24.96 2.665
28.45 3.028

70%+0% 28.21 3.012 3.010
28.01 2.991
27.43 2.731

50% +1% 27.14 2.623 2.680
27.82 2.687
26.85 2.668

0% +2% 26.34 2.618 2.603
25.37 2.522

1] 422 P07 1 iR 5 LTl T JR 1) 422 7 1 % 57 1 6
IR HIIE 5% 3 485 2K, W 7 b i%#% 0.3 .0.4 F1 0.5,
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