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Abstract: The variability of recycled asphalt pavement (RAP) is one of the key factors limiting its high-content
use in recycled asphalt mixtures (RAM). Although the RAP variability and clustering phenomenon can be
effectively reduced by the precision separation (PS) technology, the road performance of RAM based on this
technology requires further investigation. To address this issue, RAP materials were pre-processed using PS
technology, followed by a comprehensive evaluation of the road performance of the RAM through rutting tests,
freeze-thaw splitting tests, and beam bending tests. In addition, the influences of PS-RAP content and
rejuvenator content on the road performance were analyzed. Results indicate that as the RAP content increases
from 40% to 70%, the high-temperature performance of the RAM improves by 46.5%, while water stability,
low-temperature performance, and fatigue resistance decrease by 6.5%, 39.6%, and 73.3%, respectively. The
dynamic modulus initially increases and then decreases with the RAP content. As the rejuvenator content
increases to 8%, water stability, low-temperature performance, and fatigue resistance improve from 9.7%,

89.4%, and 219.6%, respectively but high-temperature performance decreases by 16.4%. All road performance
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indicators of the RAM under different RAP content meet the specification requirements, demonstrating that the

RAP content can reach up to 70% when PS technology is applied. Considering both road performance and

costs, it is recommended that the rejuvenator content be controlled within the range of 4% to 6%.

Keywords: recycled asphalt mixture; reclaimed asphalt pavement; precision separation; road performance;

rejuvenator
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Figure 1 Precision separation equipment and RAP materials
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Table 1 Properties of precision-separated RAP

Bt P fEF i Hifii 11~22mm 5~11mm  0~5mm BBk
Wi % 1.9 2.2 5.9
CRES % 0.6 0.8 1.2 <3
RAP 0.075 mm 0.071 0.066 0.759 <15
AE Rk GR LR SD) 2,36 mm 0.207 0.678 3.751 <5
4.75 mm 0.375 1.286 1.518 <5
ES IR ho i 2.713 2.717 2.688 =2.6
U TIES % 0.28 0.47 1.12 <2.0
AR % 12.6 14.7 — <15
- A A % 2.7 <3
JE A % 11.3 — <26
AL HLE AR % 25.8 <28
24t % 62 =10
B g s N 37
& 3R RA-102 840 9 75 & 1 P26 ) 4 R 46 45 4 4 R A AR
.JIJ 'J—IL% 4 %ﬂ%% 5. Table 4 Performance indicators of new asphalt
Mg bR BA MREEE HoRER
*2 IHBERMER A
Table 2 Properties of aged asphalt AAJE(Z5C,55,100¢) O-tmm ” 1060
BAL A (REB) C 81 =76
P RESE Ly HIRAR TR ERE(5C) o 2 S5
FAR(25C,55,100)  0lmm 22 =10 BOBT (48 h k1L 52 ) C L5 <25
i (REB) © 63.0 B (25 °C) % 91.8 =75
HERE(15°C) cm 12 B (15°C) g/em? 1.025 —
*3 SENFEELER £5 BHAFGMEEE

Table 3 Aggregate gradation passing rate Table 5 Performance indicators of rejuvenator

—_ R/ % RIH/ % Pt At b7 B WIRGE BAER
F/mm 10~ o~ H~ 5~ 0~ 60 “CHi mm?/s 5370 50~60 000
20 mm omm |éamm) i ma omm AP C 241 =220
26.5 100.0 100.0 1000  100.0 100.0 e y 20.3 <30
19 83.7 100.0 90.9  100.0 100.0 o v 64.2 52
16 58.5 100.0 770 100.0 100.0 WA R B S B L 1.3 <3
13.2 25.8 100.0 43.0  100.0 100.0 SR 1 6 T O AR A 0.5 [—3.3]
9.5 1.6 99.2 7.8 98.9 100.0
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Figure 2 Synthetic gradation curves of recycled mixtures
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Figure 3 Road performance tests
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Figure 5 Splitting strength ratio of recycled mixtures

i B 5 AT : @ RAP B RIS IN 1026, Ry 12 81
/N BN W B 2 0k 206, F B R RS 4 R R
(Rrsx=80%) o X FE o T RAPHAYIHY 5 5%
BEEE B PEREAR , W5 5 RRE S K R 1 /E T A B
F B a8 VR4 ) AR b R K 800 i A a1 P
FE A /NS BE TR AL R R OK T B 8 05 G
SR DT TR A R KRR E MR AL © BE G
BRI R, R B K . X0 i TRl 2B
FIR 3G 22 IH W7 WEE ACRE ZE J3E 3G K, b s
W T IHWH A5 3 KT U 5 ARk 2 fik 1wl
L i LG B PR AR AR 4 K R MR SR . (AR Y R
FBmEL 6% 5, ol it 5 200 & 36 8 TRk, ok
I % Rl O VR T W 7 55 42 ) A 286 BT B Ak, B
2 Rese YIS o
33 KRBk

W 24 B 2 5 T 24 3% 1T M i 17 24 ) 5 4 Iy 24
T FE 19 A it 5 0 A ARG BE A RP B 1 RO IR BT
T BT T R W AR R AR IR R T
HAEMRROP AR, A T N AF 5000 548 b5
A RCVRAN T 20— PR R 5 30K 56 45 AN 1 Y 1) R
PRI, AT 24 8 D7 0 03 75 TR A R R I TR e 24 1k g L
TR 25 S & 6 TR .

B 6 Tl : D Rl RS 4 53 B RAP B3 =
70% , FAEDE IR G R W 2B R E FEIR40%0, X
& R Sk B R TR A R TH R R A 3, B I
Wi 22 100 9 AN 34 50 R 15 88 [) B 9 7 TR AR P I
Wi L9 1T B 7 B 90 AR X s 2 A 4 1
TR e R R, 5 B0 R AR e S AR R
@ W& AR 48 01K, U IR AR W R e
Ak, XERNEEMNHAFNBEEZBHE S,

FEAD T 07 B S A o IS0, B 075
SO WD, TP 47 00 1 R — S5 02, DT 75 5 9 R
0 4 45, 4 A1 B0 5 W ) S 1)
it AT 6D 415 T 305 4936 RO AL

2800 RAP#11/%
—a—4(0) ——50 —4—60 —v70

2400

P

< 2000

=

2 1 600

=

HARB /%
El6 ARERAPEBEFIBETBEISREARE A

Figure 6 Fracture energy of recycled asphalt mixtures with

different RAP and rejuvenator content
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Figure 7 Dynamic modulus of recycled asphalt mixtures
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Figure 8 Fatigue life of recycled asphalt mixtures
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Figure 9 Heat map of Pearson correlation analysis

ASCR HTRE 4093 85 RAP il % 1 FHAE R G 8, i
i A R B S A gl A5 S U O
TR AR B L RE , OF 20 AT BF 5T T A A RAP

A 745 5 X 14 6 1R 5 R 1 68 1Y 52 i KR
LR RS R .
(1) bl DR 40 o B H R AR TR A B RAP

BRAIKEI 7000 BEFE K400 B RAP SR,
o i 1 BE S R R AR T SRR BE KRR E M A
53 VERE/INIR T K, 2 A0 52 B T U5 AR Y
e, M RAP B TE 60 %0 Ai A I, 3 2548 B IA B

(2) B 1454250045 Bk B 38, A IR 0 2P R
57 Ve AR Fa 2 1k B2 T 4R T B A T i R B
Pl A0 T2 W AR o e o ) PR A 0 45 i 2 il s U
P BE W i 5, AR A 42 B 6 R 2 R A9 T BE 4R T2

FA B P A i HRR AR
HAERBR A ~6%,

(3) HAEPHFIRARMIREE S SR GE
B EIEME, 50 IR A R0 U pl s 2458 L
Ry W 2L A8 DL K02 57 75 o 5t o BE SAOAROC . FRAE I
TR A R0 U5 8% 45 B FU R 5 W7 24 BE RV 97 75 A
SR BEIE AR OG , W 2 e 5 9 97 A =2 Al 5 O i
JEIEARSG o X 5 ARy N F 45 18 R0 26 50 1 g B 4%
A

(4) A< 3 3k 28 N 1k 50 4 PRS2 7 125 H R T Y
AR TR G ORE B A RAF 0 B 0 PR O AR O e 42 it
T RS S L T SR e S PR TR B E AR S
510 0 G BRE  $H RN 20 43 B R R I T

B R AR SO

SE Wk

References:

[11 B E AR BB )RR BATR A T 2 OC 4L

ARIFFE[I]. AN #,2019,39(1):210-214.
WANG Xuelian, HU Lin, HUANG Xiaoming. Key
technology of hot recycling process for plant-mixed
asphalt pavement[J].Journal of China & Foreign Highway,
2019,39(1):210-214.

[2]  BRGEVL AR BB MONS A5 O T W I T A BR N HAE
[ S0 9 R [J]. T IR 5 388 27 B 27 412,2007,26(3):82-87.
FAN Tongjiang, XU Dongliang, JIA Jingpeng, et al.
Recycling technology for asphalt concrete pavement and
its development in overseas[J]. Journal of Chongqing
Jiaotong University,2007,26(3):82-87.

(3] HREN SO, A 5 A5 R FE SBS St A I IR G ORE
i1 6 I PE RE B 98 (9] BT AE T2,2024,53(5):1031-1035.
TIAN Yaogang,QIN Chao,ZHANG Mengyuan,et al.Study
on the road performance of warm-mix recycled SBS
modified asphalt mixes[J]. Applied Chemical Industry,
2024,53(5):1031-1035.

[4] GULZAR S, FRIED A, PRECIADO J, et al. Towards
sustainable roads: A state-of-the-art review on the use of
recycling agents in recycled asphalt mixtures[J].Journal of
Cleaner Production,2023,406:136994.

[5]  FR& M HE S0, SR NI AE T PR AE O 77 IR B R

B IT IR ER IR (1], T A B% 7 412,2021,34(10):72-88.
XU Jinzhi,HAO Peiwen,GUO Xiaogang,et al. Review of
mix design method of hot in-plant recycled asphalt
mixture[J].China Journal of Highway and Transport,2021,
34(10):72-88.

[6] JEJ(JII TR AR 7 IR A R R

D]. i &R K 52,2020,

ZHOU Zhou.Research on cracking behavior and fracture

FE T 2L ML BLAIE Y

mechanism of plant produced reclaimed asphalt pavement

mixtures[D].Nanjing:Southeast University,2020.



# ER3

e, R T e

B AN 5 RAPH

THAN H RSB R R 181

(8]

(9]

[10]

[11]

[12]

[13]

[14]

K A B PR D A A U TR SRR S 1 5 o A
RIEAR I [I]. b3 Tl K224 42,2010,36(6):771-778.

ZHANG lJinxi, LIN Xiang, MIAO Yinghao,et al. Study on
the factors and variability affecting recycled asphalt
orthogonal test[J]. Journal

University of Technology,2010,36(6):771-778.
Al X M, CAO J W, FENG D C, et al. Performance

evaluation of recycled asphalt mixtures with various

mixture by of Beijing

percentages of RAP from the rotary decomposition process
[J].Construction and Building Materials,2022,321:126406.
TANG W, LI N, ZHUANG Y, et al. Evaluation and
influencing factors on particle agglomeration in RAP[J].
Journal of Wuhan University of Technology-Mater Sci Ed,
2024,39(1):60-68.

Je At el e AT O, A L R T 20T e 90 B A e
T 4 52 W 0], TR #2024 (3% ] 1):53-60,87.
ZHOU Jiannan, ZHANG Zhecheng, WANG Yang, et al.
Influence of crushing process on reuse characteristics of
recycled asphalt pavement
Highways,2024(sup 1):53-60,87.
W FAE AT I E B HEGE AR RAP RS I B
K0T (0] F DR BT E R e 4 (A AR B 4 1D, 2020,39
(9):97-104.

MA Hui, MAO Quan, LI Ning. Influence factors of RAP
content in plant-mixed hot recycling asphalt pavement[J].

materials[J]. Shanghai

Journal of Chongqing Jiaotong University (Natural

Science),2020,39(9):97-104.

7 8B R A RS RS E R I A

A BHE AR 45 Ak 2L A K AL LB 5% 3 R [J]. B4 3 4R

2023,37(13):107-116.

FENG Yunxia, LUO Yuhong, NIU Kaimin, et al. Research

progress on the deterioration law and mechanism of

asphalt and mixture properties under the coupling

influence of salt and environment[J]. Materials Reports,

2023,37(13):107-116.

%?ﬂﬁﬁ AT X TR A R o T A T kot S I T
AR P BE (7], 75 AROK 22 22 i (T 2% W2),2024,54(6):

1738-1745.

LI Zuzhong, LI Mengyuan, LIU Weidong, et al. Surface

modification of bagasse fibers and road performances of

asphalt mixture[J].Journal of Jilin University (Engineering

and Technology Edition),2024,54(6):1738-1745.

WELTE R E 0B, 55 %IEUH%Hﬁ R A4 5
G B SR 5P TEREIF ST [J]. A #,2025,70(4):

9-15.

ZHONG Kunzhi, ZHU Yaoting, FAN Jianweli,

Research on dynamic modulus and crack resistance of

et al.

high modulus recycled asphalt mixture with high RAP

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

content[J].Highway,2025,70(4):9-15.
R AR DL W AR R T BT M e i B AR T R
A RAP BB ST [1]. 23 B A8 il B ,2024,41(1):10-17.
WANG Zhichao, HU Bin, SHEN Mingyan,et al. Study on
RAP content of hot recycled asphalt mixture based on
road performance[J]. Journal of Highway and
Transportation Research and Development, 2024, 41(1):
10-17.

¥ 55 15 A LT AR B T T A IR AR B T RE T O
[J]. "H AR A 1%,2024,44(2):130-137.

JIANG Xin. Road performance of reclaimed asphalt
mixture mixed with bagasse fibers and rubber-modified
asphalt[J]. Journal of China & Foreign Highway, 2024, 44
(2):130-137.

AT Fi 0 TRV AR % RAP 5 1 0 7526 U5 7 1 4 k)
3 2% P fE AN I R BE A 52w BL A AT A (D). R A 4 B
2024,44(1):66-75.

REN Ruibo, YIN Liyang, XU Qiang, et al. Influence of
RAP content on mechanical properties and pavement
performance of warm recycled asphalt mixture[J].Journal
of China & Foreign Highway,2024,44(1):66-75.

RV R B B AR U T IR DRI 2 15 2 i a5
PG FE BRI S (D], HH AN B ,2025,45(3):25-36.

LYU Songtao, CHEN Qi, LU Weiwei, et al. Research on
evaluation index of low-temperature semi-circular
bending test of asphalt mixtures[J]. Journal of China &
Foreign Highway,2025,45(3):25-36.

SONG W M,ZOU X H,WU H,et al. Energy evolution in
fracture process of hot mix asphalt containing reclaimed
asphalt pavement and rejuvenator[J]. Theoretical and
Applied Fracture Mechanics,2023,124:103809.
JAMSHIDI A, WHITE G, HOSSEINPOUR M, et al.
Characterization of effects of reclaimed asphalt pavement
(RAP) source and content on dynamic modulus of hot mix
asphalt concrete[J]. Construction and Building Materials,
2019,217:487-497.

W53 AP B 5K TR AR B A FMA TR & ORI R S TT 2R
H1 9% 55 P fig BF 58 [JJOL]. b 4 28 % , 1-20[2025-06-27].
https://link.cnki.net/urlid/43.1363.U.20250627.1405.002.
LAN Yong, DENG Xinghe, ZHANG Zida, et al. Study on
resistance to reflection cracking and fatigue performance
of the ultra-high performance FMA mixture[J/OL].
Journal of China & Foreign Highway, 1-20[2025-06-27].
https://link.cnki.net/urlid/43.1363.U.20250627.1405.002.
XUE Y H,LIU C C,QU J J,et al. Research on pavement
performance of recycled asphalt mixture based on
separation technology of asphalt and aggregate in RAP[J].

Construction and Building Materials,2023,393:132103.



