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Performance and Application of Viscosity Recovering Recycled Micro Overlay
Based on Fine Separated RAP Fines

SHE Zhaoyu', CHEN Xianghui', LI Ning®", XIE Zhiwei*, TANG Wei’
(1. Jiangsu Xiandai Road & Bridge Co., Ltd., Nanjing, Jiangsu 210018, China; 2. College of Civil and Transportation Engineering,
Hohai University, Nanjing, Jiangsu 210024, China)

Abstract: The key to asphalt recycling lies in the appropriate selection of the recycling agent. To improve the
recycling value of recycled asphalt pavement (RAP) fine materials, based on fine separated RAP fines and
combined with viscosity recovering rejuvenator for recycled micro overlay mixture design, the performance of
recycled asphalt binder and mixture was studied, and the influence of different rejuvenator types and RAP
content was analyzed. The results show that: considering the recoverable degree of aggregate gradation and
recycled asphalt performance requirements, the maximum content of fine separated RAP fines in SMA-5
recycled micro overlay is determined to be 30%; compared with ordinary recycled asphalt, the softening point,
5 °C elongation and 60 °C kinematic viscosity of recycled asphalt using viscosity recovering rejuvenator are
higher, and the pull-out strength is close to that of high-viscosity asphalt; with the increase in content of fine
separated RAP fines, the high temperature performance of the recycled micro overlay mixture is improved,
while the low temperature crack resistance, water damage resistance and raveling resistance performance are
reduced. With 30% RAP content, compared with ordinary recycled mixture, the recycled mixture using the
viscosity recovering rejuvenator is 45.2% higher in low temperature crack resistance, 1.7% higher in water
damage resistance, and 23.2% higher in raveling resistance; according to the engineering application, the
recycled micro overlay using fine separated RAP has a good effect.
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Figure 1 Process and product of RAP fine separation
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Table 1 Gradation and oil/stone ratio of RAP fines

fiii L./ mm AR/ £/
4.75 100.0
2.36 94.8
1.18 79.9
0.6 57.5 11.04
0.3 39.4
0.15 31.2
0.075 25.5

&2 RAPHABEZLHBHIR A MR
Table 2 Technical properties of aged asphalt in RAP fines

T H L ¥D) NS S L 7
EFAJE (25 °C) 0.1 mm 23.2 T0604
HEFE(5°C) cm 0 T0605
Al R (R C 70.5 T0606
135 “Clie i )i mPa-«s 3617 T0625

1.1.2 HERST H
HAER R X R A 4 3~5 mm Ml 0~3 mm M £ ;
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Table 3 Technical properties of new aggregates and

mineral powders

mH fr RAER TR Rk
2 A X 2% 2.724 =2.500 T0328
TR % 2.5 <3.0 T0333
2 45 B i

524 % 69 =60 T0334

0~3 mm
WHEME  g/kg 4.25 <25.00 T0349
b ik s 48 =30 T0345
2% LR X} 2% 2.803 =2.600 T0304

A AL

W 7K R % 1.04 <2.00 T0304

3~5mm
JEAE(E % 11.7 <28.0 T0317
2 AR X} 25 2.892 =2.500 T0325
YAPETE AL 1 <4 T0351

1.1.3 B
e v 2T R OB U R A5 RE, R 1 RE
J[—LI‘%% 40
x4 BRHETHEAERE
Table 4 Technical properties of high viscosity asphalt

g L¥D) IR S W 3 R
FABE(25°C) 0.1 mm 58.3 T0604
Bofl i Rk ) C 90.5 T0606
HEFE(5°C) cm 59.7 T0605
60 C3h I3 Fh £ Pa-ss 242 900 T0620
135 “CIie % Fh mPa s 2040 T0625
B s ia % 0.2 T0610
RTFOT JF
A AL % 78.0 T0604

1.1.4  FA: 7
SR FH 3 38 754 71 (CR) B B K &2 754 71 (SR)
AR M RE Y A7 A (A B W 7 B A B R B )
(JTG/T 5521—2019) Ay Bk , H & £ K 7 6g W
#5.6.
x5 LEBEAGEARMEE

Table 5 Technical properties of conventional rejuvenator

A A MREE R HRERESR R

60 CHH FE mm?/s 72 50~175  T0619

I A C 241 =220  TO0611

TR 53 % 18.4 <30 T0618

R LA T T S A L 1.4 <3 T0619
WA IS0 5 B Bl % 0.4 —4~4  TO0609

R6 FHEREBENNORAERE

Table 6 Technical properties of viscosity recovering

rejuvenator
BgE| i PAEER SRR SR Wk
60 ‘CHh ¥ mm®/s 139 50~175  TO0619
N A C 245 =220 TO611
IR % 16.3 <30 T0618
TS AR 10 1SS B L 1.1 <3 T0619
MR RS 5 st % 0.2 —4~4  T0609

1.2 BERMEEESHEIT
1.2.1 RAPZ4ifHR K5 &1 e

(1) 25 g e ol 1 52 1 )

RAP 41 kHE 2 i = i), 5 80 4R R miR A et
(Y B TH 2 BE i 2 H bR 9 E v [ (S8 B TR v —
Gl ED) BRI Rk, TR A RS Y T R
T £ 2 2% 18 f77E RAP 40RHR KB, i = (1)
HEAT AL

P;

(1)

a = min
iR

A a8 RAP 4R R K45 5 (00) 5 POl AR I 7 1R
FRERE O ALE 1 R R () 5 Pl RAP THER B h 3
i L ) 38 3 3R (06 o

RS FE SMA-5 BB A R (D3
S AR R T TR SRS RAP 410K KB BN
36.3%0 AR IR T,

RT EEREREHENRAPHBEXEBE
Table 7 Maximum content of RAP fines determined by

considering gradation restoration

ALY /mm AP AL R/ KB o/ %
9.5 100.0 100.0
4.75 95.0 95.0
2.36 46.5 49.1
1.18 29.0 36.3
0.6 23.0 40.0
0.3 18.5 47.0
0.15 15.5 49.7
0.075 13.5 52.9

(2) BB TERE 2K

LR 0 AP RE 2 5 R P AR R TR SR
PERERYSCHE M 2K, 2 RAP 406HE B3 I, 2 46 75 12
PR E A BRI, S22 HE T
191 38— 5 BIR JEE I, P A 0 T 0 M BE R TC A Bl 2 4
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Figure 2 Performance of recycled asphalt and its relationship with the proportion of aged asphalt
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Figure 3 Synthetic gradation curves for recycled micro

overlay mixture
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Figure 4 Viscosity and tenacity test
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Figure 5 BBS test
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Figure 6 Specimens before and after standard Cantabro test
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Table 8 Conventional properties of recycled asphalt binder

135 Cles 60 °C3
SAJE/ #ALS/  5°C 5 Thest o

HVA 58.3 90.5 59.7 2 040 242 900
HVRA 42.5 81.1 25.4 2526 514 200
HVRA-+CR  49.6 75.1 33.9 2177 393 400
HVRA+SR 44.2 80.2 38.5 2 398 474 500

H1 3 8 T AL A R AR R S, AR T AN
B A AR A2 L LA ] . 5 HVRA+CR A 1L,
HVRA+SR ) #cfk 5 .5 CHE FE & 60 “C3ly 1 5
e, R U SRAE S T RHAETE BRI W R T AR
i 7 IR A S PR R IR B TR RE T
212 Hiftk

A U T SRR B RIS 2R W3R 9.

®9 BERBREMNFETGE
Table 9 Viscosity and tenacity of recycled asphalt binder

Wi R T.,/(N+m) T./(N+m)
HVA 27.8 19.9
HVRA 12.5 7.7
HVRA-+CR 16.4 9.2
HVRA+SR 24.9 12.1
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Table 10 Adhesion properties of recycled asphalt binder

IR ES LR/ MPa
HVA 0.241
HVRA 0.156

HVRA+CR 0.172
HVRA+SR 0.228
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Figure 7 High temperature performance of recycled

micro overlay asphalt mixture
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Figure 8 Low temperature performance of recycled

micro overlay asphalt mixture
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Figure 9 Water damage resistance performance of

recycled micro overlay asphalt mixture
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Figure 10 Raveling resistance performance of recycled

micro overlay asphalt mixture
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Figure 11 Recycled micro overlay after

2+ years in service
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Table 11 Material list for different maintenance solutions

P WA RAP  HER AKRRS HUE Ao
/% /% /% g/ S/ Y% S/ %

demBMH 7.5 92.75 0.30 6.96

2 em R 7.3 92.92 0.30 6.78

2 em 4=

6.8 31.10  65.35 0.30 3.13 0.12
[p&A)

R12 BMBIARGRA . BEFE BRHE
Table 12 Unit cost, energy consumption, and carbon

emissions of materials

" BN/ B RRHE L/ B REFE/

B — —1 ~ -1 —1

(Jtet ) (kgCOLe -t 1) (MJ-t™h)

RAP 55 6.75 2.28

Bkt 300 2.46 31.82
KA Y 3100

ERUiN 5410 374.82 4.900.00

A AR 5 30 000 374.82 4.900.00

T < X T A SR 4 2 010 Bkl O R AE , PG Al i R S e 3R IR
e EL BT (5 L R 5 8
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2024,44(1): 66-75.
Feipgi % (LEE] m%*jr#im/ Mjéﬂriﬁ‘m/ B AT/ AEFE/ REN Ruibo,YIN Liyang,XU Qiang,et al.Influence of RAP
/%  Gteth  (GEem?) (kgCOest )Mt ) content on mechanical properties and pavement
LemEiE 75 663 .83 69.04 28 35 370.30 performance of warm recycled asphalt mixture[J].Journal
of China & Foreign Highway,2024,44(1): 66-75.
2em @ 7.3 654.99 32.49 27.71 361.93
[5] OLIVEIRA J R M,SILVA HM R D,ABREU L P F,et al.
2 em 6.8 428.00 20.85 15.91 181.05 Effect of different production conditions on the quality of
PR T hot recycled asphalt mixtures[J]. Procedia - Social and
Behavioral Sciences,2012,53: 266-275.
4 2—%— 7w [6] OBAID A,NAZZAL M D,ABU QTAISH L,et al.Effect of
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TR I8 1P A 05 7 1 R R L B 7 SMUA-5 780 B 1 10 Engineering,2019.31(10): 04019213.
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