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Abstract

Recycling of waste asphalt mixture (RAP) is a hot issue in sustainable and economic development
of asphalt pavement in recent years. The high and low temperature rheological properties and
mechanical properties of the old asphalt in milling materials can be restored by using appropriate
regenerating agents. In this paper, the high and low temperature performance, water stability and
fatigue performance of recycled asphalt mixture were evaluated through rutting test, low temper-
ature bending test, soaking Marshall test, freeze-thaw splitting test and four-point bending fatigue
test. The test results show that the regenerating agent developed can better restore the road per-
formance of milling material. Incorporating a self-developed regenerant into the milling material
will reduce the dynamic stability of the mixture and increase the maximum flexural strain, resi-
dual stability and freeze-thaw splitting strength ratio of the asphalt mixture. This shows that the
self-developed regenerant has improved the rheological properties of the old asphalt in the mil-
ling material, and the durability of the recycled asphalt mixture has also been greatly improved.
Compared with the selected commercial recyclers, the self-developed recyclers can improve the
pavement performance of recycled asphalt mixture.
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AR SRR B R A T SR IR TS — b B B T A AT R[] BEE kAL AN
SR AL PRIE A JE, ORI E A MR IR 542 . Wi i BE A IR B AR, SRR B TH I
IR A AT IR A R L FIVERR[2]. 9 TRIEE B IE W EATRE T, T X S AL M R 1H 0 75 BR T 2EAT
BRI EH B B AR PR A R R TR I 7 TR R (RAP) FT DA% S 4 3 780 LE A5 - Ji it — e 1 -4
TZEEAMM. MR TR AP R AR SR AR LSRR, R A H RS
B SN I BRI R R AURMIE RS b o A8 DLATRpEL R oy 2 1A INBGR 51U, BBk # A A AT
AR A AR PRI 3R 85 [3] -

TG, RAP s A s a4, WEhR Ay & 8 EIF B0 R SRR
S, mASBUIFRARHIETE. EH&EERFRS IR D, RAP FIH LB & A4 45 s
fE 4] (ERAEBAENFRSE T, ZBH0ESEE SR SRMRERTERE . KREENE. BT ERE
P EARIRIREMA[S]. Kk, v 7 iRm AN E R AR RAP MBI &, fEH & HAE RS R
HOIMAFRAEF, AT CLORAIE R A2 0 75 TR A RO I BEVR B2 208 HEI 75 TR A R REAR 24 KT o AERE LB DL T
FHAEFIMB RO AL, Bl S AR LRI, A ROt S 2 Th sk B i 47y
IR EAIE K A PEREL6] -
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BIREHANE R AR R A B ERA 20, ERAE— . i AR
RIS SEBUHE AR, SEEANT RS EHITERE T REZ 2w . AT, H4E
WE BRI P ER[7]. thhh, A EET TS T AR AN E RS RERERI R,
(BB T AT 4518 I AN — 2 X2, BHARIA0T A 5 18 A B2 i 6 i P FH BRI AA RN T, 3
BRI S B} P 5 HEAT WF 7 ) i) 26 B P 5 365 ) P2 7004 RE BE e bk RAP AR EE R A 8]

ARSI R ISR SR R R T R AR RAP BRI & & RECAREET T b . SR T B B
KR FRAETR ST AR FEAEFFIBETT T RAP RHE 80 35% A1 50% ) #4275 1R A RHHE FH PR RE o X H TR AT |
PURIRTT R PUR ST EMEREEAT TP o JF LA AR X o A PR 2 700 ) AR OR A 1 PP [9]

2. RIEHH
2.1. RAP ¥}

WEFTHE R R IR B VR ARk B T 1Ll RIS m il A BB B b R I B aRl, et T 0% 40
RPN FGH A R =84 0~2.36 mm. 2.36~13.2. 13.2~26.5. BRI VETE 540°C 444 T 0 & k4%
IHYG T IR AR R IH I & S TR B 3t T 7 0. 42 1 NS4 RAP FHIHI S &R as .

Table 1. Asphalt content of RAP aggregates in various grades
F#1 S RAPERFESE

oy RIS RT T /g PRI )5 i = /g i & E
0~2.36 22572 2090.8 7.37%
2.36~13.2 1583 1512.6 4.45%
13.2~265 2117.1 2029.3 4.15%
SR
2.2. ih8

ASCR F S infratest 23 ] f¥) 20~1120 AL H 3 IR H RAP 24 E . HeH =S Ok
el — ALtk NSt kbd, 784y OB 10 h BAE, 2 S PR TR, X FE A AES IR IR S E A 5
MABERIRE B ok . ARG R 55E TO#RE R I N AR B B A R PR A R 4R M. %08 (&
% TRRYI T R IR A RRRIE AR ) (TG D50-2011) % W5 A il 75 30475 MUPEBE 40 HT o PRI T B A A
fabrn 2 fow, [EOl PR bR o, SO B AR R

Table 2. Basic performance index of matrix asphalt
2. BRUAEEARMEREER

Wi A L5 mle/iNss
£+ N\ JE(25°C)/0.1mm 68.3 28.6
ZEJE(10°C)lem 40.1 0
FEJE(15°C)lem KF 150 9.2
Ak giC 48.2 53.9
135°CH5 £ /Pa-s 0.450 1.050

2.3. BEFR
XHERH T RL. R2 BRI A, b R B BARR AT B E0F kAR . HAER R2
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DT B — Bl AR, AR B RL 2R P A= 70 4 7 A M

ATVPAT . 20 o U T T AR R

MVE) (ITG FA1-2008) % PiAh A AT H IERE ST FERAERI S A D B 2V E WL 4% 3.

Table 3. Basic performance index of matrix asphalt

3. BEEURBEEARMREENR

AR R1 R2
15CH 0.931 0.936

PAYEVAS 241 237
60°CHlifE/Pa-s 0.450 1.050

24. MENET

BT BT AR R OR E L AR SO KR A o ARFEAH SR IG RIVE X RS R AERRE S A AR A 1Y

PPEPEREI . IR R A 4~6 P

Table 4. Coarse aggregate performance index

4. FERMEREIETR

PERESR bR MNP v N
HIER R 2 B Ig-cm™ 2.729 >2.60
W 7K 1% 0.42 <2
IS ILBEFER R/ % 215 <30
BHEE% 15 <5
Table 5. Fine aggregate performance index
5. MERMEREREAR
PERESR bR MNP v N
AR M FElg-em™ 2.729 >2.50
W4 E/% 73 >60
W[ 12 (>0.3 mm #543)/% 16 <12
Table 6. Mineral powder performance index
6. WOMHMEREIEAR
PEREFR bR ML R LR
WL % /g-cm™ 2.75 >2.50
EIKEI% 0.1 <1

3. BERERANEERITSHERAEHE

3.1. RECIET

PR B RA R R 78 EER, A BLOPRI A RS A M 4LBs s, BT AR TR
ERHIR SR AT B3 B I 7 TR R SEANHE CAWE T, AR T TR ORI B 1 BE 52 21 22 Fh R R RS2
EAnBL AR B R FHEFIR AL AR RE . AR E R SR RIRA R U B EERR. N T iR
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EF RGN RITERE, f BB R AR IR AR 4L [ 10] .
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W1 KIE 2.
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Figure 1. Recycled asphalt mixture grading curve (35%)
1. BEIHERESRIREHLL(35%)

— R FIR
900 e ER
oo | = ¢ ~EREKEEL
' e FEAL R
700 | m— G EE
~ 600
;«N; 50.0
)
¥ 40.0
30.0
20.0 //. P
/{ Z —
10.0 "
Rl ?.—/
0.0
0.0750.15 0.3 0.6 1.18 2.36 4.75 9.5 13.2 16 19 26.5

PR (mm)

Figure 2. Recycled asphalt mixture grading curve (50%)
2. BEIMERARHRECHIZ(50%)
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et %

32 miEFESHAERE
3.2.1. #A BUHRNBEFEFEANREIBAENITE

AL 3.6% 4.1%. 4.6%. 5.1%- 5.6% LA ST H &= HIE S8R, HxT S a8OR
AT G EURESEON E, THEAS R AR B SRR AR R R ECR, G
ZERNE 7 P

Table 7. Performance index of recycled asphalt mixture with 35% RAP content
F 7. RAP 28 35%BEIMT R AR REIEIR

PTEHE BHMEE  ERRAEE Gl ES VMA VFA Fea e idd
3.6 2.38 258 7.24 14.29 49.36 10.21 3.22
4.1 241 2.56 5.59 13.81 59.51 1058 3.57
4.6 242 254 4.28 13.64 68.65 11.21 3.88
5.1 242 252 3.67 14.11 73.99 10.82 4.64
5.6 242 251 3.15 14.64 78.49 10.63 5.51

M B AR B i KAE &y FRE RO ap R E agy W AL PE ay BUTMEAS
OAC, =(a,+a, +a,+a,)/4=4.61

B
W

R

FarE &

HidH

VFA

5
i
X

OAC,  OAC, OAC
3.6 4.1 4% me 5.1 5.6

IS E(%)
Figure 3. Repeat range of each indicator (35%)
Bl 3. BigtrESCE (35%)
MIE 3 IR ST E TG B 2R 75 & BN OACHin 5 OACha I {H OAC, = 4.55; 1t
AFI AL 75 F i OAC = (OAC, + OAC,)/2 = 4.58%. [HILIR A RAP ) 35%[1) AC-20 Fik i
TRERHRE T R 4.6%.
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3.2.2. A 0% HANNBEHTESRENSENISAENHTE

AL 3.6%. 4.1%. 4.6%. 5.1%-. 5.6%FAN B E HEHIESEURE, FH5 S #UREAE
BT BEUREIASEONE, THEARR ALK BT SRR I A AR B, e
gE R 8 fim.

Table 8. Performance index of recycled asphalt mixture with 50% RAP content
% 8. RAP 28 50%BEIMT R AR RELRIR

AR Eh BHREE HRRNEE S VMA VFA R idd
36 2.38 2.58 7.69 15.38 50.00 11.32 2.86
41 2.40 2.56 6.01 14.85 59.53 11.85 3.13
4.6 241 2.54 4.66 1453 67.93 12.03 3.52
5.1 241 2.52 3.89 15.06 74.17 11.48 4.10
5.6 2.39 251 3.43 15.78 78.26 10.92 4.69

M BB AR B R OAE ay. FaE IR ap EBRZE A ag. TV AR E ag BCFI9E A
OAC, =(a, +a, +a,+a,)/4=4.65

e

ME

VMA

VFA

OAC,, OAC OAC,__
3.6 4.1 4.6 5.1 5.6

W& (%)
Figure 4. Repeat range of each indicator (35%)
4. ZiBtrEESEE (35%)

ML 4 HHEUE B AR R A B BRI 15 5 =5 H OACmin 5 OAChx IH{E OAC, = 4.75; 1T 515 i
FEII T & OAC = (OAC; + OAC,)/2 = 4.7%. KL ZHiE RAP B84 50%H) AC-20 A H IR G
AL HIEH 4.7%.

DOI: 10.12677/hjce.2021.105056 502 TARTHE


https://doi.org/10.12677/hjce.2021.105056

4, BEBEREAHEAMYEENR

WE R AR R I % AC-20 #E4T . S A Z AL AL B A (AT TH RS &R 35%. 50% 0 F R TR
ERHA35. ASO)VBEAT T AR A RMERE R, T EAEFBEN 10%. [H R R EA7(B)
SHERHS BN 35%. 50%H) P i H R & BHB35. %mﬁﬁﬁ%ﬁ% FH R IGAIE IR 240 7 AR 7506 R 1H I
FIREREARCR, XA R AR R AT VN .
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Figure 5. Recycled asphalt mixture dynamic stability
E 5 BEHERERNIREEE

IR E SR, il AC20 U IR G R BN E FEAN AR/ T 800 /mm. HHI] 5 RI AL, IR ASCE
T 2 0 1) B B3 0 T VR A R B A E A KT 800 Yk/mm, 3 i B AR ST A 4T i A2 T R T AC20
DI IRA R EER, A, 37 ASHI FORIE R 10 A6 7)) 2% R BRI RS 5 35% R 50% 1) - A= I 75 R
Aﬂ%%%iﬁﬁmwAQOW%ﬁAﬂm%%iﬁﬁmkﬁﬂ ORI T TA%A 130%, X A35
ﬁA%ﬁ%ﬁfﬁ@ B SRR R E R 2 S T @ B R Gk . X2 T RS BHE S T N

o fEdr, WE BT RAEEN, SEERGEMEET R, MRS FHPUK AR IR, X
m%@ﬁAw%%ﬁéﬂ%@ﬁiaﬁ%?Amfﬁ@%ﬂmmﬁmﬁmﬁlw%@ﬂbiM%%%m
3 50%J5, FADHIRAEHZhTE BN T 32%.

[Ff AT LAE H, B35 W TR-A B B50 15 1R A BRI B AR g B 2250 0l KT AH R B kLB & 1) A3S Al
AS0 I RA R, X1 AR A8 T 47 I 3K 04 AR 77U (B) il 2% R0 7 TR AR iR L R R ) B, (R I
HREATT 0 I B A U R R SO SR S b, BN T R AR TR A RN, A PR T A
FRA B SR P UK AT e

4.2. KB M

ARCAGIE (A TR MR AR SZIGAFE ) (T 0715-2011) 0 H5E H 5 vEBEAT R IR 25 X6
R LE R 6 frs.
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Figure 6. Test results of low temperature crack resistance of recycled asphalt mixture

6. BEHFRGRHREZHIXELER

I ER, 9 AC20 Wit I AR K R K BRI ARG /N T 20000 1K 6 For, $&IEASCHE
() 2 B A1) 4% (M 75 TR A R R RS R RIS AT 2000, 33 1 I A S0 B 10 0 B A 5 5 B T AC20 i
AR ER, RN, 5 B R R AR A % B PR AR T IR AR (A5, ABO) (KK 2
JSEAZ P R B TSR, b, A5 FRAEVATIR A RMOR IR M RERE AL B T @I R AR K, X2
BN EEFIWE T ST B TR RS, 20 T T R i 2k Re . TS 7 R 75 IR AR R IRIE
ZPERE[1]. [FINF, A35 BRI IRARHGROR S BN A BT AS0 FHAEW TR AR, 7848 FAH IR 4
FIRIZAE R, FEARITR -SRI RE TR 47 52 RAP BHE B ISR . X2 BB BRI 75 2 4L
JG . BEAPRHOGE RS SRR R, BT CLBE AR B 1 0 £ B AR i R A R R T R B, 1T
FAERR T 2T RO R —E RIRER, B S aeHs B, BRI T EE SR A
L& FHPERE S IE WK 3 [12] . (FORHS Bt s R AR, (IR PEREARZE, X R AIRRHS BB,
PRI LA 2 B 2 AL T HEAT R R, S RO 15 T AR W 5 T AR AR B Rk 52 32 B PR
#.

[N, AR A 75 45 B AR D IR A R B K S R ARk, RS R — e i), ik
F B 1 % (0 FRAE W T IR AR R K25 B B AS BN T FAE A B B R A T IR AR IR IR A
SRR R A R R R T AR B, 35— B A IR AR R RE RO AT R B B S e — B

4.3. IKBEM

ARSCHEI CA B LRI M R RSB AE ) (T 0709-2010) A i (Y 75 V2 E AT 18 /K 1 87K 156
SURABS R R IE. SLIRg R 7. K 8 s

R ESR, Wil AC20 W IR A RH S aiUR B B A e S ANRE /N T 80%, VR FRES 79 5 LEANRE
N 75%. Wl 7. ] 8 s, FEMEASCRETE A S BC AR 5 X I T TR AR B B B ARUE AN R kB
S5 J3E LU A3 A2 I R, I A AR ST T 1A R E 5 A2 Y00 75 S T AC20 9 5 TR 5 R IKD R RRUE PR A 285K
AR 2 AR TR SRR AR E PR R S R SR T R R, ROV ER AR A
PRAPBHIAAAE, BLOPRER SR A S, IF BB HCRECR, S5 B A0 R A R R TovE ™ i I
BOFREE, s ARG R E N, TH., IREmAeRSE RS, REEAESIETFZRRE
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Figure 7. Marshall test results of water immersion of reclaimed asphalt mixture
E 7. BEHERARIRKDHRRAEER

100. 0%
= 90.0% | T T
2 | | T I
B | I
= 1
S 80-0% l
#R
i
¥ 70.0% |
60. 0% . :
EEPHFRE R A35 A50 B35 B50

Figure 8. Freeze-thaw splitting test results of recycled asphalt mixture

El 8. BEIFERGRIFRMEIZIAINER
IRAY, X2 T 5 RHRDRG B PR AT BORFISEME AT 2 5 e A2 0 75 T & R /K AR e M [13] .
Sb, BT AH-T0 W5 5 AR R EEBOR, AR & HKTT &R ARG, kX RAP
FEACII AT B, BT IHI S Z Al AF e — MO S b, Rk, 7232 B4 KoK rIHE R,
SARPREDOR . RIS, BEHGERDEHS BRI, (8RR A 612 05 75 TR ARk B RS 8 BB AN R Rt
BEZGRE LR A 7 — e AR EE BRI, 1K Ul W P A2 00 75 TR AR B /K AR R PR R A BE IR 5 B 3G I T AR 22
AW T ERIED R A R KRS E NI MR . A BEeIRHE 00 35% T, 1 AR A il 4 O FE
AT IR A RHTUKIE PR ATE ) 188 75 TR AR K

XFEt A35. AS50. B35. BSO PUAMHAEJIHRAE, ATLVE M, StllkHsE—Eny, M EA A

2 B PR A 0 TR B R B B A A AN R R B 2R i B K T A7) B il R AR I A R Ak, XU
PG AT B ARG R € R U s T AR B, XULEA 1 B ERT AR AR A B
AR BN T W SER AR Bo FRAEF A S5 AR B AHEURS R, [RGB URRMEAIR, P AR 77
A TEXS AT BRI RIS, B REAEARHT IH AT < (A VE e S8 n 2 [ A3 e B s . 7EIRRHB A, A
1A B PIRPAER,  EARHESREXNT IR )AL R B A RN BACIER], A A NS mina IR
SORHSARHRE B, AT s 1 ARV T TR A R K AR E 1
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Figure 9. Four-point bending fatigue test results of recycled asphalt mixture
9. BT RARN S THEFHIEER

FiE AC20 WE IR G RHIES7 75 dr A R BUFEHREZE = T A35. B35 UM EI B R AR, XK
QPRE 2 5 TR AR 57 VE REIE A RS2 . X2 BL R R i B RGO R v, 3
FIVEREAN Sy 22 PR REIZHT T B, RIMEZSIN T AR S bkl s i TH 0 B AT F A, (ESRXS IHI I PR RE R
PRI MRIRTCIFIE B T BT AR

[FIRF AT LA Y, A35 AT IR & RH 57 73 i A R BUFERIAE b B35 A IR AR =, 003
w1 7.9%M 27%, X ULH] T A35 B ST MERELL B35 (KL, SRl T ERFR TR A B AERCRET
i E A B
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BYERMMEREE S T @ SR AR W, BhalkHsE N 35003 InE) 50% )5, A IRA R s
SEEIINT 32%, mEktlkHS RS — IR m IR A RN ER AR M

2) M B TR AT A B85 1T AR T VR A R MR M e B AA B 1 @ U R AR K o 7]
I}, A35 FEA LT IR A R RO B LS AR B KT ABO FEAE TR & k), 1X R N Bk i T 2405
BERHOR MRS 2 K B, BT UG & 13 I & B A AR I i TR A R RIR DU e

3) A SCH i 35%A1 50068k Rk £ 10 T AE R A R K Fee Ve IA B 1 5 T B T 4 R, 3L
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1 27%, XU A EHER AR A FEAESRT 1 EREAR B, WS BERL 9% 55 M GE SR T
7
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