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Abstract

Under the long-term action of heavy traffic and external natural factors, asphalt pavement gradu-
ally hardens and ages, resulting in various forms of damage such as cracks and water damage.
With the increase of large-scale, medium-term repair and maintenance of asphalt pavement year
by year, a large number of waste asphalt mixtures have been accumulated. The storage of RAP
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materials has many disadvantages, such as occupying land and damaging ecological environment.
At this stage, the aggregate in RAP material is mainly used for recycling, which has great restric-
tions on the performance improvement and application of old asphalt. Therefore, this paper eva-
luates the regeneration effect of regeneration agent on asphalt binder and mixture.
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1. 5|18

TG LR IR, L ARSI 3, I3 6 1 P A R R 52 R 22 160
R, FEEUSEHRRMS . (AR —, J575 6 1 7 A BRI R — B RFER TR
N BFHERIL] [2]. ASCETIE 2, STIE BRI S EB, ®A% M0 AL B. C =M
FHAFGATRIE, WAIF=FhASE 2R AN R S50 A TR & R M BE e
2. BEFIFEARERR

IR ZE RO =M AR I BORIE AR BEAT RN, S5 R A% 1o

Table 1. The technical index of regenerant

F 1. BEFIEAER

T i A B c R R
60°C i (mms) 7052 10,255 5503 s Of}éi;; 00)
N A(C) 275 368 290 >220
MR Gy B (%) 18 20 26 <30
W AR AR AT S 20 B L 1.78 1.52 2.05 <3
TR A 0 1T S R (%) 1.25 1.40 2.16 <3, >3

SR, =P AR S IR R T b K
3. RAP 84 o #h

A RAP BLSRIE T R mid A ALk, JRIF RAP RS, S H 78— 2k, e
F T RAP BHHIIH &5 HIEfebs SRRE SRR SE R

1) RAP Bl & 8 M e 4

RAP B IHE 5 & 3.6%, HECHRUWZE 2.
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Table 2. The RAP aggregate gradation composition
% 2. RAP RHRECLARL

Jiii LR~} /mm 16 13.2 9.5 475 2.36 1.18 0.6 0.3 0.15 0.075
RAP Koy 99.8 96.6 75.6 475 32.7 24.0 16.5 11.7 8.6 6.6

2) IHIE R
P HR AR SO FH T 7 28 I B8 THORE R 3 75 4 B R, ISP AT IR0 45 2 IH I 75 i P Re g s, T
RGBT I W 3.

Table 3. The performance index of old asphalt
= 3. IRHEEREIER

T REFR bR £ FE 25°C (0.1 mm) HEFE 15°C (cm) AL (C)
B 21.5 32 71.0

ARG SS R AT, AP 25 CH AN 15 CREFEANFAL s YA RE 2 BORTEPRER, IiH B
FMEIN: PR TR, SRR, EERRFIR, JOHRE NBENIE AR AR M
FERBONEE RN, BRI T IHERERERE, RIGRY, RAP BHIH L™ ELZL.

A UL BRI AR, BRI E SHE AL, WA R AR HA, N EERAE B 35 R
K, BCHE mURURE FE I 525 486 K (3] AE AR S RHBOTH L AR b 7 225 PE AR A A, DU SR IR B i 2 4k
W75 L RESRE o
4. BEFIEITN IERE

X it AR [ WA R0 T REAT % AR o G 06 DA 5 SR [ 7 2 R T AR B B R IRANMBE Y
T I SEJE R 75 4% B8 4% 8% 12%35 INFRAE AR HEAT 4N AL i KOS R o 16 2 R S 4% it
TRPR MR R WA 40 RIEEIOETE K =R IRIER, #iE AL By C =M EARRIIERILS i
HHE.

Table 4. Improvement of performance of old asphalt by three kinds of regenerants

F 4. ZMBEFIMIRHEERENE

AR BE £\ JE 25°C (0.1 mm) FEFE 15°C (cm) BALS(C)
0% 21.5 3.2 71.0
4% 372 14.8 63.5
AT 8% 65.4 26.5 51.5
12% 86.8 45.0 45.0
4% 452 16.1 60.5
B 8% 70.5 354 49.0
12% 94.1 80.6 415
4% 30.5 9.5 68.0
c 8% 57.3 18.1 56.5
12% 68.6 38.6 51.0

i FBETIMATRE, BerEE.

WA IRIGEE R, HALHEARBE T =FEAEAX BT EEAE . 2. AT SEE SR K,
T 1~3,
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Figure 1. Penetration
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Figure 2. Ductility
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Figure 3. Softening point
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Xt BRI S5 R BEAT X LE T, A9

D) ERGHAE T B, BEE B E PRI, SRR A RN SGE, RUIRNE
PERERIHRTH 5 HAE RS B2 IR K[4]

2) BINFESE L AR, =R AT R A BOR TR ROR: B A > AR > C &, Moy,
A AT B B A 8% LA REIH A2 7O INBIRTEARER, C R AFBE 12%I 4 fEik 2IH H
MBS R

3) =AM ERAE SR IH A ST A B2, IR AN S 40, A LA B BRI IB S IA S 12%0 ,
BAL B L AR TO#MTT B HARTEAR K

LREEIET, e R M B B EAFBEAT IR SR B R MERERT U, BAEFER I AMBIL, B8N 8%.

5. BERESN T
5.1. WIHRED

IRAENIRTTH 5 R, S5 A IHIRA R AC-13 BT RECA G, BT B A i g & B oA K
# 10~15mm. 5~10 mm. 3~5 mm FIHLHIED 0~3 mm.

N TXAFE RAP B8 T HARG BT KRG, AKITCRH 0%, 20%. 40%=AA[FHBEH)
RAP HHTIRE, SF AR RAP 15 & T FAE R A RO PERE 22 7 1 o AR 4B UG 1 E 11 RAP RS & &,
SEAFEM RAP BHB&E, 70l E 5F RAP BHB & FHARKHE, AT BA TR
PEANS][6]. H, #rdsininiE M 70-A SUE AT, & MRERIE 5.

Table 5. Synthetic grading curve of RAP materials with different content
% 5. TEBE RAP HARRE L

AL /mm 16 13.2 9.5 4.75 2.36 1.18 0.6 0.3 0.15 0.075
RAP A 43 99.8 96.6 75.6 47.5 327 24.0 16.5 11.7 8.6 6.6
LA 10-15 96.6 52.8 3.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ZEA 5-10 100.0 100.0 100.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0
KA 3-5 100.0 100.0 100.0 46.0 4.4 32 32 32 3.2 2.5
HIA 0-3 100.0 100.0 100.0 99.8 76.7 483 26.0 14.4 105 6.7

) 100.0 100.0 100.0 100.0 100.0 100.0 100.0 99.9 94.2 87.3

AC-13 LR 95.0 88.0 72.0 42.0 28.0 20.0 15.0 10.0 6.0 4.0
AC-13 TR 100.0 96.0 83.0 55.0 38.0 28.0 20.0 14.0 10.0 6.0
Gl 97.5 92.0 77.5 48.5 33.0 24.0 17.5 12.0 8.0 5.0

0% RAP k& g ic 99.2 88.7 76.8 44.3 29.1 19.5 12.2 8.3 6.9 53
20% RAP Bl e 99.4 90.8 71.7 42.1 28.9 19.7 12.4 8.4 6.7 5.0
40% RAP Bl e 99.5 93.0 78.6 42.7 29.0 20.0 12.8 8.7 6.6 5.0

5.2. MEEETEMN

1) EiRRE ek

ACWF T AF RAP BHBE N EAR SR S IRIEREAR L, BN AT 208 AR B I T 5 i
PERERISEM[7] [8], WFFE T ANHB & RAP B N2 BB IR A RSB K SRR, 4508
W22 6 A1 4,

DOI: 10.12677/ms.2021.118109 946 PR R


https://doi.org/10.12677/ms.2021.118109

BRBH B, B

Table 6. High temperature performance of recycled mixture with different RAP content
= 6. IN[E] RAP B EHERAKSIRMRE

FAFI RAP #li5E D1 (mm) D2 (mm) B FE DS 1A (X /mm)
0% RAP 4.60 5.19 1068
Nz 20% RAP 3.15 3.48 1909
40% RAP 2.16 233 3706
20% RAP 3.23 3.58 1800
B #
40% RAP 247 2.75 2250
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Figure 4. Dynamic stability line chart
B 4. shfaEEF&E

ghit: BiE RAP BLHEMIIN, FHARS B & IRSIFRE BOEE M, A8 RAP BHY iR 14 6e
7, XU, BT RAP RIS RGO R AE T 2h, RAEBLMDIERE ST FIRA B &R
PERE R IE BN, FIFEE RAP BT & A hnsh i & B AW .

5ABIEARKDEIRSGEAELL, BN AR HIRG R SRR G RS, (FAKIH 230 H B
RAP KA & 1Y 0 2 A 2R ik #a %, 3 5 W BDASE 7 A2 700 m LA RAP RHh & 2 AL I & IR &5 BHE 2
—EMEERIRE, (H2 AR 2K E B 5 8 e IE P REFE b .

2) [T

AU FAE R GORMIKIR BRI T i R, 2 Al X ANE RAP B8 BARBINE ST 1
NEARIR S #AREG[0]. RIRLE R ILE 7.

Table 7. Low temperature bending test data of trabeculae with different RAP content
F# 7. N[E RAP BE TN RREZHIXIEHKIE

FAFI RAP k55 P& iR /) RB, MPa BRI g5, pe L ih ) E R SB, MPa
0% RAP 6.31 2393.29 2635.30
N 20% RAP 5.72 2022.45 2830.18
40% RAP 441 1338.98 3292.36
20% RAP 6.17 2256.95 2733.78
B %Y
40% RAP 5.79 1965.18 2948.49
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45k BEE RAP RIS, FAERGEIES R LS AR 2 @S, SRR EThE
%, EEBTHE RAP SEHIINAE LRGSR 2U0HE NS BRI, Hibe TSRS H
SR PEANES LN AR HIREAR, T3S P BER R T, Xk — DR T AR TR AR AR R R v 7 R A
2 A 1RSSR AR AR 1R B E R MR R

BN G, BARASRMRRIERA FTEcE, HACRIFARE.

3) KEETNE

ASCHEL T ANF RAP B8 AR ARHTUR B PERE RV, R U 8% 28 BEAT 48 IE[ 10]

Table 8. Effect of different RAP content on water damage resistance of mixture

% 8. T[] RAP RHEEXHRE ARUKIRE 4 RERI RN

AR RAP k55 VR Al T BS 2498 5 (Mpa) 5 Rl 5 5% 2408 5 (Mpa) TSR (%)
0% RAP 0.93 0.73 78.5
Nz 20% RAP 0.93 0.71 76.3
40% RAP 0.73 0.55 753
20% RAP 0.88 0.68 713
B
40% RAP 0.90 0.71 78.9

H13E 8 WTLAE Y, BEAE RAP RIS IN, FRAW0TE A RHES RO ERCHHE I 5 IR & R R LA T IEIK,
EFEARIE I AR SINEAER G, TSR EWERA KRNSO, R AR RSRKRE S B4
RIEAK.

6. &it

AR SC T B W 52 TH 5 AR A S 0 RS = AR R A B AR AR B AT T, SRR

1) FEIEDE SHE L, FARTERERAEHE RS, S NBERIGEFE B35 PR, Ak s ARG
MK, EFAER AR R FR R R AR, DURE IH B T 2 A 5 R B FE b o

2) BRI EAE T R W, BEE B RN, WEEATRE H RN SGE, REIRGE
PERERIAR T 5 AR & B AEAR O B 0N R 45 Lo A SRR, = B A 7R TH 5 7 B0 AR i s 50 AR «
B& >AR >CH, H, AR BMEAFBE 8% AR 2 708 M ARIEFRZR; —FPH
A SRR TR 4 B 3R A AN 2

3) RAP B 240305 15 6 VR A R AT ve i M B AR I T A8, 4500 1 A6 70U 30 7 TR sk v i Mk BB A P BRI
AR IH 2 I BE RAP R S 1IN 20 A FESE N ke %y, 3 15 B BV 3 AR 790 mT LU RAP B 482240
M5 IR S5 RS B — e BB IR, R IR 8 AWK 25805 15 56 A AR R P Re daAr

4) B#E RAP B S IIIIIN, FA VR AR08 hr 0k S s AR 2 e 3%, ShEE i & T3,
HBE—2BAIE B 7 7E TR AR AR R 7 8 AR S 2 A I T R S R R AR TS B — E R R R .

5) BIMEARE, TSRAERARKSON, RHEAEDTEIRA KA E M5 H AT OEA K.
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