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Abstract

In order to further analyze the influence law of RAP content on the performance of the mixture,
standardize the scope of rap content of the plant mix hot recycled asphalt mixture, based on the
laboratory test paper, the paper studies the influence law of the way and reasonable amount of the
recycled agent, rap content on the road performance of the mixture. The experimental scheme of
adding regenerant to the mixture to recycle asphalt is put forward, which is more consistent with
the actual engineering application. The research shows that compared with adding regenerant di-
rectly to asphalt, the experimental scheme has poor regeneration effect. It is suggested that the
amount of regenerant should be increased properly; adding regenerant can significantly improve
the penetration and ductility of aging asphalt, but the softening point is slightly reduced with the
increase of rap content, the high-temperature stability of the mixture increases first and then de-
creases, the low-temperature crack resistance and water stability decrease gradually. It is rec-
ommended that the RAP content should be controlled at 30%.
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2. JRHRHERR

2.1. SEEIRIREC
ASCRT I BERELR B TRk ik, JFIRARIRAC Y AC-16, AT A SBS ttEnTs . Rl ehg
PG 709 10~20 mmy 5~10 mm. 0~5 mm =44, X & R4 EE AR #EAT 3R A5 i 70l iaat R ILE 1,

Table 1. Test results of extraction and screening of milling and planning materials

1. BEEARHERF IR AR

RAP (10~20 mm) RAP (5~10 mm) RAP (0~5 mm)
§FL ) (mm)

S bt e 5 R e S5 EitiErTn) e S5

19 100.0 100.0 100.0 100.0 100.0 100.0

16 86.2 90.7 100.0 100.0 100.0 100.0
132 75.3 82.2 100.0 100.0 100.0 100.0
9.5 19.7 32.1 82.3 90.2 100.0 100.0

475 9.7 185 17.8 30.6 97.3 99.8

2.36 3.7 13.9 7.8 16.5 53.4 75
1.18 2.1 11.8 2.3 14.7 423 60.3
0.6 1.3 9.6 1.3 125 37.9 46.6
0.3 0.3 6.9 0.7 9.6 228 26.4
0.15 0.2 5.6 0.3 7.9 18.7 20.7
0.075 0.3 45 0.3 6.3 123 15.9
WiEEE 3% 4.4% 7%

XFEE AT il B B Je VR A R R R A T L, RS R A RO AR S R RS, BRI R S
B, E BB AR AR i 70 B IR SOk B LR R SR R T Ol B AR AR
fitl; [FI B EE RAT A, MRS SR THERNNE S8, T2 THRREH,
R, X IR P BE 7B .

2.2. ERAIIB R ARIGHR
WX AR A RE, 4 10~20 mm. 5~10 mm. 3~5 mm+ 0~3 mm PU$4, 43555 57 SR A4
PGB ORI FEROR FE AR HEAT IRAE,  FARIEAR L 2,

Table 2. Physical and technical indexes of aggregate

= 2. ERMIBROARIER

A - . Wk Bkt
L/ ST N =t BAL HAREER
10~20 5~10 3~5 0~3 10~20 5~10 0~5
EAR g/em’ SEIME 2.652 2.738 2.708 2.692 2.708 2.744 2.683
TN g/em’ SIME 2.726 2.784 2.761 2.788 2.746 2.793 2.745
HRRER % <15 10.13 12.76 - - 12.38 13.12
JEE % <26 20.88 22.67
BEFELE % <28 21.98 24.08
b4 & % >60 - - - 72.69 - - 68.69
e f v s >30 - - - 33.62 - - 34.03
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WX BTG )y SBS BtETs, ZH (A IRRNE LHHEREEHRI ML) (11705075 #EA7H
KHARTEbR L, WL R I 3,

Table 3. Technical index of SBS modified asphalt
= 3. SBS BB R AR

i 2 HOREER IR 45 R IR 7
EFNEQ25°C, 55, 100 g)/0.1 mm 60~80 68 T0604
FEFE(5 cm/min, 5°C, cm) >20 28 T0605
AL AE(C) >55 63.7 T0606
BEIRE (135°C, Pa's) <3 1.831 T0625
W E(C) >230 331 TO611
TR (%) >99 99.83 T0607
25 CHERE >65 95.7 T0662
HEE(25°C, glem’) LW R 1.020 T0603
ek Jo E AR R (%) <£1.0 -0.27 T0610
ERL EFABELL(Q25°C, %) >60 77 T0604
(163°C, 85 mim) HEFE(SC, cm) >20 26 TO605

3. T #ABEIERESNISE T
3.1. BERBE

W M AR A A D, EARRGEAERDOM AR, WE S BT EAEAIR, HUIL R A
GROPEHE RN AN AR, PR AL IS R A RS, T AR W ek T G ARSI A
7, CA M BRI EAI T A RCR, XA NS SKBR TREN IR AR . 9 7 2 RIS A
Tr AR PERE RIS, WSO TR AT S, TT R SRR BRI, ARSI AR
A, ERE IR A NS, AR E TS S, WRKERRE: TR SRR
B iATSBNREG R, SR m A f AR A, SRR BBt e fh T, T FR A
R LR T R B IS R 2%, 4%, 6%. 8%. 10%MI LR, W& AR WL 4, AR
B B AE T BB BRI 1~4 PR

Table 4. Test results of technical indexes of asphalt with different amount of regenerant

* 4. TEBAFIBEEH THBERAEFRRER

— EEVEE(0.1 mm) BALR(C) 15°CHE% (cm)
FlBE
E S I - VIE TR WE S TR

0% 37.3 37.3 65.6 65.6 8.7 8.7
2% 48.7 453 63.1 64.5 12.9 116
4% 553 52.6 61.9 63.1 17.1 153
6% 61.9 57.5 59.4 61.4 20.4 19.0
8% 65.2 60.9 58.7 60.2 225 217
10% 69.6 63.6 55.5 57.9 239 234
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Figure 1. Variation of asphalt technical index
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Figure 2. Variation of penetration of asphalt
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Figure 3. Variation of softening point of asphalt
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Figure 4. Variation of ductility of asphalt
4. HBEETHAE

i FIRRIG 4 Bl a2 —FAFBEKRT 6% HE_FEAEFBEAT 8%, WMHERATE
W R A B BT b R AR RE Y (1216 et & AR ER . AR SR AR R8T Ao A7
BNBIREE S SR B R, BiE AR S B EN 8%.
3.2. RECIIT

R (A BIHE BRI TR ARMEY HoRE R, HATRARZR &, il AC-16, RAP
N 0% 10%- 20%- 30%. 40%- 50%, EIT B SALERIIEE], RIEARR RAP B &% NI
BB AN A B L MO (S TR FLE I R N A I 2%, SREIHEFLIE I R R +1%), T’
AR RN 5, IRE R 5 .

Table 5. Design gradation of mixture

5. RARNEITRES

RAP &

il 0% 10% 20% 30% 40% 50%
19 100.0 100 100 100 100 100
16 95.1 95.2 95.3 95.4 96.5 96.6

13.2 85.1 85.3 85.5 85.7 85.9 86.0
9.5 72.6 71.7 72.1 73.2 72.9 73.1
4.75 45.2 453 45.6 44.7 44.8 45.0
236 314 31.7 31.3 31.5 31.1 31.8
1.18 24.8 25.1 25.6 24.7 24.5 23.8
0.6 18.9 19.4 19.8 19.4 19.5 19.2
0.3 13.1 13.5 13.8 13.7 13.9 13.8
0.15 9.6 9.9 10.3 10.5 9.8 9.9
0.075 6.2 6.6 7.1 6.5 6.9 7.2
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Figure 5. Design gradation of AC-16
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Figure 6. Volume index of mixture
& 6. R ERHATRIERR
H1 &l 6 SR B AR AR R AR SR IR L A B 8RR E FE RN ME )« BARRE ERKE ar. ZRRHRE
as~ i}ﬁ%’iﬁﬁl}g?ﬁ‘*‘{ﬁ g i;l‘ﬁi}j_j%iﬁﬁ% OAC]o
a +a,+a;+a, 48+51+44+50

OACI = =
4 4

DA TR BRI FF A H AR ZE R )5 H V5 OACpin~OAC e FIHE T H I H & OAC,.
OAC,, +OAC,. 45+53

4.8 (1)

OAC, = 49 2
) 5 3 2)

PL OAC, A1 OAC, FIFFE T HIR & R i H & OAC,
OAC — OAC, ;OACZ _ 4.8;4.9 40 3)

A1 EIRTTVE AT BLTHS 2 RAP 3808 30% MR & R R T 88 4.9%, FEA 15 HAE RAP £
BEM MRARRRENTME, WK 7 Pos, Sl EHEF TR BURRB ARG L 6.

Table 6. Optimum asphalt content of asphalt mixture with different RAP content
6. TR RAP BEHBRANRENTERE

Rapjpu IR ERRER smron wmace veaen  PIEEER g
0% 4.5 2.511 39 14.7 73.5 11.8 32
10% 4.7 2.508 4.2 14.3 70.6 11.3 33
20% 4.8 2.510 4.0 14.5 72.4 12.0 3.7
30% 4.9 2.510 4.1 14.4 71.5 11.7 3.6
40% 4.9 2512 43 14.1 69.5 11.6 34
50% 5.0 2.509 4.7 14.4 70.8 10.9 4.2

i BRI T RIBE RAP S &E N, RERHRENEHE 2 RMEs, EERZEY RAP |
WEZWTE, MEZEOR, BRESRREITERE R, WAMNESRHERIN, &00hE 55 5
R kS, REEZEERIEEN, SEUREN TR EBAH. huliG s R MR e o &%
fFF, RAP SEXNE GRS BURMAR TSR B BR300 .
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Figure 7. Variation of optimum asphalt content with RAP content
E 7. RIEHEREME RAP EETLNE

4. THHBEREERNMRESTT
4.1. SEEEY

EiRAE R IR N E IR G RHER S/EH TP KAZERIGE /1. IiE IR AR50 5 iR
FITEE T S2UR AR, EiRAR e AR SRR . #HEERE, MARAMEEN TS, MER
G K AR B HTHE R . ZRRa 6 2 — PR FOL S s 2556 o7 207 I 1047 B v 2 B 4 B ik 56 v,
RPN I E RS R E RS TIRPrBE MR s A e 1y, 0645 R 5 SL bR g I A 2 30E R I roaa et
BTz TR TR A R E R RE

ZER T 1 R ] o N R S R B AR T A B B, EROAIE B E R TR SRS 15 min HIRsH1BTE,
BT SRR, HEERSHsEEE, HEARWM IR,

tz_tl

DS = x42xc¢,xc, )

2 1

Kb d—mr8EAE I ) ¢ (— 8 45 min)i R RBUREE
d— A BECAE I ] & (— M 60 min) i 1 ZE 30K FE 5

o— R RELG

cr—RIE AL HIE IE R L.

AR RAP 558 195 5 IR AR T R R0R50, TR ARHAIG 25 R ILIA 8.

B BRI TT, TRARISIARE L RAP BRI KRS/, FEERRF N RAP h&f —E
BT, AR R, TERAAE R R AN T R AL, RGN N,
W B SRR AR R AR A T RO . AN E IR R, AR R A
MIFR R IR B, 3657 AR I 7 T AP T AR ORI R ], 3K TR A RHAIRG R g, A3
W IRARHOBUEREGE . T B A RAP HRAE RS S A FIFEEE B, M 2B
RAP B}, JRA R ARDT F R38n, SRR B RE 17255, MPisiR By Itae s, SEGRE
BHEANIEH T35 5 KA TE, PLERMERERIC. T RIBINE E 1 RAP KR8 B Z G0 R Ak 1
HREME, 2 RAP B RN 30%I 1R & KK w B Fa e T it
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Figure 8. Analysis curve of asphalt mixture rutting test
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Figure 9. Variation of dynamic stability of mixture with RAP content
E 9. ‘RARNIZEER RAP BE2THHE

4.2. [KBInEH

MRIR A 2L TF B T W 2 —, MR ERACRT, IS B Sr~ Emgs, E4ME T LR
FERL Sy, # IR I IR AR B VPR /), W SEIH BSIR, ERegmads. Harrninsg
TRARMICIR TR M BE 7 2 KRBT AAr =2 T &R & BT 2GR L . PPN & TR A R IR A TS
REST VP I B TR AR 2L RE o 18 SCR GRS RBP4 A RAP B 2440 MR A BRI RS,
RIS R I 10,

B RGP RIS RAP 581030, W IR A BHOBER AR #TR /N, FERFN RAP fEH Y
R RE R, IRA R 2SR kD, AR AR, 5 B0R AR R R AR 2
BN, 5 PP AR T 20 . WK RAP BEOK, B RIEMEAR, EREARS THPUBIR
AR RE TR, TRARMRIR ST, 2 RAP B8 KT 40%II VR 2R R IR T 24 RS K A 10 2
FSCHE B3R o
4.3. KEEM

IKMAFAE BRI SR MR E, SEERR ST RE, DR, JURSERE, KitE
CL A I 7 B T L0 5 o 18 SR AR /K Sy BRI BB6 AN R i8S I PP RAP 45 B0 R A R KRS 2 VERE
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Figure 10. Variation of failure strain of mixture with RAP content

10. SRERRIFR LR RAP S ETWME

Table 7. Test results of water stability of mixture
=7 RARIKEEMHRBER

K DR R VR 2R %
RAP &
MS; (kN) MS (kN) MS, (%) RT, (MPa) RT, (MPa) TSR (%)
0% 9.77 11.38 85.9 0.75 0.93 79.9
10% 9.45 11.21 84.3 0.72 0.92 78.9
20% 931 11.09 83.9 0.72 0.92 78.0
30% 9.14 10.98 83.2 0.70 0.91 77.1
40% 8.92 10.89 81.9 0.68 0.90 75.5
50% 8.61 10.63 81.0 0.65 0.89 734

20% =10% =20% =30% =40% =50%

86 r
84
82
80
78
76
74 r
72 F
70 ¢
68
66

TRENES L L TR

Figure 11. Variation of water stability of mixture

11 RARPKIREMTUAE

1 BRI AT RIBE RAP SR, TR AR R0 5 PR B ReE BOZHTRD, TR Z AL
WiE S REE RAP BREMIEINTIIEMN, &MRIH SRR S, Wi 5 LR BRI RS,
LAk RAP SERM 2 AT oA BUIE T, SRRHBIURE 28 32 AN [RI R P 1) B FE A P AR PRI, 3 TR B ) B
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T RER RN MBKIE S, IR SRS, SRR RUKRE AR, W TER,
b6 RAP 5 &I &R K A E TEBWT IR, 24 RAP B8 KT 50%, WG RHI VRS 208 B2 LA AR 2
R ER .

L5 Loy, WA RAP BRI, AR SRR E et G FRAC, /KRS E EAMMIIR FUR I REIZ
HTFEIR, R Y] RAP B HE MR S RHERE IV EZ AR . 2 RAP B4 30%I, RGBSR MERE R 4T,
RAP BT 40%, RERHOIREERENKARE & B3 FRAK,  FURIRTURVEA BEW 2 R TE K,
5 EWPFHERE ) A AR TR AR RAP SR E AR N 30%.

5. &t

(1) RFECA FE A48 N 07 2O A 75 1) P AR RACRE, 2 g AR RS I BVR A [Nl 75 1 e
Ji%, WRFRMAL T B HARRIMBNE B, %R0 R EASREZE, (H55hE TREIREM
£, BEBCTREN I Hod 6 m AR A B

Q)%Mﬁiﬂ%%m%ﬁ%%%WaWﬁAEﬁﬂE,@ﬁ%ﬁ%ﬁ%ﬁ,%%ﬁiﬂ%%Aﬁﬁ
L EHARIRIRER, #E A CHAERIBEN 8%.

(3) ET GHURRIVEIAT ] AT R AR A ik, #HARPAR RAP BEFMTRSG
BHOATEbR 2 AR, Hs s 2R RAP 5 53 Iz K.

(4) RAP BEXNR G EHWEREG B H B0, iR HEE RAP B2, RA kR E e K
JEURN, ARIRPTRAE AR AR E B PR, HEFE) FEVE AT IR G5B RAP B2 BN 30%.
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