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Abstract

In cold areas such as Inner Mongolia, more attention should be paid to the performance of hot re-
cycled asphalt mixtures at low temperature anti-cRA-CKking, water stability, freezing resistance,
and changes in the performance of aging mixture. In order to explore the improvement effect of
the regenerating agent developed by the research group on the hot recycled asphalt mixture in
cold areas, this paper studies the low-temperature performance, water stability performance, ag-
ing performance and other weather resistance indicators related to temperature, water and aging
of the regenerated asphalt mixture. The results show that the hot regenerated asphalt mixture
using the developed regenerant has good adaptability to cold areas; when the regenerant dose
reaches 9%, the performance of the regenerated mixture even exceeds the performance of the
new asphalt mixture. Based on the test results, the thesis recommends that the dose of recycled
asphalt mixture in cold areas is 30% RAP and 9% regenerant.
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4 [ ) 2 S e L RS RS BERE N T S R PP AR B T R B, I 7 T P AR BOR A
FIAZAFIC O B[], T T FE 74 1 DX AR 30 75 % T A0 P A 3R AT i e 2 % P 1k BE 22 I BRI 7 #an[2]5%
NS AC-20 P IR A RHs i L RE 0 IR I0 A B & 38 = IR 75 O kL RAP (LU R FR RAP)
B, ANTREEERTUERIERE: BOVLRIAN S RAP S EERN, ARG EFKRITA T AE
72 WRBRG[A]5 AW TEAS T 0 AR TR A RMIRIR VE REAK AR 2 ME R s I RAP FEAET5 30 [ K2
JE RS [S] R I A I T TR A R BUK B PEREXT RAP B8 B I BUNRUR . IUA TR AT 5 R
RS R E R SRR L SR B ER AR, TREE RAP AOMEIN, IR LK AR e P45 7 i
PEREAERRAR, SRR, AEAR SRR TERES KR E PEREXE LLORIE . T T A SEE B X AR
PS5 DA UM SE V8 I HLAZ=URA R G, 0 75 TR A BRI MR BE DA SO AR E PR REA A S i 255K
UV Y AT IR G RO TERER AR L2 7808 3 XA 2R 0 75 B T P 7 LA B Bk g . AR SRR 3B X
JEH XS TIPAG DUR SR IEH DX, T AR IR SRR B AE T A ok MR RERE AR . (R, ERE
e RAP BB RIS, dnfar e i A IR SRR PR RE LA SR SRR R, A0 75 281 0 2678 1 X A
] o B AR A AR IR AT TR AR TR AR TR B EIR S . K RANEAE TR ERE . A SO
VAR R R 9 X & F AR ) RA-C F TIEDE 111 4R JB /RIE R se B — A By & TR M T fE
IRERAC-20, R XA AE TR AR BdE, D9z St X IR 7T 55 B B2 Bk A

2. [R#H
2.1. RAP MRS
ASCAFENT A DUR T [ 111 £ Jo R B 2 5 B — G AR5y TR L0t F B8 E T i
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AC-16 iR ek, THEN AC-20 FAVITEIRAR!, FUAHE 3 B %% AC-20 T Z A H R Ak
JEFFRRTE. ERTIAIALS PO IL RAP (AR RO, SRR S REULE 2.36 mm AT 9.5 mm FRiFLAL I T A
RIE, odih] RAP BAR S, EXT HgHAT B AT, SR 1 LA RHE I 1) SR GRS & E AN R
ERMRHOIBLER K BORLE T 100°CHUR FH T 30 min J&, ROATREE L ERRERE T, Mgkl K AT REMI 0 BOT
2) XTALEEIE ) RAP A4RL, L 2.36 mm. 9.5 mm JyoCHE L, 434 0~2.36 mm. 2.36~9.5 mm. 9.5~16 mm =
Pk . 3) HEAT 3 RIMPENIH SRR ES, X 3 MM B E & &, WE TR S0 ORI T T, A2
JEEERIC BT R RAP AER 3 BRI BER G . 4) K FH R — R LiE I 3 2 3 o Y — 28 Tk AT 5 1
SyES[6]. KHL RS RAP AR 2 1 REFIEEH], RAP IIT MAERMPER W& 1~3 Fis.

Table 1. RAP asphalt performance
= 1. RAP & MEaE

RAP Fi % (mm) DESE%)  25CTE AJE(0.1 mm) AL (C) 15°C/10°C %EJiF (cm) 135°CHiiJ¥ (Pa-s)
0~2.36 6.0 47.0 59.4 19.3 4.0 1.101
2.36~9.5 5.9 47.1 59.2 19.3 3.8 1.092
9.5~16 43 47.0 58.9 19.0 4.0 1.088
BIfE / 47.0 59.2 19.2 3.9 1.094

Table 2. RAP aggregate gradation analysis
= 2. RAP SERLREC 53 4

AN A 7L (mm) B BT R 2 2 (%)

RAP ##% (mm)
0.075 0.15 0.3 0.6 1.18 2.36 4.75 9.5 13.2 16
0~2.36 15.1 17.2 233 46.0 74.7 99.7 100.0
2.36~9.5 9.2 10.5 13.4 21.7 28.4 347 63.4 100
9.5~16 6.7 7.7 9.8 15.9 21.1 25.4 345 60.8 91.2 100

Table 3. Aggregate indicators in RAP
7= 3. RAP & RHE R

RAP #i## (mm) BRAAH X2 (g/em?) WIS (glem?) IR (%)
0~2.36 2.676 2.712 0.5
2.36~9.5 2,631 2731 1.39
9.5~16 2,641 2.761 1.64

M L RATELE Y, RAP SRR & A T B, & 20 4% 3 PRl LA IR R B A AR ik
EE B SEA A AL

22. #ihE . BEFUARNT RHERSH

R S A A-90 ST . FHAERE 3~5 mm. 5~10 mm. 10~15 mm. 15~25 mm PURhEIHS,
AHEERHIS Ay 0~3 mm, AHLBEERL KA ¥ A TR IS /2 (A BRI T 6 it THARRYE) [7] ITG F40-2004)
R

FRAE TR FH AR H B 1) (R € X B F = RA-C, %77 b T AR R 2 A5 5 IR 4L oy, 380 5 (KR
RN, JEA . MRE R K. RIS R 4, MR (AR B E AR
AFTEY [8] JTG/T 5521-2019) )R .
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Table 4. Performance indicators of the cold zone regeneration agent RA-C developed by the research group
= 4. REERHWEXBET RA-C B EETERR

R H LX Sl BRI R R T%
60°CHi i mm?/s 628 176~900 T0619
PR °c 231 >220 T0611
TR & % 19.2 <30 T0618
Wy % 75.9 SR T0618
R HEAR 0 AT S R L - 1.8 <3 T0610
B AR B AT 5 B R AL % -1.9 <4, >4 T0610

3. BEBERANME AL

LV T, ¥ RAP B & e N A H IR G 20%. 25%. 30%, X 0~3 mm. 3~5 mm. 5~15
mm. 15~20 mm PUR R SRR LR B BEAT 0 70, 4546 RAP =R BT 4558, 24 k2% 5K
R G, W AR IHERS & TR RSk AC-20 7B lc wit, Wi 1 Fis.

—eo— L LR
—A— KL TR
80 v 0%BE

* 20%BE

o 60l [B%BE
% > 30% B &
ha)
¥ 40

20
0 .

T T T T T T T T T T T T
0.0790.1503 0.6 1.182.364.7595132 16 19 265
LR (mm)

Figurel. Synthetic gradation diagram of asphalt mixture with
different old aggregate content
1. TERIBELHEETHER SRS RAEE
FERHAT A LR E RS, R ST HE=HHEFHE + RAPIE SR + HAEAHE, KRe 7
AFEFARBE TR AR T RS EHA . W3E 5 Prs.
Table 5. Whetstone ratio with different old aggregate content and different regenerant content
5. TEIRERHEE R A EHEEFIZETHIMALL

IHSRRHEE (%) REMAE©®%) RAPHHESTE%)  HAEFBE%) FRAEFU I (%) Wi H (%)

0 4.46 - - - 4.46
0 3.36
5 0.06 3.31
20 4.48 1.12
7 0.08 3.29
9 0.10 3.26
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Continued
0 3.12
5 0.07 3.05
25 4.50 1.38
7 0.10 3.03
9 0.12 3.00
0 2.88
5 0.08 2.79
30 4.53 1.65
7 0.12 2.76
9 0.15 2.73

e RHBIHERHS R, RAP & &, FAMME. T HEDRSE ST RE, FERNBEREE S RAP HHRRE.

4. AEEHTERENBAMESHIEM S

FE VSR FAEAR T SR G RIERER, FTE BRRGIMER,  [FII IPAG DR BAG SRR SRR
FROE, DA, 00T S€ 04 X BN APERE R EE ST 7T, AR SCAMUBIE ST | AR G RHIGIR MR RS . KRS E
PERE, RIS =B SOGE T AR IR A R VR RGeS i S 2 AR B INE T . 1R SO R
BRIE . RIS SR (AR LRI AKFE RS R MAE) (TG E-20-2011) [8]H k8 /772

4.1 {RiRMEEE

I FARIR 2 #2000 0 T RAP R AR RPN E AR 3B 8 T AR R A BRI R,
RIGLE Rk 2. & 3 fior.

MIE 2, B3 T LA, RAP BEIEIN, FHAVHTRA IR T2, XFEEREHT
LALJE T R RO AR K, B T I ORI, B S EUE A TR AR R TR R, R,
BE% RAP SBEIIMEKR, HAHFRARIMGEIIREREME B 2%; RS LIEH: BAERIREESEEL
Wi, BEFAFBERN, BADERAS RPN & & 2 B T H iR AR

3400 - - ﬁi%ﬂ?&‘io‘y
—e— FA T B 5%
—A— FAFIB B T%
3200 —v— HAERB EI%
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33000 -
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2 HI R AR
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Figure 2. The relationship between maximum flexural strain and RAP
content
E 2 RARTHNES RAPIEEXHR
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Figure 3. The relationship between maximum flexural strain and
regenerant dosage
3. BABRNTEBREFIBEXR
o F AP, B [7]H ERARIR 25 A SRR B A N F- 2600 pe. AL, 78 RAP #5 20%
if. RAP 4 25% H ARS8 AT 5%, LK RAP B8k 30% H A FIBE KT 7% =MIEN T,
FADE IR GRS R ST EK: M AERBERT 9%, &MBE AT RSE
PARIR TR E RE A AL T Wi VR SR ), R AR AR RN T4 T+ P AR U 5 VR & BRI R 28 F 2411
1ER
4.2. IKESTEMERE
IR 7K S R A8 E FE 5 U B 2RI P AR I T R SRR K AR E VAT T a0 dr, ke gl Rl 4~
7 FiR

—a— FHAFBE0%
90 —e— HAEFBESY
1 —a— HAFIBETY%
89‘- —v— HARBEY
e
. s RAR
& 874 Bk BE87.9%
M d
1 86
2]
BE oo |
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Figure 4. The relationship between residual stability MS, and RAP content
4. FREBIRERE MS, 5 RAP 28X &
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Figure 5. The relationship between residual stability MS, and the

dosage of regenerant

E 5 ZEREE MS, SEBEFIBEXAR

Fa— HAFBEY
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Figure 6. The relationship between freeze-thaw split ratio TSR and

RAP content

[E 6. FatBE3LLk TSR 5 RAP B E2HX A

M RTPUE HE RGO N, HAETEIRS
B RIMRK, BEHEAEFSE
Mgo 1 TSR RETH A FLTE[7] 75% A1 70% ) Z3K .

BB B B FE Mg M BHEEZLLL TSR, B RAP

R INTITIE OR EMNEARRE, HENFRSR IR mAImEAER, H

Y RAP /N T 25% H FAEFBEAMET 9%l RAP BEA KT 20% HFEAEFBES T 7%, H

AT R AEHET Mso A1 TSR AT LI B1J6E 28 e 170l 75 VR B RO AR 1N P

TREBIKERE IR -

e R T HAE RS A
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Figure 7. The relationship between freeze-thaw split ratio TSR and
regenerant content
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7. FRABIELL TSR EEAETIBENXAR

4.3. FRUTEIFIERE

MR AT A aIR 45 R, RS Ry 9%, BRI R AR KRR E VEAMIRIR PR RE AR 1 %l
HIRAEHIAKT . BREUHE, T RAP $BE N 25%. 30%, FAEFEEN 0. 9% M il bk LB
AR AR IR A R AT R R PR I A BE 2R RIS, BT RAP UL FHAE I X AR IR

AR TERE IR .

R Rl G IR 56 110 VR R i 11 g 3 AU T B 26 A (K 5 v, AR R R R G IR B0 A AT T 2K
F SRR, AUGREFEHAT T 1. 3. 5. 10+ 15. 20, 25. 30 RINGEER, RGN {3475
FREE, MRPE B T s, THEHRAEE L, IG5 R LA 8 Fw.

90

80+
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Figure 8. The relationship between freeze-thaw split ratio TSR and
freeze-thaw times
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BE A VRRIE IR B N, ASFRVEA RN TSR BAEHKBUHE, 78 10 MARMERREN, VRalss
FLARIT L Rk, SR ETTE, BT ARE s RB I AR F AR TR A R RE R R R . R
RRESZLGREELL TSR B4k, & T HASMKM B, KON T s SRR TR 1, R &~
ARG IR DI FBIE KRG Rk A I AR AT, R R PR A 3G KR B R AR 20 R 8 R
TG, WK T RE, TR B EA S AR 4 MR itz dis b Bk, B R3E—1E
WOHUG, RS RsRE LE TR e .

RAP >y 25% HAZ 0 9% Fi-AE 77 (1 15 A8 0 15 VR A B H R ] VR B 40 B LU B i R A R, & K4y 5
DR IA 5 M RE 3 DR, KT R e &k, (HaMoR U S B4R 9%, RAP 4 25%. 30%FH 5
B E R A RN TSR Feiscdein, AR KT A A AR AR, RN T HARE, AR
A EHPTR R R AR B .

4.4. Tt B ERE

BB F A7 RA-C 3B N 3B HE ) T FHAE I i TR A R PRI B3R /KB 1 DL A LR P A
HRRMEHEZNIIB A MERIT T . IR I AR (9] A5 B R & R iR 24 v, +
B FREERIBEN 9%, RAP B RN 25%F1 30%[1F A I 5 1R ARk LLACHT I i R A BHE IR 2 A 1T J5 1%
EPEE DL R PIRRIE IR G TSR A1k, waess sk 6 A 9. & 10 FoR.

Table 6. Comparison of weather resistance of various asphalt mixtures before and after aging

F* 6. BiFFRARZURIETHEMERTEL

B K2 hi AT (ue) PG TSR (%)
RAP 58 R (%) VAHCD)]
ZALHT 25 ZALHT ZA)E
TR A R 2932 2100 28.38 80.0 68.8 14
25% (9% 54 71) 3125 2290 26.72 77.4 65.2 15.76
30% (9% A7) 2998 2230 25.62 76.9 63.9 16.91
3500 n 130
1 e B s
1 B (5
020 [Qe%e%e!
2207 S
C I (I 5 B35,
. (8 67 J26
oy i 35 / S
2 2:2:::/ / -
Fiso] = | E
£ . e
] ] KR! H
% 000 / / :
1 B / K5 /
053] Qe%e%e! H
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Figure 9. Changes in low-temperature anti-cRA-Cking performance
of various asphalt mixtures before and after aging
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Figure 10. Changes in freeze-thaw cycle resistance of various asphalt
mixtures before and after aging
[E 10. &hFRERZUIEIURRMERERETL
MIEL9 HRT B 5 h0 9% FEAE TR AR5 75 TR AR 2 AL BT Ja AR IR ORI AR 2 E 2R T3 TR
Hokb JF BARIRVERETE R B AR TSR SR, R AR R AR U 7 TR A R AR 1k B s AR 2
T REFEIER: 7 Hr BRI RE e TR 5 R 7E 0 A I RAP R 2 ALY T 22 I TR 22 AL Jim P RE
B TRE, WEWIERER R, (R4 UGS VERERE IR
MIEL10 s DA Y, ZACHT S, B E R SR TR RUIE A RE /0 2 LB AR U 5 TR A R BLR RLTE 34
RE AR, I HIEIREEE /N, U AR R SRR R, Ko R SN 5 HER
FIFHEAL, YT R ARG R E , EHPURRIEIR R ) % EMEHERE, KiZE, TieRH
W IR B RHE S 1 AR I 75 TR B Rk B R A B 2R LU X HE 60%~70% 2 (8], 1A= 75 1R & R T IR Rl
IPERE AR RN HTI SR G RME AL TR —7KF, RAP $B&N 30%. FHAERIBEN 9% 58 iRA k
L, PLERAIEIE TSR HIZEIUN 5%.
MR EWNERERT , IR B P 2650 Ja AR B R S R IR TR 5 A R & B = (H2
PUARRIIEIA Be IR T3 H IR & k.
5. MBHRITILEHH
MR AT TR AR TR RE TR, B AR R A T RS R RIR TR KA
AR IR RS, M EERBEE, AF 5 RSEMSEZERMMERE, AmZiEn
PUATEA FR(C. 258 DMERMBTIT[10] [11], RAP BEAKT 30%I, FAITE AR H IH T KRR
AFEAT UL 100%, 172 RAP 54 300%I, HIHGE KRR R AL S 1B L.
H T I oo SRV 1 X AR I T R S R B A RRE, OV ORIE AR R SRR R, ST
FERHBIX I, ORI AL A 5 IR BT R BT AR B A B 5 0T 5 IR S oREAT X LG, F IRk
PEHE— IV B N . A SCEIFEHILE 1 5% AN, (B BAR B bR L K5 1 SR 5 B AR

6. &it

o Ao SRV L X P A T TR AR A % I RE LA R R PERERIT 7T, £ B4 HH LUF 4518
1) K% RAP BEKIEM, MAENEREGEHRRIURE. KEEEVE. UREEMERERTH Z L RERE
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