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W OE.: MEAIREERERF A ER LR, BT B RO B (reclaimed asphalt pavement , RAP) 1 5% 5 fk.
FIRT R A Z5 3 o B X RAP B 10 50% 1) FEIM R AE i f I G R, REWFE T 0% 2% 5% 8% . 11% /A [F]
PRAE 4B G0 R RE A 5200 o 38 2L DI RAP ) 240 3 [ 5T A 18.2(0.1 mm) AL £ 68.5 °C ], I3 -4 ]
XF R BE B R A AR . A5 R R M A 4Rk B 8% B, B A T & 53.1 (0.1 mm) |, BRAE AT R E
56.3 C, R R e W s B E R 8% 5, Wi 1Y R AR S PEWT I . AE AC-20 1R & Rk, Al A
Fe Al 28 2.26% , J2 i A ML BEoR , PEAEIRIE Wos 8% A FI B R T IRA RIS BURIE R 4.21% , D BURELE
FEiK 12.95 kN, $2 7+ 1 17.7% , sh e € FE ik 4 165 Y /mm , 32T+ T 31.2% ; /K B s P07 1, ¥ 7K 5% B3 4 i B (MIS,) Fil
TR RS 2450 15 L (TSR ) 4353135 94.7% F1 86.6% , B A AL T A I 23 B4R TH T 7.5% F16.66% . 24 T2 57115 1 1 T
8% B}, BT A E , BEUR AR IR AR EME N, R R, 7 50% RAP B & F A1
RAEB RN 8%, Z T B T ALY R IR G BHAB S B 5 J1 24 MR RE 42 TH R P [R) L Sk i 48 1
BRI — LT S 1R, .
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Study on Influence of Regenerant on Performance of High RAP Content

Plant Mixed Hot-recycled Asphalt Mixture

GUO Yonggang
[Shanghai Road and Bridge ( Group) Co., Ltd., Shanghai 200433, China]

Abstract: With the vigorous development of road construction industry in China, the demand for resource utilization of
recycled asphalt pavement materials (reclaimed asphalt pavement, RAP) has become increasingly prominent. For the plant-
mixed hot recycled asphalt mixtures with a RAP content of 50%, the effects of different regenerant dosages of 0%, 2%, 5%,
8% and 11% on its performance are systematically studied. By recycling the aged asphalt from RAP [with a penetration of
18.2 (0.1 mm) and a softening point of 68.5 °C], the recovery effect of the regenerant on asphalt performance is tested. The
results show that when the dosage of regenerant reachs 8%, the penetration degree increases to 53.1 (0.1 mm), the softening
point decreases to 56.3 °C, and the viscoelastic properties are significantly improved. After the dosage exceeds 8%, the
high-temperature stability of asphalt significantly deteriorates. In the design of AC-20 mixture, the new asphalt-aggregate
ratio is optimized to 2.26%, and the gradation meets the specification requirements. Performance tests show that at an 8%
dosage of regenerant, the void fraction of the mixture decreases to 4.21%, and the Marshall stability reaches 12.95 kN, with
an increase of 17.7%. And the dynamic stability reaches 4 165 times/mm, with an increase of 31.2%. In terms of water
stability, the residual stability after immersion (MS,) and the freeze-thaw splitting strength ratio (TSR) reach 94.7% and
86. 6%, respectively, which are 7.5% and 6.66% higher than those without the addition of regenerant. When the dosage of
regenerant exceeds 8%, the viscosity of asphalt will be diluted, resulting in a decrease in the high-temperature stability and
water stability of the mixture. Research shows that the optimal dosage of regenerant with 50% RAP is 8%. This scheme
achieves the synergy of restoring the performance of aged asphalt, optimizing the volume parameters of the mixture and
enhancing its mechanical properties, providing some reference suggestions for high-dosage recycling technology.
Keywords: regenerant dosage; high-RAP dosage; plant-mixed hot regeneration; asphalt mixture performance; aging
asphalt recovery
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FES T AW ok R 22 38 M 48 FF 22 58 H 0 5 TIRLL I RAP R &, C A BB EKR, 2k & #
T, IREEEEEMIES T ERE LR, iz BEA30%, FELITIRIE., mMBMAEMREELZRET
S B s, TR B AR AR W IH G T B E IO T AF RAP 8 4 (30%~40% ) 17 52110 {HAE R RAP 8
BEHRAP) M 121, B AR, RS BB S 000 hm? SRS F , J0VE AR 5 240 W 75 1935 e i, L)
b RS A S RS R IS IR RO AR A R RE LR A B R 2 W B R
Y IRAL R T RN . REVERKmAE AHERGH Y B, A SCHE S 0580 & )
KW, AR ARREREMERN K, ZE  RAPBE N, HAFHENT FEE A HE RSB
W HE AR R SR B S5 B, M= A 9 RAP PEREM LA, Sl v HL 9 RAP 1) 15 20 72k 4 42 43k
Bom oK. RAP UL FI AU ST S B AR .
RHEIRA T S AMEE NS L MRS 1 B
T A AR A (0 R R B TR R AL AR ) G ER Y -
A B O R BE R IR DB AR, 1.1 RAP
FE 1 29 BAS B AR, Bl 7 S B AT R & H AR AT RAP B b0 7 2 fif 3 0 42 A 4 B Y
SR, 4 RAP ZEFRAR IR AR i 7 Lh g il Horp e BRI SR 30 B B, ORI ot B B R AT T ™4 4
WU E TR S g o) R R B BRI BERE T 2 )5 L 43 M RAP(9.5~20 mm) Al
A IR, BB S B RS RN, 5% HRAP(0~9.5 mm) . H R RAP BIF 2 & K FE K
SEHOR A B MR EE A ESER G XiEEmB R 039 %, 41 RAP i F 1 & KK N 1.68%., 0~20 mm
RAP (143 %R i A 2> BR AR RAP H il 15 o5 07 Ak 50 0 2 1) 2.88%  [mI AR 4 i ot

FAEFEIUE LA HERAZOME | ERILEL,

#1 RAPREITHE

T

i fL R ~F /mm 16 13.2 9.5 4.75 2.36 1.18 0.6 0.3 0.15 0.075
i3 = 43 % 100 94.5 52.8 25.6 20.3 17.9 157 13.3 11.6 9.3
1.2 ¥msS #*3 BEFIIEREIER
T O0#3A B T, B LA e A e, B/ e 00 CEIE GFUSERS TROT i)
&7&%5‘1:/]_‘%%%20 (geem™) (mm?-s") % J ARk /%
%2 HEFSHALR 0.99~1.04 =260 236 245 1.86
ez i 5 i &5 FSR(ER R 1.4 FhER
BFAJE (25 ;S:f;();g,Ss)/O.l mm 82.8 80~100 LA Bl F W 23, LR R A K T 25% , 1% k2
AL R C 453 245 o . e e A 1
Ny s i, WL FE 451 2 AN 8 27% , 6 FOAR BB0RE 3 5t R K T
B (25 °C) /(g om™®) 1049 _ 12% . 204 FHE R /N T 2.36 mm (9 43 JK 5 AL
HEFE (5 em/min 15 °C) >100 >100 b KA T, FEWAR X % AN/ T 2.52 vm?, 5 e i (1
13 BAF VErk) AR 2.5% , 1 AN T 65% . 5K

CA BG4 RAP (05 B I T 300 it E O P IR ATT B 2B
AIMAFEAN, EHPEA R RIR AR RaEAE 2 B HRIRIERER
;\“ils]o E Ve 23 725“\ .
%4‘@%%/@ {EA YR WE 5% RAP % E?QT 01 B E A
R B Oy TE PR N NI 260 “CL7E pypman w0 535 % = Fhogy 2 AT i b B L B X
60 ‘CAMET M N 236 mm™/s, EEINEERIN R [yl 5 10 25 “CAF AE T4V 5 % 135 °C A G AL fiF
A JE W TS P BE R AN AL I VR RAL R St S AR R IF I, AR T BE W2 4.
A B PERE B . FLAEBESR bR R 3. N4 hal L, = AN H I REAS Y 25 CEFAJE
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F4 RIS BRI 25 R

A R-1 R-2 R-3 SEIE
25 CEF A /0.1 mm 18.5 18.1 18.0 182
L AVA 68.3 68.7 68.5 68.5
135 CAi i
R 2160 2140 2150 2150
(mPa-s)

BIE S 18.2(0.1 mm) , F Ak sS4 {H ik 68.5 °C, 135 C
AT CEEEYIE ] 2 150 mPa-s. 3K BEFE HR T S e i
RAP W (I IH I AL RR B 0 35 . BF A B fm /N6 7R i
T A58 4 0, A a5 1 S T T A S AR T
BB R W B M KR R B AR R O B9 T
Wi W AR BR A, UM B P AR R 1 A Re Ik 2
JLff I RE
22 BEFXELITHRENRE

B A 2 TH P 7 00 5B E N 0% . 2% .
5% 8% 11% (%) F il B A R AR &, 76 135CHE R
i BB SR ST SR A W5 25 CEF A VK
AR B 135 “CA ER R BE BEATASIN , LA 0 43 B A= 750 %o
2 AW AR R B AR . BRI 5 B

LS5,
£5 BEARESE TR HEIENLER
manpmen N e 1P ff&f”g’
0 18.2 68.5 2.150
2 26.5 65.7 1.890
5 42.3 61.5 1.430
8 53.1 56.3 1.120
11 60.2 54.1 0.880
MNFE 5 AT, BB B B B YERE R 2R

IFAERLH R, B EN 0% ~ 2% 1], B
1P 8 38 I AN B 2, BT AU 18.2(0.1 mm) T
%26.5(0.1 mm) , AT AR 3 °CL 135 CHi [RF
JEE ) R AV S 2 kg G20 150 B O A B P R o R
FATBEITREI DI . YEAERB R
5% W, AT G B3 B AR IR 42.3 (0.1 mm) , 3K
b RiFE 2 61.5 °C, A IR R0 F B 2 1.430 Pa-s,
ZACUITE R BEAR B T RUFIRE . B0
Jn &) 8% I}, &1 A BE K 3 53.1 (0.1 mm) , F Ak S g =
56.3 “CAE A, VL HT I 7 19 U 8l 1 AR IR A8 0 fig 1 1
TR B NRS . MR 8% 5 e
BCRTFIRIRSS . 75 11% B R T, REH AE4ks:
1% 60.2(0.1 mm) , {HERAK SR 2 54.1 °C, A6 [REG
K2 0.880 Pa-s, T2 1Y = i s PR W] i F .

3 RAMESIRIT

AU 5T 16 B AC-20 AU 5 IR A RHE R F 5% %F
%, W E RAP 4B B 50% K 1% 11 154 TR A R d
Ao EAMFE 0% .2% 5% 8% . 11% iX JLF A 7]
FRA R 2 R A B ™ AR EH , E o B bR id
A Ee R Ak, B e 1A 590 A B AR S B A9 B A B
RS £ 50% RAP B & T, 0~20 mm RAP i 2%
Bic 38 1 A 4% N 2 16 mm i £l 100 % . 9.5 mm Fiii £L
52.8 % .4.75 mm fiii L 25.6 % .0.075 mm i L 9.3 % .
SR ERR LI E RS, HAsBL A L 16 mm i £L
i N 83.6 %, 4.75 mm T £L 18 1t F K 333 %,
0.075 mm i L3 3 R K 7.6 % , i . AC—20 HI L i 15
FEIEoR . 2 ld i £k R A 1 TR .

100

P
AC-2041 it -2k
— — — AC-204%10 T4k

1 ! 1 1 1 1 1 1 J
0.0750.15 0.3 0.6 1.18 2.36 4.75 9.5 13.2 16 19 26.5
i AL R /mm

E1 50%RAP# 8 T AC-20 B4R & KRR

EL AT AC=20 i A B L Il A He ik e R 3.7%
2RI, RAP W IH I (R0 A LEoh 2.88% . A 3L
W R, B B A EeaE i A =g
HETM AT He— (RAP 43 8 xRAP [H 3l 7 Eb) "2 35
b FRM A, Bl A ol 2.26%, M T
AC=20 Yy FEUE T A ELIk 2> T 38.9% , BE kG T 8 i 7
Fad m i, XA T RAPHRIHDIF , SC8 T
T 7 1 e 2 B I 1

4 MErEiXE

DR RIR IS

R HT AR 745 B 6T AC-20 FAR TR B S A
JE 25 B SO AR P RE MR T 8 I 5 TR AR
[ 25 B R R B R | B OR R8BS I SR A
Pro IEGZERILE 6,

MR 6 T, A 45 N 0% 34 0 21 8% 1Y i
Frrh  RasE BRI T 17.7% . X2t T A R RN T
AT PO R AR B AY L T IR R R 2 e
TSR . MBI 8% 5, B B BN I (]
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®6 AREBEFBETREEMIRRRBEER

A B, VMA/ VFA/  RaoE B/ WAE/

Bt 1% % % % kN 0.1 mm
0 4.96 14.3 65.7 11.00 33.60
2 4.73 13.9 66.3 11.58 32.40
5 4.49 13.6 67.2 12.17 31.21
8 4.21 132 68.4 12.95 30.30
11 4.06 13.0 69.0 12.45 30.93

W o X e RN i 2 0 T A 4 IR AU T S 3K A B
JE AR Z BB Zh 45 14855 . R, B FEE R B
RGN IR A RS BRI AW A B R 8% T
K 28 4.219% , A T HIYE 2K 19 3%~6% X [0, H VFA
TF 2 68.4% ., X — 78 Ak ik B FE AR R PR Ak T W R Y I
SIPERE , TE A BE T A b L AR R $E T TR AR
A
42 HimlEge

g VA A B 0% . 2% . 5% . 8% . 11% %t
50% RAP & 1 AC-20 FAE 1R A BHE & IR A5 T K
Pk AAETE (A RE 7, 150 R FH v 2 R 3, DA e s
02 6 o7 28 R A2 A FH I TG B %) v R AZ RS HE
T B A P2 TR AR v TR RS MR GEE . i
B4 R 2 iR o
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¥ 1500}
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RFEB BT/ %
2 AEBEFBETEAHNSEERNEER

WE 2 FR , IHEER Y B 42 5 1A T 75 IS
HHEBA, S AR &R 8% i), shfa e B ik 2 it
I E, HEAR TSI AR = T 31.2%. X UL AGE
AR, W R FE P RE A B, IR A R
i PR B T K A B TR D . AR R 48 A
8% B, s e BRI T % . X&F T2
AT S AR T 0 2 5, SO0 A ) Jis 2 ) B 45
G5 i AR T A S I R IR I .

43 IKIETEMRE

o A R B R (0% . 2% 5% 8% . 11% ) X
50% RAP 51 AC-20 FiA= IR A BHIT K 361 35 M BB 10 5%
e, I 46 UE A R B 18 B AL I S AR R AL TE Y
Fhah 1, e R FH IR 7K S 8RR G 56 U il B S e
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AR XGRS R R T
#7 FRABEFBRTRAMKBERIRER £0:%
RS B BRI

FHAEFIB TSR TROKB A E B S,
0 81.23 88.12
2 83.31 90.84
5 85.52 93.05
8 86.64 94.73
11 83.51 91.62

T AL, TR B N 8% B, 12 K A% BE R
FEFE(MS,) ik 2] 94.73% , ¥ Rl 5 2450 58 FE L (TSR )
K F) 86.64% , FHAE T AU NP AE T A B, 4300 2 5
T 7.5% 1 6.66% . X & B T 42 500 & A 09 A M L
oy 5 AU AL W R AR AE R R T
HE PR RO IRIEEE T, W T H KB B
E WA SR TR W s i I EREEE PO R S
BLE] ) ZE B PERE A 0 2 . AR e T
8% J5i , TSR F# %2 83.51% . 45A AR A & 60 CHIE
(236 mm?/s ) K I 17 I 35 Zoh o e 1k 728 R A T A T
ot AR SRR R R B
I 7 £ ) 2 T 1 il 240 50 1 R B T i Ry 3 9 555 X
B, MK 4398 15 8 1, B 23 BK R E T T .

a5

25 LTk A [ AR SR 48 0k 2 Ak T PR e Y
A 2K 52 A5 107 FTR 5 kPR BRI Ak 14 i B4 45 5 5500
K TR B A B4 L4598

(1)7E RAP B 3K F 50% 1% — W = /K, Z Ak T
T L AR AL AR AE B A BEAY 9 18.2(0.1 mm),
AL AR5 68.5 °Co A L A 4 S AL o T A
ROVR S I ERE , Hoh, 8% 155 hy SR Ifs AL A5, it
P BEHETE 2 53.1(0.1 mm) , Ak S 2 56.3 °CL, B
MR SMIREEIER IR ENE. M YBElEd
8% Ja , Wi T e W e Tk R 2 B Ak B A I T R O
11% 5 5 WAL S 2 54.1 °C L BNAE T A E etk
iR

(2) Y7 B8R 8% I, AC-20 F-A 1R & K
H RS )2 MR B AR, S RN 4.21%,
VFA 2} 68.4% , By 8 /K B8 € 5 O 12.95 kN, 8 R 45 1)
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31.2% ; /K Fa 5E Tk BE 45 A MS, FIl TSR 43 91 15 94.7% FiI
86.6% , 1Tt 7.5% F16.66% . 455 HT 8% i,
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