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Abstract: [Purposes] Given the widespread water damage in early pavement distress and its
significant restriction on pavement lifespan and service performance, this paper aims to provide a
basis for optimizing the design and application of recycled mixtures by analyzing the effect of the
blending degree of new and aged asphalt on the water stability of recycled hot-mix asphalt mixture
(RHAM). [Methods] First, the blending degree of new and aged asphalt during the hot-mixing
process was quantitatively analyzed using a Fourier transform infrared spectrometer (FTIR). Then,
the FTIR results were validated using a dynamic shear rheometer (DSR). Finally, the porosity,
indirect tensile strength (ITS) , and tensile strength ratio (TSR) of the mixtures with different
blending degrees were evaluated through freeze-thaw cycle tests. On this basis, the relationship
between the blending degree of new and aged asphalt and the water stability of RHAM was
established. [Results] Extending the mixing duration and reducing the content of reclaimed
asphalt pavement (RAP) can effectively improve the blending degree of new and aged asphalt,
thereby enhancing the water stability of the mixture. When the blending degree is greater than
81.6%, the increment in porosity of RHAM decreases with the increase in the number of freeze-
thaw cycles. However, under the condition of a low blending degree, the freeze-thaw action leads
to a significant increase in porosity and a significant decrease in TSR and water stability.
[ Conclusions] The blending degree of new and aged asphalt is a key factor affecting the water
stability of RHAM. A higher blending degree can significantly improve the resistance of the mixture
to water damage. This paper provides a theoretical basis for the mix design and process control of
recycled asphalt mixture, which helps to extend the pavement service life and improve its service
performance.

Keywords: recycled asphalt mixture; blending degree; Fourier transform infrared spectrometer;

freeze-thaw cycle; water stability
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Table 1 Performance indicators of new aggregates

R A HARSER BORER e S

JE W-AE/ % <28 13.8

PR X 2% 2.5 2.715

T AT 25 1 2.696

AR ERBURI] %5 2.684
B ROIRE % <15 4.5

WK /% <2.0 0.42

EHEE T X 2 22.5 2.707

) MU X 25 >2.5 2.736

SR B 0 0 75 A 707 L BT T, R D 45 2R
WA 2.
F2 HBHHALA

Table 2 Technical indicators of new asphalt

HARAG bR SR AR b KR | Rk
AJE(257C,5 s,
60 ~ 80 65 T 0604—2011
100 g)/(0.1 mm)
A EFRECPL -1.5~+1.0 -1.09 | T 0604—2011
AL L (R&B)/SC >46 48 T 0606—2011
60 “Czh A1/
AR >180 254 | T 0620—2000
(Pa+s)
10 ‘CIE ¥ /em >15 22.3 T 0605—2011
15 ‘CIE i /em >100 >150.0 | T 0605—2011
i (R A0 88,
e <22 1.91 T 0615—2011
IR 1%
NS C =260 >270 | T0611—2011
R 1% >99.5 99.91 | T 0607—2011
HEE(15 °C)/ R
o SEIE 1.035 | T0603—2011
(grem™)
1.1.2 RAP

K FH G RAP R U5 T 70 VG 416 0H i X 7= A= 1) 26 )
B, W ok B 89 X4 N 0~ <8 mm,
8 ~<12mm, 12 ~22 mm 3FhERAR . R B0 B
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2 AR B RAP SRS 55T, FER e f
R, B 4 B9 545 20 1 2 A 0 75 VS W e
WA I E AT Y LA PEBERE bR (RAP
BTG B GRC T o (B o 80 o AR Y
RAP #2707 5 2L Be \RAP 42 R GE 45 b5 S RAP i
HH AR W23 R 4TFES, 3R RAP(0~<
8 mm . 8~<12 mm, 12~<22 mm) A i 7 & 20 5 N
4.46% .2.82% F12.52%.

£3 RAPIIRW G AR
Table 3 Gradation of RAP before and after extraction

i FL IV 7 338 1 % /%
i fL/mm 0~<8mm 8~ <12 mm 12~22 mm
AR | WIS | IR | RS | AR | R
315 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0
26.5 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0
19 100.0 | 100.0 | 100.0 | 100.0 | 78.0 | 92.8
16 100.0 | 100.0 | 100.0 | 100.0 | 56.8 | 77.5

13.2 100.0 | 100.0 99.4 | 100.0 25.8 55.4

9.5 95.5 98.3 64.7 78.4 1.8 26.2
4.75 40.4 51.8 33 22.7 0.4 16.6
2.36 17.2 29.9 1.4 17.4 0.3 12.8
1.18 9.2 21.7 0.9 14.1 0.2 10.4
0.6 4.7 15.7 0.6 10.9 0.1 8.0
0.3 2.5 11.6 0.5 8.4 0.1 6.3
0.15 1.3 8.8 0.3 6.6 0.1 4.7
0.075 0.5 6.4 0.2 5.1 0.1 34

R4 RAP ARG AT
Table 4 Performance indicators of RAP aggregates

HEIZE A RS bR BARER et

JE W-AE/ %% <28 16

F WA X% i >2.5 2.760

KT AR 9% 2.700

HIH BARFIM T 95 B 2.667
R AR E =% <15 6.4

W2 7K 1% <2.0 1.26

AL F AR X7 7 >2.5 2.738

R5 RAPH AHARIEAT
Table 5 Technical indicators of RAP asphalt

HARSR bR IR G 45
FFAJE (25 °C,5 5,100 g)/(0.1 mm) 27
Ak (R&B)/(C) 60.8
15 “CHEFE 21.3
60 “C 3l JJ R 2950

1.2 KEAHR
1.2.1 BT

W I T T R T T 28 R R T AC-20 4%
BeHEAT I X BN )z, B —E i TR
Tk, I A SCE H AC-207E R B ARG . SR
P AR R BT T AL - 5 — 41 [ RAP 5
i (T8 47 80 N 40% , 38 3 I % FF R ] (60,
120,180 s ) e 5 il Y8 Al i 5 5 275 — 2] 1 P A B[]
h 180 s, 3 1 i A RAP 48 & (30% .40% . 50% ) %
PR AR B . A HEBR KL AR S RE A B i
B, T A RHAM #4945 AC-20 24 i #4733, I3 5
PR B R BB LB, B R AN TR RAP B T Y
AL — 2, R .

100r 1 Ac—20%fi IR

00l —2— AC-2047 T B
- - = AC-20Z it i
801 . 309 RAPIEHE
70t ——40% RAPB i
S 60 o— 50% RAP#5 it
5 50
40t
30
20}
10
0
5 0% 0 O CHVECES) 5 5
SRR o A 02 or NN (P

FEFLR S /mm
Bl1 AC-20%9 %3t A fic ¥ &
Fig.1 Designed gradation curves for AC-20

ME 1] LAFE Y, 3 Fh RAP 45 2 14 9 50 R 44 o7
THLIE 25 A e T BRSSP L 3 2 AC-20 %%
WO TS e i
122 HEmA i e

S AC-20 25 I T HH A U R TR A R
1) e A A L, A SCA SR 3.6% . 4.0% . 4.4%
4.8% M 5.2% W)HE & EHT T SRR, R
P (o B W 7 3% TR T B R MAE ) (JTG F40—
2004) th AC-20 5 9 I 45 Bt 52 Ny 45 I 7E 3.0%~5.0%
R, DL 4.0% 25 B3 R 45l 5 AR X AS [R5 7
RN B ORI R 2 B R E B A S AR AR
AT LR 5 BT, I 1 3 40% B 18 T 119 AC-20 %5
RECT FEREAEDHFIRAG AW REDE SN
4.36% , 455545 B W fe AR A LU 4.56% .
1.2.3 RHAM 4%

KR AC-20 2 L) RHAM, £ 71 T 2048
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it O B0 7 B T it T B RS ) (JTG F40—2004)
B S B R B A SCRILE HEAT I . RHAM Y ELAA
FVFEN ST A RAP FUE B2 RL 3R 171 0 5
WA TOSE TR, WP s 5 A H ik
FFRERN, BT AT B RHAM 7E 155 CA&MF Rk TR SE,
1.2.4  JEF FTIR 098 H W & IR A EAr

SEA AT AAEGE ) i B DL A R i i
PEATPEREIEAL , DA UL 8 7R 5 [ R 5 RHAM /K £
FEMERIVE ML BRI AR E 2 TR .

B2 Rk F AR
Fig. 2 Performance evaluation flowchart of blended asphalt

1) R AT AL,

TEM 28 ) FERAE I IR 5 BT K RAP B
WiTs & RHRT 10 AR 42 R 10 mm B BRTE /N Bk
RA FEME S WFEF S T G /NN R . R
B0 B AL AR /NI R BT R AR
Jei FH G 28 2 SRR Al 5 S5 9 R4 B8

2) FTIR 43 #7 .

K F A5 5 Thermo Fisher Scientific Nicolet
1520 (14 FTIR SG 53O0 DA/ IV e v [0l g i) T ks 5
RAEEATINR , 2 )5 A FH OMNIC Y636 43 A1 4 4 %o
SR ) 1) BOHE AT AL B A3 B o O I 3 R
400~4 000 cm™ , 43 HEHN 4 em ™ FHTRECK 321K .

3) DSR 3 #7 .

K P15l Kinexus DSR- M 14 3 25 55 1 3 7%
SO 75 IR HEA T AR PR BB 3 A ) BRI
1 mme AT AR TR AR R G g T R AT A
i, R IR BE F 4 5 =X, 7E 40~88 “CH [ N i
A, A % 10 rad/s.

4) PR PR -

FTIR R8I 4R w61 o0 P8l A B T 1f
SEA RIS A RERT . N RAP MR PR B %1k
Wi E FTIR EE 3R T & i Bk L (C=0) Al
I (S=0) & it , X FER W R b B b DL K
I T IR A8 1) 1 4R S A 1 45 5 5 BT 10 7 AE X
ek KR LA 358 & A B R C=0 B S=0
HEUTSHET, ©A 2R R R AR 25 R PR AR
W ZALE B, R, 24 RAP I 7 B Of
53 IR AR, C=0 1 S=0 H g A /Y A X 5 &
S Bl Z 3, E T SO IR L ) . R
U, o B S R i T AR, T DL AR AR
P %) 2, 2R I B 1 0 TR R R

CA WFoR 2 HE S, Bk 4S5 (carbonyl index,
CI) W28 46 5 3 1H 5 75 2218 A W 75 P 19 b ) £ 78
BE ML A . M Z T, W 3§54
(sulfoxide index, SI) 5 1R Fll 72 B (19 AH & Pk 88 55
UL, A B 58 5 5 CLAE S DA P A U 7 TR A R FE
P B ORT IH W IR AR Y FR AR . AR
= (1) R
Ac_o
. (1)
VSRV RSE & Sk O v BV O IN RAR by
B 1695 em™ b B B Y W TR, TS R R 1 654~
1722 em™ ;A K 1455 em™ &b CHo/CH 25 i1 45 3
DX e T AR, BT R 1.392~1 488 em™'

XFMRFAEDHFIRAR ST S 2iE
TR R B 9 R AF A SO T B i 5 2
MILLAN IS, I3 T T R AL [ CI
(R Iy T ) o R BiREE R RAK(2) 1
B RAP I 7E A R AR IR AR

m:ﬁﬂ;ﬁi (2)
Ty = Loy
Krf B, RHAM Holi i 5 5 2 A I & IR Al L
il 51, 2 RHAM H A I5CH (9 TR il 75 1 i 5 458
B 1 A RHAM (8T I 5 SR IEAR 5 1, M
M RAP AU & A T B I TR 5K
1.2.5  KEE M

1) ZREE PR

FRE A B T AR S IR A RHA S0 B AR )
(JTG 3410—2025) Hoxf 1 7 1R 4 BHBF 24598 B LE i
55 (T 0729—2025) i HLE 247 55 243055, 7526
HIR A BHRE F RE 18 0.1.3.5.7.91K .
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