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Influence of Secondary Thermal Compaction on Property of Emulsified
Asphalt Cold Recycled Mixture

DONG Chang-kun, WANG Hong "
(CCCC First Highway Consultants Co., Ltd., Xi’ an, Shaanxi 710068, China)

Abstract: To quantify the influence of field secondary thermal compaction on the performance of emulsified
asphalt cold recycled mixture, based on routine mechanical property test, Overlay Tester reflection crack
test, and four-point bending fatigue test under low strain level, the mechanical properties of emulsified
asphalt cold recycled core sample and indoor Marshall sample before and after laying hot mix asphalt on site
are compared and analyzed. The enhancement influence of field secondary thermal compaction on mechanical
properties and durability of emulsified asphalt cold recycled core sample is quantitatively analyzed. The
influence of field secondary thermal compaction on microscopic void structure of emulsified asphalt cold
recycled mixture is analyzed. The result indicates that the Marshall secondary compaction method
recommended by the current regulations cannot simulate the actual field compaction condition well, and the
field secondary thermal compaction can significantly enhance the mechanical properties, anti-reflective crack
properties, and anti-fatigue durability of cold recycled asphalt mixture. The number of large voids and the

diameter of equivalent voids in cold recycled mixture of emulsified asphalt are smaller than those with

Wk B . 2023-11-20

FEWH . ZmiskiT I E SR E  (2022-MS1-073)

YEE A R (1980-), 3, BIRILFFFFWR/ARAN, M LRI, (33786567@ qq. com)
CIRFER . B (1987-), B, BRIGSIRA, Wit . (recyclecold@ 126. com)



553

FRH, A CUGMESAE I LRI e E AR SRR BERY R R 11

Marshall molding method. The influence of secondary thermal compaction on voids gradation of cold recycled

mixture is significant. The improvement mechanism of field secondary compaction on mechanical properties

and fatigue properties of emulsified asphalt cold recycled mixture is that the density of emulsified asphalt cold

recycled mixture is enhanced by using the secondary compaction. The micro-void diameter is reduced, and

the microscopic void gradation is improved.

Key words: road engineering; emulsified asphalt cold recycled mixture; field compaction; secondary

thermal compaction; microscopic void structure; road performance; fatigue characteristic
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Tab.1 Technical performance of RAP

A I 5 IR FAREK
FIKRES % <1 <3
Wis &5/ % 4.4 _
RAP
[ 62 =60
i RORIA%/mm <26.5 <31.5
AR EE/ % 9.7 <15
RAP K
JERHEL % 22.8 <26
BN (B AP ) /s 41 =35
RAP 44K}
Y 58 =50
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Tab.2 Technical indicators of emulsified asphalt

AR bR LY HARER
WAL ES 5 Rk L
L HL AT P FHE -+
i LAY (1. 18 mm fifi) /% 0 <0.1
BRI E25 12. 4 2~30
BRER Oy i/ % 62.5 <60
LR W/ % 99.6 =97.5
/] EFAJE (25°C)/(0.1 mm) 78 50~300
HERE (15 °C)/cm 69.5 =40
SRR R R 1 >2/3
S AR AR AR ORI S OB A5
WA 1 d 0.2 <1
BEt/ % 54 3.1 <5
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Tab.3 Mineral gradation of emulsified asphalt cold recycled

mixture

i fL/mm
Wit /% 100 95.8
FIEER /%
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R BRI TE N 11,25 m, P& MR PLIE
TR R Ees , MERTPLEE SR R 2.5 m/min, #JER
HW 5 15 ¢ SUHEEIRB R FEHLLL 2~ 3 km/h 3R TR
33, BERHME 30 t lEELL 3~4 km/h 33 B HE &
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N, TR SE RS RN R I A PR A5 4 )2 R S
5OV R REEOR . A SE S B A SR FRAE
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TR, 3l BRI K A PR 7% 5 30 2R T 44
fEIRE 3 ~7 d H BB W8 &G b 528 8 K S Bl ik
9~13.2 mm HURifE SBS s EFLALII T A 2,
FHHI 6 cm J&E AC-20C Hobr 2 el e I TR BE 4

26.50 19.0 13.20 9.50 4.75 2.36 0.30 0.075

82.3 71.5 44.7 28.8 10.3 4.4

100 90~100 — 60~8035~6520~50 3~21 2~8
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Tab.4 Design result of mix design for emulsified asphalt cold recycled mixture

Bl & Lo g R JirfrERe S B M R IR A5
B A AW IR K% s FBF 4R B/ [RITLIES FREIL B LR,
&/ % JHKE/ % MPa R % TR /% (K - mm ")
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HARER — — <I.8 8~13 =0. 60 =80.0 =75.0 =2 000
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FEPLA #1752 37 K, H 12 h RS, G4k
[E e U e R ST KL N T ) AN 2 NG R 1 I R UM T
TN, 2T SRR A S N R A

(2) BUSARGIURE R Il o i 2 240 I 7 TR
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Tab.5 Test result of mechanical properties
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R/ MPa -
MPa MPa 5y, 10H:
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F110 Hz ShaS R4 Bt 73 54 = 1 21. 4% F1 26. 4%,
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Tab. 6 Overlay Tester test result OEORESE, XEBEER TFHRIGELMESLI K,

T PIE=5 N N T PN iE=1 R Y. TE i
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FE A 1200 77.8 915 878.4
I RS 1200 74.4 1158 982.6
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FA g AR m¥ﬁ1w 200, 250, momO%FﬂWW
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Tab.7 Four-point bending fatigue test result for emulsified asphalt cold recycled mixture

A B R SE P R S
RLAEAKF-/ pe " -
ERIE/MPa JEFE M/ (x10* k) FhERE/MPa S35 5/ (x10* ) FNERE/MPa  $¥55 54/ (x10% %)
3823 1782.1 3252 2069. 5 4782 2401.4
3 596 1974.4 3330 2 130.7 4 944 2691.9
150
4034 1872.0 3103 2065. 4 4672 2510.6
3701 1973.4 3207 2170.7 4752 2578.6
2782 93.6 2297 106. 1 3615 1 390. 0
2 851 90. 3 2532 115.2 3415 1558.4
200
2 696 94. 0 2220 106. 6 3320 1454.5
2553 95.5 2 404 104.9 3 482 1532.9
2063 38.4 1745 39.4 2635 48.3
1 965 35.7 1815 44.4 2519 51.8
250
2002 37.2 1948 42.2 2482 52.1
2178 35.5 1988 42.1 2 602 48.0
1 554 4.9 1439 5.1 1 964 7.7
1 400 5.2 1342 5.7 1 869 8.0
300
1 544 5.2 1 364 5.8 1979 8.5
1572 5.0 1458 5.4 1 930 8.0
Fe 7 UL L AT, B 9 57 X 50 e i g 1, AR FEIEAR—FL O R T R A S8, B
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()25 il 2 BERL R I SR /)N, 9 57 F A 5 N AR K A NHE RN, HWEBIG RS, =N SR R A

P24
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SRR B T RS MA
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% 97 7 R RE R 2 XSHE K
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—=0. 238 8x+ A(R2=0.
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Fig.1 Fitting curves of fatigue test
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Tab. 8 Porosity of emulsified asphalt cold recycled mixture

by indoor molding v. s. field compaction

PR 2 23 B RAR A % AL 5 FH %
N AR 12.4 9.5
I TR 11.3 7.4
W IR TR 9.2 7.9

H e 8 Il A1, 3 FPA AL Ty 3R LA S % B AR TR
GRS B RS 5 R BN T 10%, 50 508 25
PEAN, B R R S 28 B L 3 P R 25 B
BREART 3.2%, FLALWIH R ARG BH B 158
BRI/ NT E N, X FE T AN
SRR Bh AR 1K 5 s 56 0 14 R e 11 e S TR 1 5 BROR
dS, WA, RO 2RI, S EROR o S
WRRER S DI E K EE AR R AR, 7R
YR s R MR R AE T, LA F R A
PRI A R 60 75, 27 A 7KF- 8 2 Fn ks
3N, B EAE T H2 kR 18 8 3% 21 A8 X f A iR
A, BLEREREA, SREE-SEL, R
YR SR 25 B R b R 3 1 S URE 28 BRI T
2. 1%, XFRIEH 2R E 5 Z LD iR
ATRA R 23 B HE— 2D RRAIR, Bl SRR U 7 TR 55
X FU IR AR AR RR AR, H K
BB E, X FEEH TR IR AR
R RS Y L S T RZFA A E S A RE
B T RBER, RN FE R IR SR
] AL 2 % FLAL W 75 12 PR TR A R B I AE A,
Wies (BRI AS ZL AL 5 B 5 FRSE, Bl
AW AR AR A B BER 60 °C, 7
HEADTF 40 h fESE B ke S, — R LT
MG KR AR, HEN BRIk A, 0
RSO T RN A, =N SRS
FESEZAFIEARWI G, Ja et 5% nl i ok o9 4% e 52 T ol
B iy SEU L S A B R A b 5 B AR DT R
4.2 PAMBSRELE

FALDIE AR A B S BR R, HRb
IR EARAREN R TE . REKATER,
P SEB K R BAEIT 0, X5 HAMER Y 2 B2 A
PER G, 25 BRI bR A0 W0 S W T 6 28 B R K/,
TCTE X 5328 BRI /NGy A R AT B2 2 B e 2L AR U 7 % 1
AR AR B g3 A KL AS B R T A I Y
225 kV Tl CT R%e, #RE3 Ry L e &
BHAEREGHR CT ﬂ”fl‘, FHEEE N 0.1 mm, F)H
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SRS . '3 %41 &

inl ik, JFMA SRR, R TIES SRRy
TR I B B AR A BT A SR AS SR A
B AL A BAE LA U B Ve PR TR SR AR Y =
Herppr, SBARIR, REREY IS, B4 4 4
AT, ESECEIFIERUR ) SR e
AR GRS BRRC . S5 280F 2 28 B AR Je s
BT AR T 38 [ A R
4.2.1 Z=BHEER

MRAETT IR B excel PG F & FHA=
RABZEBRAI, o RZBABY 100 mm®, f/has
BERARBUA 0.1 mm?*, Hpa) 23 B A AR I 42 3T 509 L
P BRARBIL I, S BRBGTT4 R 9,

®9 ARBEBEFARXAUTELBERAHZHRERRE
Tab.9 Void gradation of emulsified asphalt cold recycled

mixture with different forming methods

P A 7 2 R
BB V/mm’
FENBA BFET RS RRIES

=100 0. 065 0. 049 0.033
50< V<100 0.207 0. 130 0.104
30<V<50 0.280 0.202 0. 156
20<V<30 0. 426 0. 345 0.220
10<V<20 0. 398 0.370 0.293
5<V<10 1.867 1. 666 1.522
2<V<5 2. 675 2.470 2.378
1<V<2 3.594 3.268 3.041
0.5<V<1.0 9.352 9.328 9.008
0. 1<V<0.5 9.959 9. 155 8.909
V<0. 1 71.177 73.017 74.336

& 9 A, FLALW R R EAR R AR R RS
BRBFEE L0 0. 117 ~0. 136 A~/mm?, 28 BRZH P /N T
1 mm® 25 B B 2B 94% UL, KT 10 mm® %8
B AR 1%, /NF 0.1 mm® 28 BEE 5 HER
F70%, AWM ELFHLRAR N SIRERE T
SRR EATBR N R R

AN SRy & T A AR 5 2 FAE R A R A
PRl 25 SR, X FERBAE, =W MR FLIE
HRFARSG R R T 100 mm® 25 gt iy 9
Y R SR R PR S AS BRI Y 1. 33 5 1. 97
5 KT 50 mm® 25 B R B i SC A — kA
JESLZS AR 152 54 1.99 £5; KT 20 mm® %8
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