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Tab.1 Properties of SBR modified emulsified asphalt

S EAsH FE K 5% BB W e s AR 1/ Y6
A R s A
i H L }fl : ey B ORTHRM pmpca 353 N
ES YO I 1d 5d
SR/ % E25 255/ %% (15 °C)/em (25 °C)/0.1 mm
0 25 183 0.01 63 13 FHES 7 () 98. 1 — 69 0.8 4.6
HoRE SR EEsbhR <01 =62 2~30 HET >97.5 =40 50~300 <1 <5
(2) 1 J2 1] e 48 ) B U 7 I T T R BVE ) (JTG F40—2004) #

)2 [\ Y5 £E Bl (reclaimed asphalt pavement EMEARTR.
material , RAP) R J 4 #IA4E X115 Hi AC- 1.2 B HE
20 [l e 30 7 6% 1T AR I T 4 45 AR DL 3R 2. I K3 18 1 (o) X IR A5 R B8 FH P 8 19 52
M) Hsf 7 SR VR A Bk i UL 26 3. il g it L SR N B
EXT RAP BAARFBET B,

WG ML 4B i (ro,) SR A RE 3% FH M A

k2 RAP MR B 7404 R

Tab. 2 Results of RAP material grading screening

RS AR R RO wng B R R4 LI 4. B 0. 5
by o » o 19 mm HAERB RS N 10%. 9 BERE N

. o o . 390 WL B8 WS 1L
4.75 36.4 5T 9. 5~19 mm HLEE KB & AR G R
B I 0 00 B 7 S PSR 3 4 L L 2 5. 3t
(3) B Akt Wor BLA DB 55— H 209 BB R —

A HLEI RS AT 9. 5~19 mm FH £ B K 1% 39,9, 5~19 mm KA BB 5% Wi 25 1k
B IE R AT PR /77 i HA AR AR A (A

£3 RRTRBENLSHAE

Tab.3 Mixed material gradation with different mineral powder contents

AR/ % RO I R { W W5 Y
9.5~19 mm K&K Bl ¥  RAP  26.5mm 19mm 9.5mm 4.75mm 2.36 mm 0.3 mm 0.075 mm
0 0 0 100 100. 0 97.3 62.9 36. 4 16. 6 3.8 0.8
0 0 1 99 100. 0 97.3 63.2 37.0 17. 4 4.8 1.7
0 0 2 98 100. 0 97.4 63.6 37.7 18. 3 5.7 2.6
0 0 3 97 100. 0 97.4 64.0 38.3 19.1 6.7 3.4
0 0 4 96 100. 0 97. 4 64. 4 38.9 19.9 7.6 4.3
0 0 5 95 100. 0 97. 4 64.7 39. 6 20. 8 8.6 5.2
k4 FREVE B ENE SRR
Tab.4 Mixed material gradation with different mechanism sand contents
Y iR MR AL/ % it 3 T B0 6 LR SR 8 Y
KM 9 5~19 mmHlEH HHE FF RAP 26.5mm  19mm  9.5mm 4.75mm 236 mm 0.3 mm 0.075 mm
i 0 0 0 100 100 97.3 62.9 36. 4 16. 6 3.8 0.8
i 10 10 3 77 100 97.3 62.2 41.0 25.2 8.4 4.2
i 10 20 3 67 100 97.5 65.9 47. 4 32.9 10. 5 5.0
iv 10 30 3 57 100 97.8 69. 6 53.7 40. 6 12.5 5.8

v 10 40 3 47 100 98.1 73.3 60. 1 48.3 14. 6 6.6
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Tab.5 Mixed material gradation with different 9. 5-19 mm coarse aggregate contents
A R L/ %6 3 3 A G FLUR H R A A %
KE 9 5~19 mm MR HLEE #8 RAP 26.5mm  19mm  9.5mm 4.75mm 2.36mm 0.3 mm 0.075 mm
0 0 0 100 100 97.3 62.9 36. 4 16.6 3.8 0.8
0 20 3 77 100 97.9 71.4 51.0 34.5 10. 8 5.1
10 20 3 67 100 97.5 65.9 47. 4 32.9 10. 5 5.0
1\l 20 20 3 57 100 97.2 60. 4 43.7 31.2 10. 1 4.9
Vv 30 20 3 47 100 96. 8 54.9 40.1 29.6 9.7 4.8
VI 40 20 3 37 100 100. 0 96. 4 49.3 36.5 27.6 9.3
M 50 20 3 27 100 100. 0 96.0 43.8 32.8 26. 2 8.9
1.3 k8 Jiik I AR OB B B R T3 R AR KR
(1) I H R il 56 )7 12 A AEZLAe I & H & W3R 6. il LAk I F H

JIT R FH 0 R 3l R SR IR AR 2 5 TR R
35 Hz, EERGR& 108 kg, FE RS & 167
kg s R FH 2 B R 3l i 508 o B oK T % M AR
KRR B B R B[] 60 s 5 >R FH TR B IR 3h W A i
63.5 mm, A% 100 mm &4, 97 30 AL BFAE] 60 s.

(2) ROk 50 ik

K F 4 0 56 1T A ¥ F5 AR TR A R S IR AR E
P ARIECA I T RS R IR A B g )
(JTG E20—2011) s Rk 300 mm X 300 mm X
80 mm Y HM . R AW IR A R E RO )
(T0719—201 1) #EA7 4= Mol 5. 1056 i 13 42 ] 72
(6040.5) C,ikfe4: bR 38 (0. 740. 05) MPa''".

CI IR S i ik 56

K PR IR 25 1 305 940 v 7 A2 TR A R IR TR

PO R AR B TR T B 75 TR A Rk 56
) (JTG E20—2011) Wi & R ~F 300 mm X
300 mm X 80 mm [ %4 &b , %iﬁ*ﬁ@]ﬁiﬁﬂ‘
250 mm X 40 mm X 40 mm ¥ B A 1R /N 2R
2R (W5 R A RS # il 58 ) (To715—
2010) F A7 25 3 56 a0 I B i AE (— 10 £
0.5 C.In#EHEZ N 50 mm/min.

() KR e PR B8 T 1

FLA ¥ 15 A 1R A ORI K AR E 1 R oR
COAN B TR W5 KW R A R 8 R ) (JTG
E20—2011) A 9 ¥k filt B 24320 56 M2 B 7K 5 BROR it
5ok AT PEAN

2 ERET RSP

2.1 W BRI
(LDEA
3 IR s i E A B R T L

N AV RE ORI WL 3.

k6 TRTFHBENRATEE . RESAE
R EANTFERE
Tab.6 Maximum dry density, optimum moisture
content and optimum emulsified asphalt content
with different mineral powder contents
) BRTHE/ SEZE PN AR E
BE/ % (g+cm ?) 2/% /%
0 2.177 3.7 3.8
1 2.183 3.8 3.9
2 2.191 3.9 4.0
3 2. 201 4.1 4.1
4 2.207 4.2 4.2
5 2.212 4.2 4.3
(2) K E5E T
Wk 15 16V FE AR TR G B R i B 248 SR

7K Hy )R A 5 5 e UL AT 1.

P 1 AT, BEAT Ry 45 R VR B R
b R B E B S B LBk Y0 B
O 3 VOB, R Rl A5 B L L AR R AR B A B g
H. 5B kA, KA S A 32w, Al
200, I B 07 8 ) 4 8 2L AL U 7 V2 AR TR AR
) 7K B PERC R N B .

(3) il e M

k3 45 5 6V 15 AR TR A R4 S0l 56 52 e D 1

2, i Sy FoR AR E .

H A 2 AT e B AR A R s R BEBE B
BB RN ES I E: SABY B, 8
3N MV ARG RN EERS T 1%,
M B 3 E R AR A R SRR
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Fig. 1 Variation of water stability with mineral

powder content
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Fig. 2 Variation of dynamic stability with

mineral powder content

B R B W 2% R T AR TR A R IR
PERE | e8P 1 , I By B i 3%,

(ORI BT A

Wk B E X AR TR
L 3.

AL 3 AT, BE AT R 45 B v FE AR TR R
5P R B AL R AR N WG R Y Ry 4B i
30N S A L B AL N AR B KA X 208 B K
Bi 3000, SR M L, &R0 B AR
AR AL Ay B AV 1 0. AT UL B R A R T
LV HAE TR A RMITIE R g L (H ORI 5.

gi b prid , WA HE R RS T
ka3,

AR TR 2 i 5 5

3.33
3.31
2
£ 325
= 323
< 32
3.19
3
0 1 2 3 4 5
Winp/ %0
(a) 25 45 i
1815
1810} >
_ 1805}
2 1800}
© 1795}
1790+
Sy 2 3 4 s

Winp/ %0
(b) 5L R A%
K3 BHREMEHLNEHEYT BB ELN
Fig. 3 Variation of bending strength and bending strain

with mineral powder content
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Tab.7 Maximum dry density, optimum moisture
content and optimum emulsified asphalt content
with different mechanism sand contents

AR THE/ T fEF K AT F

e TRES - . o o
(gecm ®) /% MR/ %
i 2.177 3.7 3.8
i 2.199 3.8 3.9
iii 2. 241 3.9 3.9
iv 2.218 4.0 4.1
v 2.201 4.2 1.2
(2) KAt

AL 42 B X v 754 TR 5 RO il B 2R e B

K T BROR R 5 e LA 4.



% 6 1

HNESZ: FRALCHFELAB LRGN EAEERY R 611

0 10 20 30 40
Wns! Yo

(a) VKENEE 200 B 1L

e

S/%
€O €O (O (O (O (O €O (O ©O ©
oo mowm
— T

1I0 2I0 3I0 40
Wns/ %o
(b) BREREHE
Hd4 KBEHEHEIEDHBET L

Fig. 4 Variation of water stability with mechanism

o

sand content
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IO 20 Yo B R B 240 B LE | AR B AR A B GA B
WA, 5 A48 3 42 L AH HE L R il BY 2458 B 1 gk R
Fa g BEAr 4w 10 % A 5%, BRIt 3 T B IR
B RK R E M, L E 2B 5 20 %0.

(3) = e e

B D 5 5% 4 T A4 TR A e 22 30 56 5 g D,
% 8.

k8 NMNHADBEXNABLERAGNFTERRE
A

Tab.8 Influence of mechanism sand content on

high  temperature stability of  cold

regenerated mixture

VR G R 7 % 5, B AL b 48 AR B W T
WS, IR RO AR A LARR s AL b 1B
Z I, B 1 V0V T IR B R 454, R L Bt 4¢
kR PR ML B B 20 %0 B, FLAR Y
HARGHMIIREELINRRE. IREES
ANBHERMIILRE T 54%. W, 3 F % fE
AR AR P LRI B R 20 %.

(OB 2

B D 15 1 XA B AR TR A BHIG IR 25 i X 56 52
M L% 9.

£9 NHABDBENAELEREHKES d
R A

Tab.9  Influence of mechanism sand content on

low temperature bending performance of

cold regenerated mixture

57 i RS
EANESE

HXFE/MPa HHXFE ZEXE{E/10 0 HXE
i 3.43 1.00 1821 1..00
ii 3.55 1.03 1847 1.01
iii 3.89 1.13 1883 1.03
iv 3.70 1.08 1814 1..00
v 3.12 0.91 1780 0.98

e FFERE/ QR e mm L) B E BE AR X H
i 1 600 1.00
i 1768 111
iii 2 462 1.54
iv 2 407 1.51
v 2 148 1.34

S A4,9.5~19 mm fHERBE 10%.
Wk 3V n L FAL Y EH R ARG R R
JE JE AL ) b 425 2 04 38 0 S 14 R s /. axX g2 A
J RAP MR 2,36 mm AR R, AL

H 2 9 T1,9.5~19 mm AR B 10% .,
Wk B 300t FEALH P& B, R AR A
FES RS R S R AR S8 3 R 0N s Y AL
By 20 Vo ), 25 hr o RN AL L AR Gk B 0 R
SRR AH EL , 25 R 58 R 25 RN AR 43 ) T
P 1390 3%, BRI L 3 T A TR A RHIR IR
fig, ML B H R 20 %.

gE LT LA E R AR TR A R AL
il b5 5 20 %.
2.3 9.5~19 mm HLEERHE B0

(DFEA

I IR B8 T A i E R TR 9. 5~19 mm
HERZE TALDHFRHERARNEK TS
FE AT K R AR A FLL D ISR 10, 4K
B LA o 4% TR A R G WL 5.

(2) KR b

9.5~19 mm KL AR5 5 4% FAE TR A ORHR
Flt B a0 B3R K R B0 s e DL 3R 1.

M2 11 A7 41,6 9. 5~19 mm M ERHB R
BN, 5% P RS T BE VR Y 45 B LE S 2 AR Ak
G 9.5~19 mm MHERBE A 100 ~30%
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®10 FAF9.5~19mm HMERNBEHRAT
FERESGAKEREREARTEFAE

Tab. 10 Maximum dry density, optimum moisture

content and optimum emulsified asphalt

19 mm coarse

content with different 9. 5-

aggregate contents

£ 12 9.5~19mm HERBEGAHF L RS
BEiRREd®n
Tab. 12 Influence of 9.5-19 mm coarse aggregate

content on high temperature stability of cold

regenerated mixture

i 2 %j(]lﬁ%:ﬁ/ FefEFK F AR T
(g+cm ?) /% /%
1 2.177 3.7 3.8
Il 2.198 3.9 4.0
i 2.241 3.9 3.9
I 2.267 3.8 3.8
vV 2.286 3.7 3.7
VI 2.283 3.6 3.6
M 2.271 3.4 3.5

e HAERE/QR - mm 1) B E B AN X
1 981 1.00
I 1538 1.57
Il 2 462 2.51
I\ 2 845 2.90
v 3025 3.08
Vi 2871 93
VI 2716 2.77

*11 FE9.5~19 mm HERBKBE
WREEREGENEEL

Tab. 11  The residual stability and freeze-thaw cleavage

B AR

strength ratio of mixtures with different

9.5-19 mm coarse aggregate contents

J— 5% B R E T T B 458 B L

AXHE/ 2 MIXHE daXHE/ % HHE
1 89. 4 1.00 68.0 1.00
I 92.0 1.03 71.7 1. 05
I 93.8 1.05 72.9 1.07
J\! 94.5 1.06 75. 4 1. 11
V 94. 6 1.06 75.8 1.11
il 93.4 1.04 71.9 1.06
Ui 92.5 1.03 57.1 0. 84

B, 5 R 1800 SR A L, 5% BA R B VR Rl 20

FEH A 4 & 500 ~6% M 790 ~11% ;2 9.5~
19 mm HLAE BB B 3026 B, K B2 8 Pk 3k 2] i
;24 9.5~19 mm *ﬂ%ﬂ?ﬁzjﬂﬁ 30 % I, B
R AERNE BN, I A RS B 0 R DAL
Wit 328 1 K 7J<§J\5'nzi£/\ﬁ‘i4¢lﬁil35ﬁﬁ{ﬁ% BEK
FeoE VT R PR IL 3 T8 AR IR B R KRR e 1
AW 9.5~19 mm HERBE N 10%~30%.

(3) 1 A e v

9.5~19 mm H A EHE & XE AR AR 4
RO 5 ) L3R 12.

H 2% 12 Al AL SHLH b8 i 202 0 B &
3VORT B 9. 5~19 mm ML RHB &1, FL4L I
T FRA TR AR B R B S 1 RS W/ L X 2
9 RAP # B P 13,2 mm DL B4R R E 20%,

MELUTE B 20250 LBl 9. 5~19 mm ML KB A .
BAF A SR G5 A 3 W T B, R T A O R AR DL R
#5249, 5~19 mm HLAERMB E 20, WP s
s PR, RIMA BT E MM RE TR 2 9.5~
19 mm B ERBEN 10%~40% 0, B FAERA
B SR E B 5 N 1B L AR A L R 42 860 00 ~
97% S AB R L PR TR A R s R
PR T 151%~208% , Hp, 4 9. 5~19 mm
Gk R 30 Yo i, A A B Gk B (. IR IL , 2
TV T A IR G Rk T g 328 B ML
9.5~19 mm HERBE N 10%5~30%.

(ORISR

9.5~19 mm K AR5 5 X8 FAE TR A ORHIK

T 25 it 5 ) WL 3R 13,

%13 9.5~19mm HEHNBEMNALHFAE RS
RHK R E b 8

Tab. 13  Influence of 9.5-19 mm coarse aggregate
content on low temperature bending
performance of cold regenerated mixture

R LHRE R TR
i X fH/MPa  AHXE  ZEXE/107°  AHXHH

1 3.17 — 1786 —

Il 3.76 1. 00 1856 1.00

Il 3.89 1.03 1 883 1.01

N 3.85 1.02 1 841 0.99

V 3.53 0. 94 1815 0.98

VI 3.12 0.83 1772 0.95

VI 2.91 0.77 1704 0.92
HiZE 13 w0, AL b 48 & 2000 . 0 #3158 &

3V0S LBl 9. 5~19 mm HLAERHE &, FL AP
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H 8 A IR A R hr 5 B A R N AR Se B KR I i b, B RS H ARG R M aE, 2
/N AH 9. 5~19 mm *E%ﬂxﬂ/\ﬁizﬁb P EE ) 9.5~19 mm HAERBE N 104 ~30%.
B RS B N AR R R IR AN s 2 9. 5~

é . W,
10 mm MR R 2005 4 Tk R S R
biam R TR L2, A, 3TN B TR A RME R FEF LR AR AYERR, 5. iR
e, W 9. 5~19 mm HERBEAEE T 30%. HAADH R FHAEIRE YA, WL 14,

x 14 TREMBARARERE AR

Tab. 14 Gradation of cold regenerated mixture with different materials

R R L/ % 3 3 R F G FLR T BT B %6
KH 9.5~19 mm MR HLHE FH RAP 26.5mm 19mm 16mm 9.5 mm 4.75 mm 2.36 mm 0.3 mm 0.075 mm
@ 10 20 3 67 100 97.5 91.7 65.9 47. 4 32.9 10.5 5.0
® 20 20 3 57 100 97.2  89.7  60.4  43.7 3.2 10.1 1.9
4 gfpl': i:e SUN Yansong. Influence of Portland cement on the
performance of emulsified asphalt cold regeneration []].
COB R X ZLAG I 75 e 7142 TR 5 B9 K R Journal of Wuhan University of Technology, 2013,
P AR BT R R B A W R 0 R B 30 35(4):45-48. (in Chinese)
L, 5B AL, AL EFE L HAIRAS RS [4] BISSADA A F. Structural response of foamed-
P AR 41%. asphalt-sand mixtures in hot environments [C] //
OHLEI B E N 20% i, 5 R B HLE M Asphalt Materials and Mixtures. Washington D C:
FC . 5 il B S0 B LY B R A R R T 43 5 Transportation Research Board, 1987:134-149.
B 10% 54% .19% [5] EBELS L-J. Characterisation of material properties

and behaviour of cold bituminous mixtures for road

(3)9.5~19 mm K5 B4 FL A0 FH % #E . .
X pavements [ D . Stellenbosch:  Stellenbosch
A L 2 A 91 5, 5 KA SR
BHRARLE, 9. 5~19 mm HURMBEY 1006~ (6] gap, s ank % ALFssELEs

30 Y0 B, o dl B 5 B L L Sl AR EE T Ay i 4R Fres AR eAR [T A% x@EAR, 2009,
7%~11%.151%~208%. 26(7):27-32.

(4 L 3% FH R BE B 00 8 T ), 3 o 28 o5 e, 28 WU Chaofan, ZENG Menglan, ZHAO Minghua,
AR EAERA B E ., & RE RS, 8% et al. Experimental study on road performance of
WEESFA R A BT 9. 5~19 mm KL KB BN cold recycled asphalt mixture with emulsified
107 ~30% HLEEMEE N 20% T8 B Y 3%. asphalt [J]. Journal of Highway and Transportati?n

Research and Development, 2009, 26(7):27-32. (in
7;‘% 5% iﬁk : Chinese)
[7] #ﬂ://l\ﬁ( Sh At R AT F A R R R B R A
[1] #%k#E#H. ABHFABFLTERSHE S ILX Mol (7], 24 MR 23, 2013, 16(3):534-538.

LI AR 5 B, 2010(3) :25-28,16. DU Shaowen. Effect of additives on pavement

ZHANG Daoling. Design of mixture mixing ratio performance of cold recycled asphalt emulsion

for emulsified bitumen cold regenerated surface [J]. mixture [J]. Journal of Building Materials, 2013,

Urban Roads Bridges & Flood Control, 2010(3) :25- 16(3) :534-538. (in Chinese)

28, 16. (in Chinese) (8] #HHEIN.FEF.KALKR.%. NHETBEEAAF
[2] HE Guiping. Study the use of reclaimed asphalt sHERABERAEGEmE X [J]. A xEH

pavement (RAP) with foamed bitumen in Hong ¥, 2014, 31(7).32-38.

Kong [ DJ]. Hong Kong: The Hong Kong GUO  Yinchuan, SHEN  Aiqgin. ZHANG

Polytechnic University, 2006. Mingcheng., et al. Influencing factors of road
[3] PER. KRBEXNANTFTAFTLE RS EREY performance of composite cold recycled base mixture

”I’] [J]. RWE L AFFR. 2013, 35(4):45-48. of asphalt pavement [J]. Journal of Highway and
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Transportation Research and Development, 2014, Edition) . 2010, 30(4):1-7. (in Chinese)
31(7):32-38. (in Chinese) (12] #EZE, K49HF, K ﬁ)’rﬂ F.SRXRE®BEARE
(9] FEL MECHHF R ALTFABFLBEHE SLRE KRB R M [J]. BE A A OH ¥R, 2017,
wrEABmEE J] x Tk k® |, 2016, 20(2) ;215-221.
42(4) :541-546. JIANG Yingjun, ZHANG Zouyi, CHEN Zhejiang,
WANG Decai, HAO Peiwen, WEI Xinlai. Fatigue et al. Skeleton dense gradation and road
performance and influence factor for cold recycling performance of SRX stabilized crushed stone [J].
mixture with emulsified asphalt [J]. Journal of Journal of Building Materials, 2017, 20 (2): 215-
Beijing University of Technology, 2016, 42(4):541- 221. (in Chinese)
546. (in Chinese) [13] WA FHEKEAF. FRHEEEHS KR
(101 % 5 % . W df . fr v fu. %, ATB-30 ¥ & & & # oy sk [J]. RAZH T ¥R, 2010, 10(1):6-12.
FARS KA 7 RN [T BEHMBFR, LI Mingjie, JIANG Yingjun, ZHANG Junjie,
2014, 17(4) :638-643. et al. Vibration test method of semi-rigid base
JIANG Yingjun, CHEN Zhejiang, XU Xiache, et al. course material [ J ]. Journal of Traffic and
Evaluation on vertical vibration compaction method Transportation Engineering. 2010, 10(1):6-12. (in
of ATB-30 asphalt mixture [J]. Journal of Building Chinese)
Materials, 2014, 17(4):638-643. (in Chinese) [14] % H.HAAMKEAN.F AEAALCTEARE
[(11] HERE.ZHAKEA.F. KREREZHTREY ARAEBNBRBERN Y. [(J] A 5RE,
w B [J] K& AF%EMRCEAFFR. 2010, 2018(4):58-61, 65.
30(4).1-7. ZHANG Chi, HU Yonglin, FAN Renjie, et al.
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Influence of gradation on pavement performance
of emulsified asphalt cold regenerated mixture

JIANG Yingjun®, HAN Zhanchuang

( Key Laboratory for Special Area Highway Engineering of Ministry of Education, Chang’an University, Xi'an 710064, China )

Abstract: In order to optimize the gradation of the emulsified asphalt cold regenerated mixture, the
effect of mineral powder, mechanism sand and 9.5-19 mm coarse aggregate on the pavement
performance of the cold regenerated mixture was studied by means of vertical vibration test. The
results show that the effect of mineral powder on water stability and low temperature crack resistance
is not significant. The dynamic stability of the cold regenerated mixture with 3% of mineral powder
increases by 41 % compared with that of the mixture with no added mineral powder. When the content
of the mechanism sand is 20%, compared with the mixture with no added aggregate, the ratio of
freeze-thaw cleavage strength, dynamic stability and bending tensile strength can be increased by
10%, 54% and 13% respectively. The effect of 9. 5-19 mm coarse aggregate on low temperature crack
resistance is not significant. When the content of 9. 5-19 mm coarse aggregate is between 10% and
30% s compared with the mixture with no added aggregate, the ratio of freeze-thaw cleavage strength
and dynamic stability can be increased by 7%-11% and 151%-208% respectively. It is suggested that
the best mix proportion of cold regenerated mixture is 10%-30% of 9. 5-19 mm coarse aggregate, 20%

of mechanism sand and 3% of mineral powder.

Key words: emulsified asphalt cold regenerated mixture; vertical vibration method; gradation;

pavement performance



