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Y A TR A R 95 1 B 5 R B F 9T A G %
T, A SR H 2 BLR 3 7E (VVTMD , BF 58 1 Al
J7 15 BOR AR BHB 1 6V T AR IR A RHE 55 PR BE Y 52
M), AAIE T AR S e 2 2

1 b et Bl 3507 %

1.1 e

RAP 3R FH B 74 5= v 0 2 8% 10 75 6 1 e e 4
b, 2 i 4 45 R R 1. LR R A SBR
WOt FL AR I R AR R R A BRORLAR 10 ~
30 mm A7 K s AKJE R A PO 42, 5 338 5 iR £h
IR U TR AR 5 T H AR W S 347 i A B I T T
HAFHARMIE)JTG F4A1—2008) (9H R Z K.

* 1 w4l r RAP R o2 2

Tab.1 Grading results of pavement milling material RAP

LR T /mm AR/ % LR /mm AR/ %
26.5 100. 0 2.36 18.7
19 96. 1 0.3 4.2
9.5 75.7 0.075 2.4
4.75 36.5

1.2 RS TE
M 1 AT, R i A 4R R ORI AR 2. 36 ~

4.75 mm Ml 4. 75~9. 5 mm A& HHE 5 HE R
T EUb O M TS RS R b AR
R Al e e, A5 455 1) I 1) RE 5 i B T 2
AHEC R AL R, B A BRRi AR A 10~30 mm
{4 B R 4% RAP 4T,

ALK AR BHE T 106,202,302, FR A
T LIRS L B AT B A L BT I 25 R 0L 2 25 B
5T 15 7K P 358 ok 3 1 9IR 3h R R A P AR TR A R 9 A
PERYFZ IR, X LG A B A% 48 5 vk S TR ELIR B T
A TR A kL 95 M AR 1Y 52 L IR 15 B 43 B B
(SEMD) 3 #7 J 9% 55 $1 24 AL 3. L 56 i, M 487K e
e 1. 5%, BT B 03 3.

k2 BRATEE . RESAKEMRELMEF
&
Tab. 2 Maximum dry density, optimum moisture content

and optimum emulsified asphalt dosage

S ANETRES ﬁ'ij(q:gg/ AT KR/ % Eﬁﬁﬂ,{tiﬁﬁ
(g*cm ®) /%
R100X0 2.197 3.9 4.0
R90X10 2.242 3.9 3.9
R80X20 2.268 3.8 3.8
R70X30 2.256 3.7 3.7

*3 MRARETEER

Tab. 3 Material composition and mineral gradation

A MR K/ % 3 3 B i LR B 8 %

% RAP P e K9 26.5mm  19mm  9.5mm 4 75mm 2.36mm 0.3 mm 0.075 mm
R100X0 100 0 1.5 100. 0 96.1 75.7 36.5 18.7 4.2 2.4
R90X10 90 10 1.5 100.0 94.7 69.9 33,4 16.9 3.8 2.2
R80X20 80 20 1.5 100. 0 93.3 64.1 30. 4 15.1 3.5 2.1
R70X30 70 30 1.5 100. 0 91.9 58.2 27.3 13.3 3.1 1.9

2 LB gy ik
2.1 WHERNLE(VVTM) K] 5k

(LVVTM

JIF R 0 R 3l S ) 3 AR 2 5 AR AR
35 Hz 24 XHRIE 1.2 mm., FHERSG &= 108 kg,
TH ARG 167 kg.

K F 2 B 3 o S8 A2 de KT AR AE Y
KR R Bl R ] 60 s,

A EEHIES A 54 100 mm, 563, 5 mm
(B A A 4% 3 i RU B[] 60 s

(2)VVTM Al FEE 5 Hr

439 R VVTM #5 8OR B8R A, 8% 5

B R 2% 2 T A A8 . 5
R R AL LA T A R IR G R R S 5 £ T A
TR F R W . SRS S B BN ORE L SR S
S35 VVTM 4 5 #8jOoR R B  HE H
BROR B B ABE 2408 P AT 6 K, A% A
Wik A 56 J5 BOF- 398 iR S a5 R W% 4.5, %
T Py/ P, J& 46 5 BRI T 2 M T 5 SR ) 2
PERR A . Py /P, 248 VVTM R )1 24 1 i 5
OFE T 25 M T LA

HI 3% 4.5 Al Al ZLAL 00 % AR TR A R
VVTM i {45 B 47 505 K 19 J7 2% 58 B S8 249 40 G 1k
Al 3K 94, 8 %0 o 1 By 8RR A T A E A /2 6096, 3X
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Tab. 4 Strength of pavement core samples, VVTM

specimens and Marshall specimens

R A BURREE /RN B ERE / MPa
iy =2 14.0 0.62
® BRI 7.4 0. 40
VVTM ik 1 13.2 0. 60
iy 14.7 0.65
©) B EoR 7.7 0.43
VVTM &1 13.8 0.62

k5 BESH.VVTM R4 5 R T
B JE 3
Tab.5 Strength contrast of pavement core samples,

VVTM specimens and Marshall specimens %

£ i J12EFR IR Py/Py Py/P;
o O OR R e B 52.9 94. 3

B 240 i 64.5 96. 7

O ER R R e B 52. 4 93.9

°© BY 240 i 66. 2 95. 4

YL VVTM fE % 1R 4 1 455 450 30 37 it 1, JF B
iy 000 S T K S R L DAL B LR R A
VVTM J 5 J5 15 J2 o] FE 1.
2.2 MhkJiik

(D) T 1B 250 Jr ik

TEF SR R, MG A 15 CHEIRK R
1 ho SR B 52 (O 1% T RE 0 75 B 3 5 1R & R
KHLAE ) (JTG E20—201 1) (I 5 IR A kB 244
By (T0716—2011) M.

TR ZLIR T R, 2B A 25 C HH R K
W 23 h, A 15 CHEIRKIE H 1 h, 2R 5 B
WA O I TR W T B U R AR 5 R AR )
(JTG E20—2011) (5 % 1R & R BF 23 56 )
(T0716—2011) M.

(2) 9% 571056 I 1k

95 55 120 36 R FH [0 A 3 4 ] e o e 9 55 1 56
T HEAT. ©A B 5T 2 BT TR 4 B 57 K 56
o A v R i b 1 3 RS 5 B TR A A AR T
2N FTIRASH L B R A Ptk B 5 5 B 1
[ A SRR T 1 e, LB AR i 45 SR AR e

AR R R0 R g 0 1. Je B G
RN 2 Frs. Ry AL T AR AT AT B AE R
(R SEBRIETE 2R 2 0E 2% 0F 5% 0% far 28 LA R 7 92 1l
RN 2. A R A 10 Hz, i 28 it 18] 8] g oA
0 min, Jf P FFAEAE GRIAIRNE 7 O R B 0. 1, 2 L

B S 7K S 43 31k 0. 3.0.4,0.5.0. 6.0. 7,13,
R 15 C.

B1 UTM 3 & REE R B R 5%

Fig. 1 UTM dynamic servo hydraulic test system

(b) 2 3
2 EHR®EEAE

Fig. 2 Fatigue test fixture diagram

(a) B AK

3 WAREV U Ko by

3.1 BYRUGR)E
B 28 g 45 R LK 6.

#6 BRBE
Tab. 6 Splitting strength

Qmgs  THEZMRE R/MPa  BEFRME R./MPa
R100X0 0.92 0.82
R90X10 1.09 0.97
R80X20 1.13 1.04
R70X30 1.08 0.97

Hi 6 FAI, BY 200 32 I B 4 R 45 B 09 ot
BERJEI/. X B T BB R R A
B FOU TR A e G BT o (0 A5 98 ko ) 4 R o
S48 IR R A B R 4G 0 A BE B3 DR
V% FEAE R GORHAY g 27 SR BE A BB R A 4 vt
A RS R T 20 Yo B BT AR R LR £ %
AR5 ) AR SR T A B ] S B B R A K
TR REZ 18] (9 6 23R T B AR L TR ek i i T IR
3.2 WO IR AR o

(1) 9% 57 1 6 45

B S5 IR A5 R L 7.
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k7T WHEHERBER AR R Gt ik it — 25 A iF o v AR TR
Tab. 7 Fatigue test results AR T 7 A B
9 i P57 AF A N/ RS P 55 F5 i N RS0 35 5 4n N IR
EiR=s S=0.3 S=0.4 S=0.5 S=0.6 S=0.7 S8 Weibull 20 7, 8 57 2 25085 38 1% 25 75 Ay
5723 1913 856 187 253 e s
cuss 2170 90 607 207 22 [E] A% N7 6 Z L ) 2 2 P@EFfm
R100X0 6 842 2396 1 146 682 332 P=Fx =1—expl—(N/w"] (D
7371 2704 1236 767 375 1 o
8421 3115 1324 838 395 In In 1_P:a1n N—aln u (2)
8178 2858 1696 896 402
9035 3100 1843 1086 475 K a WIERSE L u HRESHL
R9OX10 10184 3469 2020 1123 525 AR () F13E 7 B AR K TE S %
11016 3772 2224 1257 590 26 e 25 T4 N L 5 L .
12014 4022 2452 1350 685
12670 3882 2223 1344 703 M 2% 8 Al ZEAS R N F1 K L A 68T 5 Kk
13790 494l 2495 1608 837 BRTHAHARAEERIEHERE R 1
R80X20 14812 4763 2701 1683 892
16316 5191 2928 1889 988 +F 0.95,1n 1n(1/(1—p))~1n]\]§'3}mm BL T
17786 5458 3312 2125 1150
8596 20908 1640 917 470 ROk e & . KB v F Weibull 43 A% AY 34 2L,
10 236 3 436 1746 1111 523 ’f/{ﬁ(}ﬁ%?@ﬁﬁi{@é**ﬂ@&%ﬁﬁ
R70X30 10783 3571 1924 1170 615 o o N i
11850 3964 2082 1326 704 B T 1 oAb 3 E T R R RO R T 500 e
12614 4169 2218 1475 752 50% K 8 1A T R E A A K (2, AT AR AN []
I 17K F 2L AR I 7 R A R SR % 9 B N 2
(2) 9% 57 75 i Ak AL 7Y

Hi 7 LA = P 05 U K S AR RO

R 9.

#* 8 Weibull it b 4 &

Tab.8 Weibull distribution test results

R100X0 R90X10 R80X20 R70X30
S a aln p R? a aln p R? @ aln p R? a aln p R?
0.3 6.0506 53.946 0.973 0 5.7522 53.433 0.9913 6.5460 63.390 0.9792 6.4443 60.759 0.986 6
0.4 4.6361 36.590 0.9795 6.3004 51.724 0.9848 6.6527 56.758 0.9843 6.4818 53.735 0.9803
0.5 5.0439 35.774 0.9907 5.9876 46.057 0.9778 5.7911 46.229 0.9847 6.1291 47.693 0.9724
0.6 4.176 7 27.603 0.9954 5.5850 39.728 0.9771 5.2142 39.217 0.9501 5.6643 41.389 0.9864
0.7 4.8994 28.815 0.9910 4.3353 27.626 0.9906 5.8169 40.051 0.984 0 5.0723 33.621 0.9953
K9 FTRABBMETWERET F & L3 10.

Tab. 9 Equivalent fatigue life under different failure

&£ 10 REME 5%F0 500 T WK % F & Flf 7 &£

probabilities
- — Tab. 10 Fatigue life prediction equations with failure
RKE RN N
ahili =0, 7 0
B K P/Y s=0.3 $=0.4 $=0.5 S$=0.6 $=0.7 probability of 5% and 50
5 4559 1411 668 364 195 3 P 7 #5-fiw UG 7 B R 26 R AR
R100X0 s
50 7011 2473 1119 679 332 %5 P=5% P=50%
5 6456 2294 1334 722 295 =—3.655 1lo+1.72 )=—3.516 0 2.004 0
RI0X10 R100X0 v 655 lx+ 83 3.516 0x+
50 10152 3468 2061 1150 538 R?=0.998 2 R?=0.996 8
Rsoxzo 0 0199 3246 1754 1045587 y=—3.452 02+2.021 1 y=—3.305 92+2.273 5
50 15181 4801 2750 1721 918 R90X10 R2=0. 983 2 R2—0. 988 9
5 7843 2520 1476 882 421
R70X30 =—3.273 92+2.263 6 y=—23.173 62+2.485 5
50 11748 3765 2257 1397 704 R80X20 .
R?=0.994 5 R?=0.990 5
KRR )X 9 BT [\ 44, R 158 2% Rroxsg VB 2813521578 y= 3,156 92-+2.389 1

LR 500 S 50 00 B 9% 57 73 i TUAL 07 72, 45 2R

R?=0.988 9 R?=0.988 3
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Kb BUE RN ULWIET SR RHE B 20 D0 I v 1442
TR A RE I 55 ek B4 0 0 T 728 Ak UM R 47
HA — & BP0 57 L.

4 9% 55 PERE iY 52 miy P AR WF 5

WA RHE B 9% 55 P HE 0 5 e
AR A R 57 O R () P Y [ R L
A AN 3 TR BRI 25 5 RE B4 5 0] )9
B b M/ AL RE R I T 72 A A BURE AR
(T 55 1k BB

HRAE 10 2 i A 5] 2 B3 A R BT 4R kL2 4
AT R £ I 3 R

4.1

4.50
4.00 r
= 3.50
— 3.00 N .
w5 SRR
250 P RaoNa0 pgop N
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g S
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Fig.3 Fatigue characteristics curves with different

failure probabilities and new aggregate contents
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RIS LA I 77 ¥ T AR TR B R 0 98 57 5 A A7 TR 5K
RZES MR 5201 Ky 50 %61 1R A kHY

Joj AR 8 S B 1 100 0 o 3 A AR ARORE SR AT IR

COTE R — R F1 7K SRR T F AL
7 PR AE TR G B 9% 57 e 1 B B BT S RHE BRI
S A £ A Ak B BIR A R 9% 57 75 A B
RAP B85 e TR LR RN
20 Yo IF L VR AR 5F 1 BE A

X H TR RAP 2 b 40 4 R & B
150> A A B A Ak B VR A5 Rk I A AR A0 L TR N
HBIE Il B T 9 LB R R 2 L A R DM L
AR BE . U FAEIR AR T AR RN IR A
BHRBCAT BIOCAL TR AR IR B8 S A 2R
R AR G R % LIRS KRR
B RS ) RN EE BH Dy, HE U 57 1 e A Bl 2 4
FL AR B R 20 %0 I M A R T
Z IR AR ERIE B AR s PR 2 A L R 0 N
BRI 9 55 Fw b F B
4.2 RIKIBIREZ S5 PE RN 55

9 05 P Il 2k B 95 T B A i an TR 4 ek
11 B, iR 5 i, R B R80X20 4B, VVTM Ji§,
AU B A A IR R K SR X FLAL I 2 AR R
GBI 55 e 1k 52 w1 1F 2. R R KR
15 CEEAK®E 1 h; KM 25 CoRHE IR KT
23 h, A 15 CHHEIEKA 1 h.

PR 4 Ko 11 Al K 3 X AL I B ¥ F
AR AR 57 MRS e 2 U Y. 5 R R KA

450
400F ~
o 350 ¢ NG
= 300} N
950 b RS )
200 6 05 04 03 02 -0
lg S

H4 SUkBBMETHTEEZ FEd&
Fig.4 Dry and wet fatigue characteristic curve with

failure probability of 5%

F 11 RBMBEN SN ERE T Fa L7 2
Tab. 11 Equivalent fatigue life and its prediction equation with failure probability of 5%
e N 35295 7 i AR O B R 36
S=0.3 S=0.4 S$=0.5 S=0.6 S=0.7
K2 KR 10 199 3 246 1754 1045 587 y=—3.273 92+2.263 6,R2=0.994 5
Bk 23 higfr 6 658 1798 768 434 322 y=—23.621 0xr+1.864 1,R?=0.982 8
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PR LG AN TR R 5 7K R 2= 7K b 381 FL AL I
7 AR IR A RN 0y 9% 95 75 A /)N, R R g AR Ak
TRURAR BE 0. HAR R IAE A W] RO, 5ok
BACGEAAR L 22K B 9% 57 75 an TAs 7 B2 Y
R8N 0 fH 38 K. X0 T K 43 4l 1 35 1 25 B
BN ER L 28 5 K B R] B v R R AR LAk
Wi 5B REY B B R R ORE [R) 26 2R TR &2
X Vo P AE TR G fe 0 20 R A i S AR M JB 52 e A
FEFADIE B AIR A RH I 55 M e 3 AR
4.3 Uik JiikxyE 97 vk sR i

FLACI ¥ FAE TR G oRHE 48 ok I A 5
B R B AR KR SR B BROR O v 2 0 1l D
TRB R u H BOR R BE ATV AR TR AR
WM IOt R AEFLIL I E 2. VVTM BE 8 i
AR K CRE A E % S FLA T A T

K N TR 38 3 7 36 X8 4 BB o 20 %6 B
% FEAE TR GBI 57 FEPESEAT BIF SR 9 57 5 FR R
12 ffiR.

k12 TR RBMEETHET Fa k7 E

Tab. 12 Fatigue life prediction equations with different

failure probabilities

e 2% 9% 57 7 i WU 7 BB AR DG R4
P/% VVTM T BRR
s y=—3.273 9x+2.263 6 y=—3.590 Ox+1.941 4
RZ=0.994 5 R2=0.988 9
50 y=—3.173 62 +2.4855 y=—3.634 22+2.179 0
R2=0.990 5 R2=0.993 3

H1 2 12 AT, A Uy ik S R e A TR AR
(9% 55 PERE. QAR [A) R BUAE R T, VVTM A8 ik
PRI a (ERIR T B BR T b (IR AF AR B
RSB AR B B R S BOR IR Y o 8 R T

(a) 7K YE-FLAL I B3

(b) S-S i
B 5 AR % B A

Fig.5 Fatigue damage microstructure of materials
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FA TR A RHE I ) A T B985 1 B Bk iz g 7%
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IR A 14 8 55 J7 T 00 U o (39 R T 5 R
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() BARIEE ZLAL 75 7% F AR TR A R 0 57
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Study of fatigue characteristics of cold recycled mixture
of vertical vibration molding

JIANG Yingjun™', LIN Hongwei’, HAN Zhanchuang’, CHEN Zhejiang’, HU Yonglin'
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Abstract: In order to study the fatigue characteristics of the emulsified asphalt cold recycled mixture,
the cylindrical test piece was formed by the vertical vibration method which was more in line with the
compaction conditions of the mixture. The effects of reclaimed asphalt pavement material (RAP)
content, forming method and water immersion environment on the fatigue characteristics of cold
recycled mixture were studied. The fatigue equation of cold recycled mixture was established by
Weibull distribution, and the fatigue anti-cracking mechanism of cold recycle was revealed by scanning
electron microscopy. The results show that the new aggregate content has a significant effect on the
fatigue performance of the cold recycled mixture. The fatigue performance shows a parabolic trend
with the increase of the new aggregate content. When the new aggregate content is 20% , the fatigue
performance is optimal. The cold recycled mixtures designed by vertical vibration method have better
fatigue resistance and stress sensitivity than the Marshall method under stress. Compared with the un-
immersed test piece, the fatigue life of the immersed test piece under different stress levels decreases, and is
more sensitive to stress changes; cement-emulsified asphalt cement interpenetrates and cements, and the
aggregates are tightly bonded to form a denser network structure, which effectively improves the

interface deformation coordination of the cement and aggregate, and delays the development of cracks.

Key words: cold recycled mixture; fatigue characteristics; vertical vibration method; RAP content



