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Abstract: Aiming at the lack of evaluation of initial strength of emulsified asphalt cold recycling mixture in
Chinese specification, by selecting abrasion test as the evaluation method, the key test parameters, including
the compaction method, curing temperature, curing relative humidity and curing time, are determined by
comparative test. The influences of different emulsifier types, emulsifier dosages, emulsified asphalt dosages,
cement dosages and mineral gradations on the early anti-abrasion performance of emulsified asphalt cold
recycled mixture are analyzed, and put forward the corresponding technical requirement. The variance

analysis is used to analyze the significance of different influence factors. The result shows that (1) the
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proposed abrasion test is simple and reliable, and can be used to evaluate the early anti-abrasion performance
of emulsified asphalt cold recycling mixture; (2) Marshall compaction method or rotary compaction method
can be used as the compaction method of the abrasion test specimens, and the Marshall multi compaction
method (75 times for both sides) is recommended to be the standard compaction method; (3) the curing
condition has great influence on the abrasion loss of the cold recycled mixture, the abrasion loss decreases as
the temperature or curing time increases, while the abrasion loss increases as the relative humidity increases;
(4) combining with national condition, it is determined that the standard curing temperature of the abrasion
test is 25 °C, the curing relative humidity is 70% and the curing time is 4 h; (5) the abrasion loss of no
more than 3.5% can be used as the control indicator and the basis for optimize the mix design; (6) the
influencing factors of the early anti-abrasion performance of emulsified asphalt cold recycling mixture are as
follows: cement dosage > emulsifier type > mineral gradation > emulsified asphalt dosage > emulsifier dosage,
and the influences of cement dosage, emulsifier type and mineral gradation on the initial strength of the
mixture are significant.

Key words: road engineering; technical requirement; abrasion test; emulsified asphalt cold recycling

mixture ; initial strength
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Tab.1 Gradation of emulsified asphalt cold recycled mixture
Jo b3 T /% A BRI % KB %
G FL R ~F/mm RAP e
<2.36 2.36 4.75 9.5 13.2 ljﬁ—)iro vh A b ¢ . i
37.5 100. 0 100 100 100 100 100 100 100 100 100 100 100
26.5 100 100 100 100 99.3 100 100 99.8 99.9 99.9 100 80
13.2 100 100 100 97.9 4.9 7.8 100 68.5 72.3 78.0 80 60
4.75 100 99.0 1.5 0.2 0.9 0.2 100 36.4 43.3 49.2 60 25
2.36 99.5 2.7 0.3 0.0 0.0 0.0 100 24.3 28.3 31.4 45 15
0.3 21.0 0.0 0.0 0.0 0.0 0.0 98.3 5.8 6.6 8.8 20 3
0.075 11.8 0.0 0.0 0.0 0.0 0.0 90.2 3.6 4.1 6.0 7 1
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AL WS, S, W, LS, KZ %Ki, HEZEH AR
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Tab.2 Main technical indexes of emulsified asphalt

EiztoN WS S W IS KZ @ HWEEsk

WALE R g R R R PR BREPR
fi4y (L 18 mm #)/% 0.01 0.01 0.02 0.01 0.01 <0.1
25 CRMFFE/ (Pa-s) 47 85 68 32 57 2~30
s REMAMER/% 657 628 6.1 643 639 =6
B 25 CEPAE/(0.1mm) 82 70 84 69 8  50~300
) 15 CHEE/em >100 47 69 55 82 =40
1.2 RBARET

BT i (A BB FEA, SCHESEHA BB FE K
PEFEE AT, HEARSH Z% ASTM D7196—
06 H"Jgj‘r{o
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Fig. 1 Abrasion instrument
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Tab.3 Test result using different modeling methods (unit: %) Tab.5 Test result in different curing relative humidities (unit: % )

5 FRFEATEEEGTHRBER (86:%)

AT BB R brifEzz
PR i 3.1 0.42
e HEsE 3.5 0.37

0 5 B B R o S 1 BT s Sk R U 2
SERPBAEE, RS RECHY, diE 3R] I A I RE B Ok
FICHI 22 5. [ ASTM D7196—06 4fi 77 R Fil e
R I SEASOR TAR A, 2% 08 BICOR ol S8 A3 3 1 A 3K
W, PR SRR Y R o 503 OB 4% i 52 75
W) A EAE AR AU B 5 K

3 FEFURITE

Frr 2t FULAG W 7 ¥ T AR TR A 14 00 100 0
FEXFHE [ ASTM D7196—06 Ff: A 1 W 4 HL
S, PITBRE] T HR o AS R 5085 20 7 3% A IR
FHENRRE . A X 3 AN e E X AR S
BIHUBEFEMERE RO SE M, LU E & S 3R A . iRt
BT 2 SR R TR B R S0 3, GRIEETL R A,
IKIRFHE] 1.5% , FLALWIH gL WS 64, 7L
Wi AR 3. 5% , fetERKE R 4.1% .
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Tab.4 Test result at different curing temperatures

FRAE/C FEFERIR/ % PREZE/ %
15 4.6 0.46
25 3.1 0.42
35 1.8 0.31

M4 Al SRR LAY P AR TR A R
EFEAVICE R, BERL BT, FEFERS )N,
WA P v iR B T 6 5 L AR 0 7 v AR TR A R 400 40
SR M TR R AR A T BT, il I R
1A, ARICIE B R A ) i R o A s SR
ASTM D7196—06 #EFFIR N 18 ~24 °C, F[EF [
BT RS PHAR M R 2 = iR R IR 44
25 °C, Mk, WEEFELR I RAMEE N 25 C
3.2 FAMEMNEENHE

A FH X R X 1 B 4 56 AR B K U AR AR S
MIREAT, ASTRIRH X 98 B 25 PR T v A TR 4 R 1
FEMR AR 5o FRAEMRES — 25 C, FRAMT A
4 h,

FrAE AR JEREIR PRifEZE
40 0.4 0.17
60 2.3 0.29
70 3.1 0.42
80 4.9 0.46

HIZ2 5 AT, BEE AERHR RE 3, FLAk
R IR S B FE R B R, X EE RN
FIEAEE T, S TR AR AR TR OK 2 K
S IR RNSR I TE B A X R 40% B, B
FEBIRAL 0. 4% , BUEL /)N, ATRETCIEA BUIX I3 AT
ALY T Ve B IR SR DB FETERE, [R]IAH
YRR/, 22K KA RN A T o

2 6 Z2% 7 FRIE b 1] R 0 2348 T R RE X I R
T

F6 HKEHSETHEINEE (unit: %)
Tab.6 Relative humidities of some regions in China (unit: %)
AR YRR B A 6—9 J V- H AN B
2014 4 2015 4F 2016 4= 2014 4 2015 4= 2016 4F
Jtmdi 45.3 49.4 48.8 55.4 56.9 56.7
PANIIES) 70.6 74.8 75.7 78. 6 78.4 76

HIX

wiLE 63.3 65.3 66.9 73.1 72.0 72.8
I /RE 73.3 75.9 76.3 79.1 78.9 78.5
FHEE 631 66. 4 66.9 71.6 71.6 71.0

HIZZ6 I, 33 4k, X4 e
&9 65.5% , 6—9 AVIIMMME N 71.4% o 455
At DXAARR NS B0, A B v 75 A= I 1 A9t T30
FAXS IR BE 70% BEHBOK T A s P e £ 24 i . Pt
U FEFEIIR TR A FHRHRE N 70%

3.3 FrAEREHMHE

BOESRAMRIE D 25 C, SRR IEZ N 70%
ANFIFRAE I E] 25 T BB AESUR IR 7

KT TRFEMBERGETHXEER

Tab.7 Test result using different curing time

AR E)/h BRFEI L/ % FrifEZ/ %
2 5.3 0. 46
4 3.1 0.42
6 1.7 0.26

M1 7 v, FRART RS AL E R RS
BHEFEBUR A B, FEFRAER AT, ¥
AR A RHEEFERUR B W08/, 2 WIS B2 S 1
TN FEE PN UL I 2 T AR AR T
SR, FRAENRAEERK, 454 36E ASTM D7196—
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Tab.8 Test result using different emulsifier types (unit: % )

FUFR RS T A FEIR A E R 2. 9%
4.3 IHHERE

AR T AT I T R B ER G
BHYBEAEIR L2 10, FUALTIE WS, FLALHRIR &
HN2.4% , RHIET Ny A, KIEMEN1.5%, HKik
EKEN 4 1%,
F®10 AEFEMFERAELHTHREER ($£4:%)
Tab. 10 Test result using different emulsified asphalt dosages

(unit: % )
FLALWIH Al FEFESIR b2
3.0 3.6 0. 56
3.5 3.1 0.42
4.0 2.5 0.33

B 10 AT, FLALWG & X0 v fRAE TR G kS
FEHIRA I, $8m FLAE I F v DR & g
FEPERE. 3 FhELIL Il RS TR H R FAE R
BB AFER S W P34 R 3. 1%

4.4 IKiRFIE
ANFEK e ) 25 FLAL W 5 ¥ FAE TR 5 R

FMARE  FULRAR ERERLR PR BERESSL LSS 11, FLALHIGE A WS, FLALA 3] &
WS 2.4 31 0.42 2.4% , KR A, FALWFHEN3.5%, &
S 2.4 3.4 0. 46 FEEKRER R4 1%,
w 3.0 3.8 0.35 F11 FRKEFEFHTHREER (B %)
LS 2.2 6.4 1.79 Tab. 11 Test result using different cement dosages (unit: % )
KZ 3.2 2.8 0.96 K5 FEFESIR b2
H1¢ 8 n A, AS[FEZFLA RIS FLAL I 7 v AR TR 0-8 8.5 0.83
FORHEFEUA M, o LS FLALHR i B FE4 K i 1.3 3.1 0.42
2.3 2.0 0. 67

K, BB R T H AL
RIGFEIEH 3.3% .
4.2 FUFFE

FULRI R B R I A RITERE. L,
ABEFE AT 1 LA & X LA U v T A TR SR
JEFERUR AN, W9, HIIA N A, FLALH
WS, F AR R 3.5%, KEFEN1.5%,
RESKARN 4. 1% .

R ARAMAFERFHTHIREER (B %)

i 4 P L AL5R) JE AE 5

m R 11 g, sKEFIE X AR ARG
RHEFERS A, AKRH AL, & SR FE
TR AR5 B2 T B
4.5 FRRE

AR T AL % AR A& R Y BB FE
e WL 12, FLAL R E WS, FLAk 5 &
2.4% , AAWIEREN3.5% , KEHERN1.5%,

K12 FRATHRAEEGTHRRER (Bf:%)

Tab.9 Test result using different emulsifier dosages (unit: %) Tab.12 Test result using different aggregate gradations (unit: %)

FLALF JEFESR PrRiEZE eS| KR JEREIR bR
1.4 2.4 0.57 A 4.1 3.1 0.42
2.4 3.1 0.42 B 4.3 2.3 0.78
3.4 3.3 0.59 C 4.3 2.4 0.39

HIZR 9 AT AL, AN [R) LA R 50 5 36 LA 0 75 4% FF
AR BB ARSI A R, HEFAKR, 3 Ml

M1 12 A, AFRGBCA T T FAR I e AR
RAFUEFEBURATEZE S, RBCBORLIT, JEFERIR
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T3.0% , PSR bR e sl R 2 XHE AR E
ARG . RIS 4.4 TR, RPEFIE N 1. 5%
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Besh, AR SAE T e R P22 B0,
R EFGAE AT T PR R TR AR5

5 TESMN

B35 TR FLARR R LR
R KRR AR X v A TR A R #E
PRI T 22 A i R b, SS s 22 % U5 A,
DOF 3 &, MS N¥9Jr 2%, F O F oA geit
i, POy FAEXTRIHESR, BEMKF I 0.05, 24
P <0.05 Ihf, FHHZP R EE5RA BEH

K13 AUFBERBERAMEBERREAFTESTER
Tab.13 ANOVA result of abrasion loss of emulsified asphalt

cold recycled mixture

e Y] SS DOF MS F P
ERIZL RS 16. 382 4 4.096  4.411 0.015
2 b33 0.872 2 0.436  1.547 0.264
AW 2.422 2 1.211 1.948 0.198

2
2

IR T 102. 962 51.481 117.970 3.490 x 107
BB TC 2.66 1.33 4.290 0. 049

135 13 Jd o b SS ml o, FLAL I e PR TR
BRI FEAR IS 1 52 R R AR U /K 57 4t > L AR )
PP > BORHREC > FLAL T i > FLATG =, K
JeXtFLAL T v PR AR TR AR I SR BE R R
SR FULUIE R HAEIR G RE AR S, K
JERURLAE R R I 1) N B FLAR I 7 22 B, — e RS A
AR VLRI IRAC TR, 2k T 52 0 5 B2 (98 18, fELK 9
SR FLAL I AL, B0 0 R O
e 8827 90 75 R K AR 2 T I A 2 #4030
SR EHE— IR

Hi PR AT, K985 FLALHR A A
XS AR R A . N, 7RSI
ARG RHEC G L BTNy, X T S 5l B N S
KPR  FUALRI R AR ACX 3 MR

6 %Hig

(1) et TE A TRENFDE R HAERS
FHTIPUEAETERE PN 7 ik, DA 1 B AR I Y 56
A SOk RS R 2R, R Al

(2) R T FUA T AR A R0 T AR
PERE A PR 45 AR MR 2R, DUBEFER R AR T
3. 5% VEomtdildats, AR AR & RHIC & HBeit
ORI RS

(3) FUILM T & FHEIR SR AR 025 1 52
Wi PR AU R K e 3R > FLAR TR A > 07k >
U I > FUAGE, ok g &, 2Lk
TR 5 O R TR 3 00 ST 5 B8 R i) M 5

S 3k
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