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Abstract

In order to study the influence of different use methods of warm-mixed additive L on the perfor-
mance of asphalt mixture, the tests of compaction characteristics, high temperature, water stabil-
ity and low temperature properties to each mix were carried out, the results showed that: The
forming temperature of 1#WMA and 2#WMA can be reduced by 25°C and 40°C, the compaction
characteristics are the same as those of HMA, in the meantime, the dynamic stability increased by
19.3% and 13.1%; There was no significant difference in the residual stability of Marshall in the
three mixtures, however, the TSR of 2#WMA is significantly lower and close to the lower limit of
the specification, It is suggested that TSR be used as the index of water stability evaluation to en-
sure safety; Based on 0#HMA, the flexural strength of 1#WMA and 2#WMA decreases by 9.9% and
29.9%, the bending strain decreased by 5.5% and 26.2%. The road performance of 2#WMA is sen-
sitive to low temperature, The reason may be the possible residual moisture in the mixture will
frost at low temperatures; It is suggested that 2# method of warm-mixed additive L should be used
at high temperature in summer and 1# method at low temperature in winter.
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I T IR A EHWMA) 2 BRI A T A B () < 18], PR REHEIE AP 75 TR & BHHMA)
WIRLER T RN RR[L] [2], 54000 HMA BORAELE, WMA — fBilad SRE e I 75 o 48 n & F iR HE R )
TR, FRIERE, XRERAEHEBIRRE THA M H K, — SRt TR ERER 30C AL,
AT BEIEITEAE AR SR IR IEREORIE S HMA AL it T A0 5 ORI & & i s P ke, 2 —
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WMA AR )2 S AT 38 T 4700 O bRag A Fie 5 00 7Tk P e e 53 A6 77 925 T DAk 381 5 v 1 Pl
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Table 1. Test results of SBS modified asphalt
= 1. SBS MMt BHIMEER

75 K35 5 (S4r) B bz R 25

1 £\ 25°C, 1009, 55(0.1 mm) 40~60 53

2 Bk S(R&B) (C) +60 70.0

3 5C#EE, 5cm/min (cm) €20 41

4 135°CIE5I%E (Pa-s) *3 1.9

5 HYEW . 25°C (%) £75 90
A 45 2 (%) $+1.0 -0.050

6 TR I Pialae: B NFEH (%) +65 75
5°C %EJ% (cm) +15 16

B WHE AR L2 — A T A P FIERTE AR TR AR GRS R, BARSRFR WA 2.

Table 2. Main physical indexes of warm-mixed additive L
2. BEF L EEYIRIEER

A % % (g/cm3) PH

PRAEEN 0.98 8.2

2.2. BERIT
ASCH) H FRIE A BER N AC-13, S Superpave itk , ZREC 4R WL IE 1, 58 SR A EE o 4.8%,
TR AR T g bR 2 MYEE R .
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Figure 1. AC-13 grading curve
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1. EAREE

FRAE IR FEF L I BE 1, A SC 4 AR 1 20 . 0.1%35 1 7120 . 0.1% E PEFR + 1.5% 7K 2H 3L =40 AC-13
DI RA RN B, R efs Sk A i vkl 2l 1, 3647 5 S0R58 DL A FE H 7 v T i EE

) L KR Ak 1 B K S
ZHHIRE Ry 44 Kl & R an R 3.

Table 3. AC-13 asphalt mixture preparation process
= 3. AC-I3 TR ARG &TIE

RE R BT Oy i il 7

0#HMA 0#: FE4l PEAIRIE 175°C, HAEET 170°CHUH R %
1HWMA 1#: 0.1%7FH 7 FAIRLE 150°C, HEJEE T 145 CHUH iR % H
2HWMA 2#: 0.1%3E1E71+1.5%7K FAIE 135°C, HAJEE T 130 CHUA MR % H

T MR KRB RS R 4

32 MHEAR

NIRRT IRFER L 5 AC-13 A B SR, SR IES: 58 100 Jont =i w5 R & RHgEAT ik 1
R, PR TLA RS @150 mm x H150 mm, ic st @i, TSN R e % B0 B 1 IS, 3R
WU S 2

TAREREES S DI T SO E R S s SR AR v S E R R, AT SRR 12K S EUR LR,
AT =R TR AR KRR e 22

K 3B B A [F) 4 ﬁ/z%F TP L5 R A RS ERR M RE R I, TERE BB IR E R
ERHEIE ALY 300 mm x 300 mm x 50 mm [ ZERGHEAT ZERUR LR .

P1#] 250 mm x 30 mm x 35 mm /NZERAE, SR MTS I AGEH TGRS k5, =41 SR
R R AR RIS AR R, AN RS 7 vk NIRRT L AR A R AR M e R

4. REER R
4.1. ELfE
% O#HMA. 1#WMA. 2#WMA ZEXT R[] 170°C . 145°C. 130°C AR T4 s iy, =4HRE

LS #h 2 an B 2 Fror
= IR AR T S i 2 AR R SETT IR A S RN A 402, IO R SEIRARER R B 15 ki A
M RGIRE

TEE SCIR FE A BIFEAG 25°C . 40°CHIZMET, 1#WMA. 28WMA {735 75 0O#HMA — 351 S,
VLA 5 MR L B B R RRE SR AR EH; 26WMA FIESSRE L 1lHWMA
K 15°C, #r R Al fEN: KON K TIHERESR R RIARSE, &3 78 KREEER, HK
s IR LA ROR B 52 B — 2B 9
4.2. EiRtEE

X =P HRA RN HE 24 h J53E4T 1 ok, g 3L 3.
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Figure 2. Compaction curves of three groups of mixtures
B2 ZHRARESTHLZ

RIS ZE L EoR, TR RMER 77k, IR L AU RS BRI SR & RO B ALR S, X RS
BHE R AR S IR A ST RCR, Horh LAWMA ZER I RESE 5 19.3%, 2#WMA ZERMERESE & 13.1%.

M4 Mohr-Coulomb HEifr, #EnREE N, Wi VRGBSR Ba R EHR A R0 2800 3R 1 4L
2HWMA 25 il E A0S 60°C ORI, (FIRA RN T HMUFRE MR, IRA B AT REAETE 1K
BEARR, ERIK MRS SR ERTINGRSS A, BAKIREER L SRS BRI T AL
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Figure 3. Results of rutting test for three groups of mixtures

Bl 3. ZRRARERIAINER

43. IKBREMY

IR AR T SR B E FE AR K B 8RB e BRI 45 R 4 s .

FRAE S JOR FeoE BERIR 45 S, WWMA KEREE S O#HMA LT R ZE R, 2#WMA FoE B FIR K FR 8
FE5: O#HMA H8A BT PRI, TREATRE B R 2%, TEH IR R ZMBO T, YONIRFER L AR
THERHR G RK R E YL Josm, AR A B 90 3R IR K S &R 58 LA Be HERf th R AR IR FE U R &
BHRIKER 14 [5] [6]
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Figure 4. Results of water stability of three groups of mixtures
Bl 4. ZRBRARKEBEMHRIELER

RETRPER L A FRAE 7 302 15 2 7 IR e R KRR E MR AL 0, IR R A BS et 2D At
7o WEEIRILE 4,

Table 4. Results of freeze-thaw split test of three groups of asphalt mixture

4. ZHHIHERARFRMBERIAWER

H R RE IR AT B R FE/MPa RRMIE A 5 % 2458 /% /MPa TSR/%
0#HMA 1.05 0.92 87.6
1H#WMA 0.98 0.85 87.4
2HWMA 0.90 0.74 82.7

RGP RIGZE B, THWMA 5 0#HMA ) TSR $EhrE2T, (HES 2408 BERE A PG, JRPEF L X
GRS A —E s 2#WMA ] TSR BEARREIE R RVEER, (H OB MyeE, HES R4 it
—BREK, HKARR R RE T U

IR 28WMA ZKARE PERE PR A R R A i an R e RS TR S BURRLAR BRI K J6 25 J i 28k
SE4r, FEAKDERAR T ERR A E B0, s SRR, (ERBIEH K0 N RIS
J, B AT AR AR K AR E TEREIK
4.4. {KiEMERE

FIH MTS RIELOT =PI R AREAT T-10C T ik, & 7 AR SRS RRE . KD
PN AR RN R, AR ILE 5.

IR AR R A A, RUNRFER L 0 AR SHR A RS B R A i B R
FEF 5 TR AR B PR, DL O#HMA NFEUE, 1#WMA. 2#WMA (1725 BB IR 58 B 9.9%. 29.9%;
LRI A THWMA. 2#WMA 53 UE (£ 5.5%. 26.2%.

BAR 20WMA TR AR BRI A2 LT HH A T FE X ZER, (HRIEPT R TR 9l 2E =, 7
FIAH, 28WMA 75 KM B R AL 5 1 R, B3 K T IR A R K 0 BR AR IR o 3% 38 7 7K I A7 7R 3K
D TCE SRR 78 R S T RS, TEIE S8 A R PRI B 25 BRI T RS 3, WO A RS i AR 5
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Figure 5. Low temperature bending test results of three groups of mixtures
E 5 =HRERHMERETHRIEER

45. ZATH

i = HPE R GRS DU I RER IR AR, B8R 757E, K T R4 R a5,
REDES 2GRS (IR E I8, 24WMA IS8 RARE T S3 /M AR & A BOR IR PR, HoR it
WA HBLZIL R, R 26WMA IR BEXHIGIR + 28U TR AR R /K M EARIR N R AR R B
R AT LAHERT, AR AT R VFIR AR R AR S UK, R AR BRI RE S 2408 HI D7 1%
MR KPR

bR pr I RE IR L R PARE F R SR T R 2405 AT AR B Z i e A A, A
FVE R PRSI0 B IR i R Sead 1, W) SEBLR & R B FI IR e 5 W LA 5 IR & R REA 2, 40°C /&
A P R R 2 7 AR R F IR PP s s I iR G T A0t T, e R8O K m it T P2 X
IAl .

5. &ig

1. IHWMA. 2#WMA 5 O#HMA JE S 2 73 0 B4 25°C I 40°C, FRSEHFES O#HMA o, iR
AL PR PR AR A FH 7 9285 mT B BRIV B Rk A B

2. IHWMA. 2#WMA [z FaE B 19.3%. 13.1%, JHEEF L iR & p st fe,

3. 0#HMA. I#WMA . 2#WMA 1] B &R 5% B Fa i B2 22 0 A K, {H 2#WMA (1) TSR B 24K T 0O#HMA.
THWMA AT RE TRR . 245N, @i LL TSR AR R & B KR E YA 8 br s

4. UL O#HMA NEEHE, IHWMA. 26WMA (125 R R 5 FE PRI 9.9%. 29.9%, %547 AR [£1IK 5.5%.
26.2%, 2#WMA 1K PERE B S PRI

5. 2#WMA ) FPEREOHMIGIR 70 BUE, VRGBT AT REFAR I /K 73 AEAGIR N R AR VR I s 32 1tk e
FARMI R, HEFREFER L 1) 28 L E i, 1 E AR RIR R .
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