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Abstract

The application of warm mixing asphalt technology conforms to the development strategy of energy
saving and carbon reduction, and it has been gradually applied in asphalt pavement. In order to quan-
titatively evaluate the warm mixing effect of warm mixing asphalt additive, this paper used 70* asphalt
and SBS modified asphalt as the base asphalt, added chemical additive Alube (content 0.7%) and or-
ganic additives ACMP (content 7%), prepared warm mixing asphalt and its AC-13 asphalt mixture, and
tested the technical performance of warm mixing asphalt. The mixing flow characteristics of asphalt
mixture at different temperatures were studied experimentally by using the self-developed variable
speed mixing test device of asphalt mixture. The mixing flow model of asphalt mixture was proposed
theoretically. Based on the equal-viscosity temperature difference of the mixture, the warm mixing ef-
fect of warm mixing asphalt was evaluated. The results show that: (1) Mixing flowability of asphalt mix-
ture follows Bingham rheological model. Two flow parameters, mixing plastic limit and mixing viscos-
ity, are introduced from rheological theory in the variable speed mixing test. By analyzing the viscosity-
temperature curve and equal-viscosity temperature difference of the mixture, the warm mixing per-
formance of warm mixing asphalt can be evaluated quantitatively. (2) ACMP increases the penetration
and durability of asphalt, and decreases the softening point and rotational viscosity, while Alube has
little effect on the technical properties of asphalt. (3) The warm mixing agent can improve the mixing
flow of asphalt mixture and reduce the mixing temperature of the mixture by 17°C~25°C, indicating that
the variable speed mixing test can effectively evaluate the warm mixing effect of the warm mixing mix-
ture, and it is worth recommending standardized application; (4) The addition of organic additive
weakened the pavement performance of similar asphalt mixture slightly, while the chemical additive
improved the pavement performance of asphalt mixture.
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1. 518

DT IR ASE — P ST AR, 5FRZEAPTER A EAELE, B IR AR R A
B AT LMK 20°C~30°C  [1] [2]. Wi ietHoAR N T80 TR, T aesme. (257 sh iRy, MK
TS T ORUF TR =S R A B L A /MRS, Wi IR oR R 525 i s a7t
NG BE SR, R T IRBER™= i SRR T N AR, — A 20k S B B3 21 1) 12 R

W IR MR, G R IR AR (RN AR B AR AN AR TFBL, H BT ERIRH X 5
PRI OR 2 A T I AR U5 iR HE )G A LR R 8R4 77 (organic additives) A2 T v 14 25 4
7l(surfactant GFK chemical additives) P Fi 2824, i (145 & — M9 5 i & 1) 5%~9%, J5 & 4 0.5%~0.9%,
155 B 5 9 AUBRR A B AT [3]-[7].

JUE B P AT IR PRI A T R AR R0 7 B S BE AR VF 22 R, (BB PR 1 T R
FKEARE? BANGEA — NSRRI 77k, BHERA —ANET 538w By n ik, Bk
B — /N2 E T 2005~2006 4 & A 148 T SR B0 AR AR FE[5]-[7], 2 — N LAWK 7%, BTk
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7 R R IE PR WU R R 2 7, FHEH SR B AR F[L], BUA TR K2R T
B i 2eik . AR SR AN AR 2R E EAP IR A RCR[7]-[14], AEAE SR AR R rh i H R R B
g, HOATSEEA BRI RO S, D BT R R X R L

W RARHE MR R BT, s Ee b, BRI A AT N RO T U R, HL
HA IR EHURIE[15] [16]. BRI, XS REGEHRERRANE T, o EAR G AR . A F A
HRFEATI, BUER A ASE P AIRGR[17]-[19], FEAEERBOR, PEAIHIAR B A DR . Sl HE AT AR
GrAT, EENCHERIASKRR, BSOS HO AR AR, BETR IR SRR PR RE . AV LRERI IR A
FRIE AU 5 PO 8 1T (W) e BT TR 5 R A ARG B, SR T A SR P 7 U L P AR B R PR AN L
THRAHERR TIREGRHPERIEL, AT SEELERE . Rk, AR A A REE A TR AS A B R
IR SRR SRS E, T L RE S R ad F 2R PSR AN WL R R S Al F i P[]

WICHTFUM A B TR B R S RS P AR R B, SR A A S R 1030 7 TR P 7R (R i 2R
Alube MIGHLEERISE ACMP), #i% 1 iRFELTE L HIREG R AC-13, TP 75 IR &R A HE A 30 i
Teo MRAEIRIREE R, 70T “HEMTYAR - AR FAR K, @ E RGP, S
IREFEMBEN MRS E &)a, ETHMBEZRSERREZDN, NES EeE s RETERS
BHEAM AR AR PEECR,  DUIEB X MR I P 575 AR 234 2RI YA B T AT %

2. RIEFH

RIGHT 7T LA 705 5 A SBS e M5 AR T, KRR B A R G Alube A1
HHLFEZZE ACMP BRI F IR RER, #1417 WURIE R, SHEFEE A A K e ER ARG R T T
AR, X AC-13 BUHF IR A RHEAT T A kit
2.1. iIFBREHS

e AR TR S M E RS RRRIG ALY (TG E20-2011) [20], AR T FEAtin & MIH AR MERE, 45
B D)RETTE VI 90 b TR AR MG [21] K

Table 1. Test values of technical index for bitumen 70* and SBS bitumen
= 1. 70*ELBGHE RN SBS i E B AR R FRSTNE

I FE AR TO*EE R SBS Wi H I SARFS
BF\J¥(25°C, 100 g, 5'5) /0.1 mm 76.4 76.1 T 0604-2011
EJ¥(5°C, 5 cm/min)/cm 46 39 T 0605-2011
Ak EIC 47 84 T 0606-2011

R (15°C)/(g-cm™3) 1.023 1.021 T 0603-2011

W RFER Alube Al ACMP HUFEAHCRMR WA 2. PRSP RNIRFE SRy R VS IR A
7 Alube BEWS AR T FIFRIIGK 1, RTHHERNEIERE 1, BSOS S MMM R, #RIHIH
AR AT RE 1. FEIR AR A KA O S 1 R b BRI 5 SRR SR Tl A, PRARIR SRR
ENEGE, EFHERA RN H . RIEETESRRFEFIR S EE D, —BIEHIfERERER 1%UN.

AHUBERE IR P ACMP 5 — € AU VRIS PR, REWS TR Op A T B 2R e PR 484y, TR0 75
TR BB B, REWSAEGRIE I AR A R VEBEAN 2 W R AT 32 1, SEOUR SRR AE. 75
MM SHIER R, RERSAEIR SRR S A A AL R rh A R S5 UBE, A ACMP Tl HRI 75 1R &R h A
MR A A A, TERGR 7 TR, ORI FEAR T R S R 9, AR B2 e B T R R Bk RE 0, RAEI
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Table 2. Technical index of warm mix additives

2. IMERHFINEARRA MR

R 25°C# % (g/cm3) i Pass Jl4E (mg/g) A Ji5] 25 5 (%)
Alube 1.05 0.7 (25°CHT) 500 b3 RGN (TN >99
ACMP 0.94~1.04 2.6 (45°CHT) / AR A /

2.2, m¥HE

TRPEII T ] 2R I BERRIR 5%, TR B 2 iR 7 5 75 15 L, Alube #2804 0.7%, ACMP
BN 1%, PR RS I 120°C~130°C, AR5 AT BT MERAR IR AR B, Kol
HHUMARIE h, SR T VIR E 1500 #2208k, BIUIHERE 15 min, #I&AGERHEE. AT
BRI R LR SR, XS AR A S IR S (L 3).

Table 3. ID label of different bitumen samples
= 3. PRIEHMIMEH BT AENRHS

e ke Sl TR RIS 2% e TR
7 / 0 70*
0% Alube RIS ER 0.7 70-A
ACMP AHLFEREE 7 70-P
&’ / 0 SBS
SBS #iH Alube RIS ER 0.7 SBS-A
ACMP AHLFEREE 7 SBS-P

PR AR TRETE M IR A RRR I ALY (JTG E20-2011) [20], WA 7 AR REE(E 3) 4t
B SRS BAL SR e A, WRIGgE R ILAE 4. WRIGgE R, BB 707550 5 1 SBS
ST RS, A VLRSI A B N B K T BRI N AL L KRk T A AR
FEE s TSR T 1 R 7 B Al 75 AR AR RS2 AR AN, e KA B /N T 3%.

Table 4. Technical index of different bitumen samples

4. FRIFTREFRIRARIERR

iN=Rrv e 70* 70-A 70-P SBS SBS-A SBS-P

£ NFE0.1 mm 76.4 76.2 132 76.1 76.3 133.2
15°CHEfE/em 46 47 65 39 40 70
BAkSIC 47 455 39 84 82.5 77

135°CHii [RFi & /Pa-s 0.417 0.414 0.278 1.282 1.265 0.840

2.3. EREHERER
IR AR I E A ERNE &4, R FER MBI s RG2S, AXK
AHER N 0~5 mm FIFLEIRY . 5~10 mm FIZERE A AT 10~15 mm A =84, 7 58ERE T 5 —1it
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W HAREELHITR . %M (AR TSN ML) (JTGE42-2004) [22], AHARMFIR 7 HIAH KA
BFRHEATIRIGAI, BT RS SR R A i TR TS [20) A SR R

FIH B =R45ERR Ky, 37T AC-13 AUEARHEIEC BT, RA SBEURRE, #ie 705 f
SBS BT IRA B B EE WA HL 2 B 4.9%H01 5.1%. AR, 5 i 700 6 DU A 75 TR A R B RV 7
P& 5 E B N Sk R AR e R

3. TiRFMIAIE

RAED T BRI PR 7 B TR 55 B AR IR S5V [5]-[7]. XA IEA NG5 E B 81,
IR, TIEREER, WHVPN TSR, BHEER A S EATERA R, #h
IR VS b BB IR S, i, WSO SR B R T R AR R
BE, (EAFRERE A F AR T AR SR SRR TR . R AR A, A FYL
TR EHIFERIR S S B (PR L FERBIR), 33— D Wr b RR SR, I f 280 8 5 I LR F1 71 1)
PR FERIBE RN, BT AR B R TR >, TR BRI Sl R T, 7 T AR B

AR PE AL B DME R D BURPER &N T &, 3T TRORSCE, R B RHRTI%M 380V =41
SR, s T AR RS DR R A RBIE A R G, AR AR B HAR S ik
RANEARPERVE WSCHR[17] [23], T FH 2R 20 A0 75 TR A R R 2 M AR R0 75 (iR 1 R

AR PRI TR A, AR e R R SRR R, SRR AR, SR
AR RE . IR AR R0 E R AR SRR E . RS R . A
TRAC DL R PRI (B] 45 o VR AR B (I B R8T B A N IR FE — 2 DA b, AT DA — SR AR 1
i, 2RI KDL 12 kg HE . PEANRE IR LR G2 8 T A SBS etk T 1A i
JEF o AN 2R AE VA% (R0 2 T R 5 Y L P (15~60 r-min D) EE R0 E o BE RIS E] 45 D BOR BE AR LG R
[20]¥05E B 3 min 24l . BARIRIS T7 20156 5 Fiom .

Table 5. Execute program for variable speed mixing test
F 5 TRAMKKOAIHSG R

g3l SRR

et AC-13, FiIREHER

RS RIS 70*, 70-A, 70-P, SBS, SBS-A, SBS-P

WA 7047 4.9%. SBS i 5.1%
TRARHT & 12 kg
FEFIR B C 140, 150, 160, 170, 180
FEAE R /r-min? 20, 30, 40, 50

4. HFRRRFE
WIGHE FAE A AFE AR N (& 5), MPRER/SMBEIREGEI(E 3), #ET 1AL,
DT AN [RIRERIE Z000 B FE AT L DY 2, RIG45 R LK 1~5, X TAEBURE 7 M ARy “ FEATh 3 - $EF0
AR, RUAHFIRA B AR AL E[17]-[19]. tHIE 1~5 AT PR, R4S IR E T, AR5
A 2 WA IRGF LR R NI, IERGEREAREI T RN — %A A bR . BAIE
BEEMIERIRPEL, 12H:
P=F+A-V )
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X P——FRITRW); V —— A (/min); F —HLREIE(W); A ——HZREE(60 ).

FEFAS S, JEEACETYIN ) (¢ )BT I RS R (5 )AL FR 1] 58 SONIRAL IRI[16]. FE PR X F, BY
DIRAR e 5P AR 2R . B YN ) 5 R 2 BTl i sh s e s iy, o BEVEA R C. X
F—k, AXQ)FHFRIREN R 2R E T BNF BRI . AT ik g R, WHRE
TP RO AR 1 R 2 P B S 1) S DU AR AR Y, AT R AR IR FRIFE RN E A PN B S HOR A .
PEANFERE(A )RR EE(T )RR 3, IR, FEANR R
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Figure 1. Mixing rheograph of different mixtures at 140°C
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Figure 2. Mixing rheograph of different mixtures at 150°C
E 2. FEIHERER 150 CRE# MR ETE
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Figure 3. Mixing rheograph of different mixtures at 160°C
E 3. REIHERER 160 CHREHAREE

300 -
" —— 704
& ---- 70-A
250 X e 70-P
e —SBS
---- SBS-A

0 1 1 1 1 1 1 1 1 1 1

0 5 10 15 20 25 30 35 40 45 50
BEAER (r-min)

Figure 4. Mixing rheograph of different mixtures at 170°C
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Figure 5. Mixing rheograph of different mixtures at 180°C
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5. BRI

BT 1~5 Fros B a5 R (AR AL D), FTRUREE: (1) MR, SBS iH k& kHI i s)
BLERPRFENFL) SR ANT 709 HRER, fAFaEIOARL (2) RANE IR GRS H L RR
FEE) RN TFO MR AR (3) FEANREE M, I RS RS EARRER VN, JRRIREAR,
FERN, B TR, MG AR o TR — e AR, AR BA TR 2 AR 2 10 7 AR bl i 2 14 9]
AT LE R AR (1 1-5), RG XTI G EHEAFHRE T MBI (L RREE), 2fliR SRR
BRG], FRRYESFRIEZ TS, MBS L B0 il iR .

Ik, % 1~5 BB g BT LR A5 B, BAIRIF R MEARSCIE(R® > 0.99 ). [EA 45 A3 5]
HLREE, TRV EIRARHNPERRE, SR ILE 6. FIRME % 6 s, SRS RIMEE LR, WIE
6. HI1E 6 AL e FEEXEALFR b, BEEFANRER TG, RS EHFEARE R R 2k AH
[FIPERRG LI, PRI VR A R A AR B ORIE PR AR R FE IS, TR0 75 T S A S AN R0 ] S 0k
/N,

Table 6. Mixing viscosity of each bituminous mixtures at different mixing temperatures (60 J-r 1)
6. BT RERERNEIRE THRIRFE(60Jr?)

\ PR R
RS TES]
140°C 150°C 160°C 170°C 180°C
70# 5.25 4.71 4.38 4.01 3.78
70-A 4.38 4,12 3.83 3.57 3.33
70-P 4.40 3.96 3.73 3.52 3.29
SBS 7.11 6.11 5.58 4.85 4.20
SBS-A 5.35 4.86 4.58 4.13 3.69
SBS-P 5.31 493 4.32 3.98 3.66

T T T T T
140 150 Tw 160 170 180
FEAUREE (C)
Figure 6. Mixing viscosity-temperature curve of different bituminous mixtures
E 6. TRIHER&RHMNFIRLZLE

130
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XTI 6 BT B i i 2R3 AT 2 0 504 M [R1 5 (FH ¢ R EPE 0.98 LLE), B e 45 2090 5 1R Ak iR ith 28
FpA eSS v (I
lgi=a-b-T @)

At A RNPEIRASRFEAZREE, 847 60J-rt; T NFEAERE, BA°C; a, b ARIESH.

XFE, R TAFEFNRFE A RS L, 48 AH E R FERIREBE( A, )BT, W AL e 45 A e 1 Bl
HZ% a fl b, ABAMFERRFER SR FEANRE 2 AT BRI @)t HA R, XANREZE AT BENERE
TGS FIRFERC R . BERAT NERIREZE.

1 1
AT =T, -T, :b—(ah —Ig/ie)—b—(aW -lg,) 3

h W
X Fhs h BRBFHRARL e w RoRBHREAR: HEfFSRERE.
LI 7 8% TH e T 452 ARG [21] FIHEFAAE 0, S HGE @75 AL FEVa 8 0.17 £0.02 Pa-s i}, 7EI4] 6
RO R RVR A R RE R FE VG B D 151°C~155°C,  Ibi #EANEE EETE [y 4.67~4.83 (P47 60 J-rt). BALLHEFN
B0 R PR L BRAEAVE IR A RSP BE B (A ), TSI R AR B RERIEE, S5 Rk 7,

Table 7. Mixing temperatures of different mixtures by variable speed mixing test
7. DERFRIERER SRHMNEE

e R PR FEVG L C PR PR/ C
70* 151~155 153
70-A 129~133 131
70-P 126~130 128
SBS 168~171 169
SBS-A 150~154 152
SBS-P 148~152 150

B 7 BOE T DU H - (1) SRR, oot i VR A R HE AR s TR 7 R & k4 10°C~20°C,
FFE R R, R R VPN T VE A s (2) IIIREERG, 70%5 75 IR ARk B4 R 2
FEARZ) 22°C~25°C, SBS Wi HRA R IFEANR B R 17°C~19°C, KM FEIRFEFBER, MERE
(PR AR BT — 2 (3) FEARIGHE AL IR LIS 2T, A LRSS 177 0 iR e SO Zng 1 T
RIMEMESIRFERL) 2°C~3°C, M58, B EEFFNBE UM [18].

FHUE AT L, S AR R RIS AR AR 22 S, MR VR AR PR B, B TR AR R i 2R
NIRRT, B TR AR RERR R, B Rehs E B R R R, &
B AR TR P A S0 8 B VPN T IR ORI AT YA S I, (AR HERE R .

6. AN AR

FiAh, FEHRPIE IR A RIS AAR[20], 1 SO TSR IR T 5 R ARk I iR R e L (IR TR A
KEEENE, R30 TR SR AR B PERE, RGN 8. H3k 8 Fral vl LA : (1) &I
SR T TR A R B P B AR M AR 6 R U R T e T ARG [21] 1R (2) RIS M IS LA
Alube i I 75 VAR B% FH L e G BTG A4 T, A HLRE R 2R IERE ) ACMP I IS 554k, (2 H 2
FEX T IR SR A RN 5, FEA R TARH A A H B K [24]-[26]
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Table 8. Experimental results of pavement performance for warm 70 asphalt mixtures
= 8. m¥ TP E BRI ER AR AR AR AR M RENIHEER

o B R R T BT BfasE ORSRERE (RSN REREE  Emmpri

WHERGE

MS/KN DS/¥/mm Ry /MPa &g/ e MS, /% TSR/%
70* 125 1595 5.82 2587 875 81.0
70-A 132 2695 7.75 3140 905 85.0
70-P 8.7 1435 6.09 2499 86.8 80.4
SBS 138 4577 7.89 3590 93.2 86.2
SBS-A 14.1 4662 9.21 3932 94.6 88.2
SBS-P 10.2 4126 7.22 3860 87.8 82.6
7. #E

(1) AR AAI LR FaRoR T IE IR G RN R, AR SO AR s it o iR Ak
HIRNIR 2 AR REE 22, RENE E VPR FEI I IR FERCR, RN J7 i AR HERE BN

(2) PIRPSETL B T AR FE R X AR T BOR PERE RN AR, A LR RS SR IR P 1S 0 75 I B AL
JEFZERG R, B A KRB LS, TR PRI P B EA BRI I BOR TR RE -

(3) AVLEERRIEH IS BN TOME AN IS PSR HERI A5 8N 0.7%0, — 3 BAT KBUH [ AR
PR, FRIRPEANILZZ) 17°C~25°C; IR ZE T 7 HnS SBS % A AP IR FERCR -

(4) fERABORIERETT T, IR IR AR A RE L VG ZOR DR T R E Rk APLRERRIR
PRSI L T BRI RS, RIS MR ISIR PR WA — e R 2 SR T .

(6) T HEIMEAASE ARG TTE, A TR HE N .
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