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Abstract

In order to research the mixing viscosity and the workability of different mixtures, five different
bitumen such as 70# matrix bitumen, SBS modified bitumen, rubber bitumen and two Kinds of
warm bitumen were selected to prepare five asphalt mixtures in type of AC-13(C, and the Brook-
field viscosities were tested for each bitumen. Using an experimental device of mixing power
measurement at different velocities, the variable mixing velocity experiment was carried out for
the five different asphalt mixtures at different mixing temperatures (140°C - 180°C) and mixing
velocities (20 - 50 r'min-1). By analyzing the rheogram of mixing power and mixing velocity, the
mixing viscosity and the workability index of the mixtures were studied. The result shows that the
mixing rheological characteristic of mixture obeys the linear visco-plastic Bingham model; the
mixing viscosity of mixtures has a positive correlation with the bitumen viscosity; the mixing vis-
cosity influences greatly the workability of mixture, and at the same temperature, compared to
70#* matrix asphalt mixture, the SBS modified and rubber asphalt mixture present a madder wor-
kability, and the warm asphalt mixture is observably better; the workability indexes increase sig-
nificantly by increasing the mixing temperature.
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1. 51§

DT IRA RHE A 5 AR B SRR FR G B, T N TR TR . AR E IR AR E
PR R R R R A RN AC. SMA. OGFC 25)FIA | i 75 A 2 R A BH N E G 75« D
B BRNE BENES) . A CEXAFEGEMEEA R, EEUF MR LS, 2k
[1] [2] [B1WFFE ORI B0

W IR AR R AR B A N 5 P AR AR, FEARE R o 7 HFERIB AN Gy 1t BOREFI A X 5 2
JEE, R T VDU 5 0 25 30 7 B TR RV OB B . B RO TN B 1 R SRR AT AR A B AE K E MEE S B, TG
BAK) € AR PR ARG R PR 77 ARG AN R &P R 7 RE W& B i 7 1]-[6], FHHUS
T E TR

Marvillet S5[418 542 H I H IR & RHEFIA G MEFe b MES, a8 Bk 1 Bide v 72 4 8 4% 1 (22
r/min) FHUEEAE, CAHAEEVP RS RIS PE . Gudimettla [515:T #GED0 i R ARG FE R,
WS 7RG . ERE G601 & T I R G B AT 2 PR St 5 %, & ST MG PEFR BN R e 1 (30
r/min) ™ RS 12, Tao 1 Austerman £5[7] [8JE I HIAE, AT T AFERFEBESTE
REEHAM G AR R VRIS BAT R 7 AP DI RN B, B70 7 A RHEAE R T
FEFILBN R, DA AR AL g B Al ST FEANRN 5 T B SRR R BRI, (B I RSN R R
PERIA G P S . Hoe —SBHFAT[9] [10] [11] [12] [13 3 A AR 1 B 52 B A0 A 1 s VR SR A 5
PRt TR A f R, R LI E RGN 7.

LIRPERIHAEAE VAN 7, AR HIE PR S G R BN 5 5 I U AR AR IR R LR
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5, ARTITRENH; Bl rfOuSs € FEAE R T I — AR, SO MR G RHHEMBE L 1k, ok
BTSRRI R S HER By, To B TR A8 27 B AR SR 73 A il

PRIk, 18 SCHETERI BN AT T A T — Al “Eﬁ%%ﬂ%%{ﬂﬂﬁﬁﬁ%%ﬁ” FICAZ B AS R RE AR EE . A
[FIFEANIE TR G R PR, — 2B TR QBRSO 1] [2] [3]. ASCIE 5 FASFIE 5 )i
H, il T AC-13C RHHRAR, @A AR DR, FTAT TR AR R AR R R R
MBI, LT HAMMGYESREL W 17T R SEHR SRR 5 PR 0 .

2. \ERBE
2.1. ;HERIFhA

RIGEH T 5 M. 70" LR IE . SBS stk . BT . Evotherm IV Al ACMPI JH+#E
Wit . ST SRR T LR YR F 70" R T, SBS Bk v T AR I 7 R ) 4% SR E T
1EMIGIE[2], Evotherm. ACMP1 PR AEFIIFIEARK N 0.6% 6%. %I (AR TREIHE LIiERE
BHAIEEFEY (JTG E20-2011), X HBHAT T HARFARMEGENR, 2R NE 1,
22. BN RFE

PR OB TR T S 1R A BRI ) (JTG E20-2011), %A FRZE BE i1, 7EAN AR 56: 5 5 (120
130, 135, 140. 150, 160. 170, 180°C) FXJ 5 Fhiid 47 T A ZEE MR 14] [15], WRI645 H W% 2,
EHJH:TLAEH SBS UM T ANG I I T O B R s TR T, RS 1R B R R Evotherm X

HA G REE R R, T PR AR BT ACMPL XA B 2 R B A o

Table 1. Basic technical parameters of different bitumen

= 1. FRIGBHERRRESH

WEM 25°C £ \JE/0.1mm 15°C £ \F%/0.1mm Ak s/ C 15°C %E/%/cm 10°C #EfF/cm  5°C ZEf¥/cm

70" 5L i 70.6 / 48.0 >100 82.6 /
SBS 74.2 / 68.4 / / 36.7
i 61.2 / 68.7 60.9 / /

Evotherm 71.4 / 47.9 40.8 / /

ACMP1 / 83.2 43.8 / 1355 /

Table 2. Viscosity of different bitumen at different temperatures (Pas)
2. NEIRE TARELRHE R RFE (Pas)

R ErC

W R
120 130 135 140 150 160 170 180
703 5% 0.855 0.580 0.488 0.381 0.241 0.168 0.111 0.082
SBS 2428 1.560 1271 0.949 0.590 0.402 0.245 0.155
[E3 3.658 2.388 2.068 1.617 1.118 0.692 0.485 0.360
Evotherm 0.858 0.562 0.494 0.389 0.256 0.163 0.113 0.081
ACMPI 0.533 0.380 0312 0.260 0.176 0.119 0.085 0.061
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23. RARBISIE

RIGHFFIEH AC-13C BPIFHRARL, WA B AN AE RS, WATEREN 10.6%. &
NUARXS % BN 2,715, W M BIRAAE ST BN 2.683. Wi F &1L (AR TR S TR AR a6
FE) (JTG E20-2011), % S8R B & RISV E o 5 M 1R SR SR i B3 K A 4.8%~5.0%
ZI8], ARAGTREER N, R T HBCRTY AC-13C MisE G, W RHY R IR — @ E, R EXhE
(YR B B R P T AT — Bk o DRI, RIS Fext SRR VR ARk F R4 — BUE 4.9%.

3. FRFFIAL

BRIGR FHBIE 72 FBA AT FF R 7R e F T AR IR IG R B 1] [2] [3], HAFsiy: HARACH: A
LHURFEMB &I & B3I T AR RS DR R G MEAE A7 RS0, vE s TR AT 5%
YR, SEIL IR AR AR R A R D F A, R AT SERE Sk S A . R R
JERARFFEFIE R T, XF 5 MERERHT TR, B 7 R0k 3, FmIhZilitsd
RN 4.

Table 3. Test scheme of different mixing velocities
=3 TERHMRESR

IEIRA R 70°3: )5, SBS. 5. Evotherm. ACMPI
HHEHAY AC-13C
W% 4.9
TREBHER T #/kg 12
HEAR S C 140, 150, 160, 170. 180
PEAHE R /r-min ! 20. 30, 40. 50

4. HRREhFEFE
RYEL 4 RIGLE R, nIor A Hlt 5 MRS RHEARIEE T 1 “ Pl —E Rl R i K,
PL160°C N, ANRWEIRAERAZEWE 1; L 70" R ARG, A FERE T rAs K an &
20 SHTRIL, TR ERAEHEA IR, PR 3R b & PR 138 KR 3 N, R
R R RB VR RV . R e PR T, PRI D) 26 B AR S 0 i 235 80, #RR T IR
faf=A 8
FACHEINRA Py FERGERR v, SR IRARES iR R R s 58
P=F+1.V (1)
A FHRONNEER, RorlE 188 )R ELR#EE: AN UHE, R 1@E ) ELRR
Hy B 1A 2) RN FERR AR, AR P-V AR
KT ER G FER R s, WA 2R b, Bt 7 = (Bingham) 8!, 40 3,
Tt BT R AR BE A SRS 1 IR A Bingham #5278, & —FhZR MRS . =B AR T RN
t=f+n-D (2)
KA ¢ NEIYIR ) D ABIYNREE; MBI NIESE R n AR RE
5. #FIFRES

MANERG PR SR R EOR U, (D)) LR A RAE TR A RINEEE, iR R P AR
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B, HERBERG RSV FMBER, METEE; HMBEAD, METELE. PERGEH

RAFERIRERR ) LA (1], Wl AR RO MR .

XPRER S5 R EATEAE AT (K REORT 0.99), 75 204 R 75 IR G RHE A FHEEE T BHEA

FEEIAE 5,

MF S FTLVE : AEPE R AR RE R BARR, 5 70" 5505 R AR, SBS Btk
B HIRGEFHREL 2 | T 6.0%~30.7%, 10 MFRHEHE RS PHEMBE 2 MBI T

5.1%~26.5%; FEERELRF S, IERARIRIRAZEE 2 FIIHIE . R 55 .

REBHIFERBE A, AR LRETHENHE 9, Bk, —FBREALFNAERRKSR. W

Table 4. Testing result of mixing power (W)

5 4. HEATHEMRLERW)

FEFIEZ/(r-min ")

RAR PEAIR R C
20 30 40 50
140 139.1 187.9 2473 303.1
150 119.3 162.0 210.8 2543
e 160 107.9 147.8 185.0 228.2
170 101.8 138.9 175.9 211.7
180 96.9 131.6 168.5 201.7
140 160.8 218.5 279.6 350.3
150 142.8 193.5 252.6 309.3
SBS stk 160 131.0 174.1 222.3 279.2
170 113.2 1613 204.5 238.0
180 105.8 1487 184.1 2179
140 165.0 231.1 299.1 360.3
150 145.7 208.1 266.1 3173
BRI 160 137.3 186.1 2412 292.1
170 124.5 165.8 212.0 260.6
180 115.7 151.1 192.6 235.8
140 116.9 167.1 216.5 254.6
150 103.1 146.8 187.8 2232
Evotherm R 160 99.1 136.4 169.5 209.9
170 95.3 127.3 163.1 199.9
180 91.8 122.8 155.6 191.4
140 109.2 153.0 1932 2427
150 100.4 1383 1743 220.2
ACMPI1 i 160 96.0 130.8 165.3 206.9
170 91.1 123.8 156.4 196.0
180 86.3 122.9 1532 186.5
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Figure 1. Mixing rheogram of different asphalt mixtures (160°C)
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Figure 2. Mixing rheogram of 70" matrix asphalt mixture
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Figure 3. Bingham model and its rheogram
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Table 5. Mixing viscosity of asphalt mixtures (60 J-r™")
F 5 MERARMEMFE LG0T

FERIR S/ C
W RA R
140 150 160 170 180
70" 3 5 551 4.54 3.97 3.67 3.51
SBS i 6.30 5.59 493 4.18 3.72
iy 6.54 5.72 5.19 4.50 4.01
Evotherm 4.63 401 3.66 3.49 3.31
ACMP1 441 3.94 3.67 3.47 3.33
(a) 55+
o — 70'HR
v 50 »  -=-- Evotherm .-
s 7 ---- ACMPI 7
o LT -
i Pt
5 4.5 JPtae
T
e
% 4.0
=
i
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i
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Wi HE I FE/Pass
(b) 7 .
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" R JPle
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Figure 4. Changing rules of mixture’s mixing viscosity with bitumen viscosity. (a) 70" matrix bitumen and two kinds of

warm bitumen; (b) SBS modified bitumen and rubber bitumen

B 4. RERMBENHRERISHENTURE. () 70 ERHBEMEFEHNE; (b) SBS BUIEABEMGINHE

140°C ~180°C W IR n (5 )FRA R EEMBE L A (K 5), WLl -2 B, WE 4. HTHELA

FZEBUR, W hl s~

M 4 ATV B : VR AR FEAIRGEE A ST MR n BAT RAF 2B OGTE , ARG R EOKT 0.97,
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TR LK, IR RHFE AR AR (AT REAFN, ARG ERAGEHF MR EANAR, &
BUASERERIAN S PRI, S 1 75 Rl R A R AN S PRS2 .

6. HFMFMSHES R

W IR AR FEANR By PEAEAS 5T 9T AR R AN R B2 1P L, VR AR RE AN R OB, FEAIRT 5
BRAF, S IRER, RIVRE R A 5 M 5 R IR 2 SRR, mT BAE SCREFIRN S PR 48 50(1,, ) A HE RN R A
MR B >3], B

I,=— (3)

b 1 R A%, A MRS 6031

FRAER3) T B T I 2 RO S PR 6, FE2HIARIE 5 DA SR ILREIR R (A I MU . M
P 6 ATBVRIL, REPITHE SR S SO R R, 15 70 R THE AR L, SBS BT AR
I 05 45308 2 0 0 5 M AR BRI T 5.6%~23.5% , 573 A1 5 b S U 75 V8 4 6 0 1 5% M 4 0 0 4R 7 T
5.1%~25.0%.

5 BT LA, 5 MRS SR AR K, B REOK T 0.98, LGRS, 5 MR BORLK,

Table 6. Workability index of asphalt mixtures (%)
F 6. MBERERBMGEIER (%)

o FEANRE/C
Wi REk
140 150 160 170 180

7035 % 18.15 22.03 25.19 27.25 28.49
SBS Mt 15.88 17.90 20.29 23.95 26.89
i 15.29 17.48 19.27 22.22 24.94
Evotherm 21.60 24.94 27.32 28.65 30.21
ACMP1 22.68 25.38 27.25 28.82 30.03

35 -

i v
_’_,_7;_7,7-‘-6"" X = Evotherm
158777 o — 70N
6 ---- SBS
o e i
10 n 1 L 1 L 1 L |
140 150 160 170 180

AR/ C
Figure 5. Changing rules of workability index with the temperature

B 5. fsMisRbEaE T RE

DOI: 10.12677/hjce.2018.76114 957 T ARTHE


https://doi.org/10.12677/hjce.2018.76114

RATIR 55

VRERHEFAN ) VER i, HEEANEE 1 140°C THE F) 180°C I, =R IR & R A 5 18 B
MEEA 57.0%~69.3%, Y3 AN FRIGFEDI TR & RS INmE A 32.4%~39.9%; ANE R Ak RS, Hfe
K /NHEF RN ACMPL > Evotherm > 70" R i7 > SBS oit: > BRI .

7. 4518

1) Wi IRA BHRE RN 45 1 AR 28 P 5 S () S AR, LR AN 50 B T SR At v Ak i B A AN
Gtk

2) IRARMFERIEE S IE FE 2 RIFIIEADCHE, 55 R FER, JBA R A
[, FRINFHPERR S M A .

3) NT &RV IR AR S, T8I N— AR S AR5, & SONFERIZL R i85
B,

4) PIEFEARE, BARIEEFIZE RSO 5 AR, SBS st & ARG B 7 TR A RHK A 5 P4
2, RIS R 5 MR

5) B AR AT, VRARHRI G MERR B O AR T TR AR BRI B M HR BN
ACMP1 > Evotherm > 70" i 75 > SBS it > R -

=
BevE 4 A EHL I H (17-11K), V9114 5@ R H (2017-F-01) .
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