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. x1 HEERER
1 ﬁtgﬁdﬁ*ll' Tab.1 Properties of asphalt binders
K FH SKTO#KE I 7 FIR G I 24t o B ) 45 " LT Rk
ﬁt%‘lﬁﬁ S = Ny
BeSBTE  IF 50 BIHER AC-13 ML R A . UL
FERUBSRECHE D 0 R, AT SPT ks, (B S0/ (Ot T
WiTF YEREFE AR AN AR R L B an 3k 1 A& 2 o, I FERF(15 °C,5 ememin~")/cm 48 42
M IR AR S SRR ARG A ke 3 K 4 Wi/ C 276 288
LAV R A IR, AR TR, R
FRDHOREH I ST E BRI M st HAEL/% 9.0 868
HIRGRRAEDHEHEY N 4.5% , it 2 B (163 C,5 h) i LF(]S"C
%6}’%”}7 3.95% F1 4. 18%. 5 ememin~')/cm 23 24
*2 RBERLE
Tab.2 Mixture gradation
TR 16 13.2 9.5 4.75 2.36 1.18 0.6 0.3 0.15 0.075
mm mm mm mm mm mm mm mm mm mm
A F IR 100 100 85 68 50 38 28 20 15 8
A TR 100 90 68 38 24 15 10 7 5 4
B e 100 95.6 72.7 40. 4 30 19. 4 14.5 10.3 8.1 5.1
*3 WHHSREEHISER
Tab.3 Dynamic modulus data of mixtures MPa
{ﬁ%%ﬂ Lo C TR/ He
i 25 10 5 1 0.5 0.1
4.4 16 622 15 889 15 253 13 544 12 545 10 091
R 21.1 10 549 8 961 7 581 5726 5 003 3381
RA R 37.8 3959 2923 2218 1419 1155 855
54.4 1 098 836 633 494 397 287
4.4 18 811 18 284 17 221 15 704 14 333 12 382
B 21.1 12 596 10 719 9 487 7 563 6 266 4 800
UiHiRAR 378 5250 3 841 2619 1371 1037 715
54.4 958 776 605 400 336 280
x4 WMAHHSREERMEMLE
Tab.4 Phase angle data of mixtures (°)
WARAE  HEoC - — Ll A — —
4.4 13.6 15.3 17.2 20.5 22.3 25.2
= S5l 21.1 27.6 29.0 30.7 32.3 33.7 35.1
IRE K 37.8 35.7 37.7 37.2 34.1 33.1 31.2
54.4 36. 6 34.3 32.4 30.3 28.9 26.2
4.4 10. 1 11.7 13.1 15.2 16. 8 18.8
oS 21.1 21.1 23.0 24.3 26.5 27.9 30.7
UiFiRAR  37.8 31.6 32.7 35.0 33.4 32.2 30.0
54.4 36.7 34.4 31.8 29.8 27.8 25.7

2 REAE

K H Troxler 4140 Y jig #% & 524X, Y 7Y
150 mm x H 150 mm [T, FHE5BOEH

YIEEE 3] $100 mm x H 110 mm BSR4, %
SPT 45,75 50 ~ 150 we N XFRE B9 R F1 K SE R A7
TERZ PN g 53 0 4.4 2101 37,8,
54.4 °C; far M Z 50 0.1,0.5,1,5,10,
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PR AR R . Ak et il CAVALES
lg(lg\E* D - 5+ Rk REE/C AE/] lg[a(T) ]
5 4.4 216 631 2.314
o o N (5) R 21.1 0 0
1+ eﬁW ’ []gf_w- 147 14(T+273. 157 T,+273.15 )] RAE 37.8 230 132 ~2.194
SHRIE N 21. 1 C KA 0 sh 54. 4 221 054 ~3.989
B, K H Origin F A4 X} Sigmoidal R 0317 40 4.4 208 657 2.228
. . . . : J
& WEWRITR ARG AL LB I Tk SRR S 0
L e R . WHIREE . -2.
S 5 IEEST gl .
5 R, A BERE i 2 A S 090 T 6 o i osorm 106
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Tab.6 Fitting parameters of dynamic modulus master curve
TRA R @ B ¥ 5 R?
HTRWHF R AR 4.322 05 2.071 60 ~1.109 36 -0.532 70 0.994 70
B IR AR 4.374 54 2.180 26 -1.156 43 —0.620 96 0. 998 65
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Fig.4 Dynamic modulus master curve
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Fig. 6 Comparison of dynamic modulus and phase angle master curves
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Analysis of Dynamic Response Master Curve of
Carbon Black Modified Asphalt Mixture

LI Peilong', MA Songsong', LI Jiange', ZHANG Dongyang'~

(1. Key Laboratory of Road Structure & Material Ministry of Transport, Chang’an University, Xi’an 710064, China; 2. Guang-
dong Province Communications Planning & Design Institute Co. , Ltd, Guangzhou, 510507, China)

Abstract: In order to analyze the dynamic response of carbon black modified asphalt mixture (CBMAM) , the sim-
ple performance test (SPT) was conducted on CBMAM and base asphalt mixture under the different test conditions
of test temperature and loading frequency. The change law of dynamic modulus and phase angle for the two mixtures
was analyzed. Using the Sigmoidal model, the shift factor of dynamic modulus and model parameters were gained
according to the data. The master curves of dynamic modulus and phase angle of asphalt mixture are obtained and
analyzed comparatively. The results indicated that the activation energy AE, and the absolute value of shift factor
le[ (T) ] of CBMAM were smaller than those of base asphalt mixture respectively at the temperatures lower than the
reference temperature, while they were contrary at the temperatures higher than the reference temperature. The
master curve of dynamic modulus went up like "S" curve continuously with an increase in loading frequency. Phase
angles of asphalt mixtures go up firstly and then droped with the increase in frequency. But the master curves of
phase angle were not as smooth as those of dynamic modulus especially at high temperatures. The dynamic modulus
master curve and shift factor could reflect the effect of loading frequency and temperature on the visco-elastic re-
sponse of CBMAM. The dynamic modulus of CBMAM was bigger at temperatures lower than 37.8 °C, which has
better resistance to deformation. When the temperature increaseed higher than 37.8 °C, there was no significant
difference in the dynamic response of the two mixtures, the modification effect of carbon black for asphalt mixture
was no very significant under the conditions of low frequency and high temperature.

Key words: road engineering; carbon black modified asphalt mixture; Simple Performance Test( SPT) ; dy-

namic modulus; phase angle



