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Low-Temperature Rheological Properties of Warm-Mixed Crumb
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Abstract: In order to study the effect of thermo-oxidative aging on the low temperature rheological properties of
SDYK surfactant warm mix crumb rubber modified asphalt mortar (SWCRM ) and EM viscosity reducer warm mix
crumb rubber modified asphalt mortar(EWCRM ), the bending beam rheological (BBR) test was carried out on
SWCRM, EWCRM and hot mix crumb rubber modified asphalt mortar (HCRM) after thermo-oxidative aging. The
effects of aging on the low temperature rheological properties of three kinds of asphalt mortar were analyzed by using
S/m(S is stiffness modulus, m is creep rate sensitirity index) , relaxation time A based on Burgers model and low
temperature comprehe compliance parameter J, as indexes. The results show that the low-temperature rheological
properties of the three asphalt mortars are weakened after thermal oxidative aging. It is reasonable to study the low

temperature rheological properties of asphalt mortar by Burgers model. J. can well describe the low-temperature
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rheological properties of asphalt mortar. At —18 °C, the S/m value and J, value of EWCRM decreases by 12.72 %
and 8.58 % compared with HCRM. And the S/m value and J, value of SWCRM decrease by 30.09% and 20.71 %.

It follows that the addition of warm mix agent will improve the low temperature rheological properties of asphalt

mortar, and SDYK is better than EM.

Key words: warm-mix crumb rubber modified asphalt mortar; bending beam rheological test; Burgers model;

low temperature comprehensive compliance parameters
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Table 1 Properties of base asphalt and crumb rubber
powder modified asphalt

Asohalt ¢ Penetration(25 ‘C)/  Softening Ductility
PO T RS (CEW C RV It it A8 4P 8 52 ) SpRatpe (0.1 mm) point/C (5°C)/em
- W N BA 91.5 51.5 9.4
1 KIEHELE
_tq j*’l‘ lﬁﬁ% CR 43.3 72.2 13.4
1.1 Ei CR-EM 39.4 78.5 17.1
FE T (BA) 358 907 i i 7 , Sk CRSDYK 37.5 .6 17.8
F2 BB ARER
Table 2 Technological indexes of mineral powder
Index Result Technical standard Test method
Water content(by mass)/ % 0.5 <1 T0103
Percentage of particle(<<0. 075 mm)/ % 100 75-100 T0351
Apparent density/(t-m " *) 2.7 =2.5 T0352
Hydrophilic coefficient 0.5 <1 T0353
Plasticity index/ % 2.1 <4 T0354
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Table 3 Parameters and viscoelasticity indexes of Burgers model of HCRM ,EWCRM and SWCRM at —18 'C

Asphalt mortar Aging degree E,/MPa E,/MPa n/(MPa-s)  7,/(MPa-s) Als /s J./MPa !
Unaged 352.9 216.3 29320.9 352.9 83.1 30.9 113.2
HCRM Short term aging 346.5 264.3 40618.4 346.5 117.2 25.1 128.2
Long term aging 387.0 281.9 46 460. 0 387.0 120.0 28.6 143.1
Unaged 299.1 198.8 30642.9 299.1 102.5 29.7 103.4
EWCRM Short term aging 346.3 242.7 37 313.5 346.3 107.7 27.5 122.7
Long term aging 364.5 268. 4 43225.4 364.5 118.6 25.8 133.5
Unaged 294.1 169. 3 22 383.4 294.1 76.1 30.8 89.7
SWCRM Short term aging 375.1 229.1 29 835.9 375.1 79.5 30.4 118.6
Long term aging 366.7 258.0 36934.1 366.7 100.7 29.3 129.4
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Fig.4 Variation of J, values of different types of crumb rubber modified asphalt mortar with temperature
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Fig. 5 Variation of J, values of crumb rubber modified asphalt mortar with temperature under different aging types
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Table 4 Linear regression results of asphalt mortar under long term aging

Asphalt mortar

Relation between lg S and Ty

Relation between Ig m and T,

HCRM 1g S=0.072 3Ts+1.509, R*=0. 933 lg m=0.018 1T,,—0. 165, R*=0. 996
EWCRM 1g S=0.075 7Ts+1.409, R*=0. 997 lg m=0.019 1T, —0. 151, R*=0. 999
SWCRM 1g S=0.075 9T+ 1. 389, R*=0. 997 lg m=0.018 9T, —0. 152, R*=0. 998

Table 5 T, values of asphalt mortar under dlfferent aging conditions

Asphalt mortar Aging degree T,s/C T,,./C T,./C
Unaged —15.20 —25.97 —15.20
HCRM Short term aging —14.45 —22.36 —14.45
Long term aging —13.34 —19.77 —13.34
Unaged —15.73 —24.81 —15.73
EWCRM Short term aging —14.67 —21.47 —14.67
Long term aging —14.10 —19.49 —14.10
Unaged —16.54 —34.19 —16.54
SWCRM Short term aging —15.14 —25.38 —15.14
Long term aging —14.34 —19.59 —14.34
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Fig. 6 Correlation between low temperature index and T\ of asphalt mortar under long term aging condition
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Table 6 Correlation coifficient between low temperature index and
T, ¢ of asphalt mortar under different aging conditions

Aging degree Index R*
S/m 0.998
Unaged A —0.726
J. 0.999
S/m 0.906
Short term aging A 0. 989
J. 0.836
S/m 0. 886
Long term aging A 0.070
A 0.992
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