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Prediction of Low Temperature Index of Asphalt Mixture
Based on Grey Model
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(1. Transportation College, Inner Mongolia University, Hohhot 010070, China; 2. Research Center for Bridge Testing,
Maintenance and Reinforcement Engineering Technology, Inner Mongolia University, Hohhot 010070, China)

Abstract: In order to comprehensively consider the influence of low temperature performance of asphalt on the low
temperature performance of asphalt mixture, and predict low temperature performance of asphalt mixture. The low
temperature evaluation indexes of five kinds of asphalt and mixture were determined by bending beam rheological
test and conventional low temperature test. Grey correlation analysis was introduced with the results of thermal stress
restrained specimen test and a fractional grey prediction model was established. The results show that the low
temperature continuous classification temperature, glass transition temperature, brittle point, creep rate and
dissipation energy ratio at four temperatures have great influence on the low temperature performance of asphalt
mixture. The errors of FGM (1,4) model for freezing temperature and turning point temperature are 1.83% and
3.71% respectively, indicating excellent accuracy and reasonable prediction results.
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Table 1 Technical indexes of asphalts
Ductility/cm
Asphalt type Penetration(25 °C)/(0. 1 mm) Softening point/ C Density(25 “C)/(g-em )
5C 10°C 15°C
90# 87.6 >100.0 45.5 1. 050
SBR 78.0 68.5 =>100.0 62.8 1.022
SBS 94.7 53.0 >>100.0 60.8 1. 025
Rubber 65.2 31.2 34.5 71.0 1.036
Cold 125.0 =>100.0 80.0 1.014
*2 HERAMOREAK
Table 2 Gradation compositions of asphalt mixture
w/%
Sieve size/mm
Specimen
0.075 0.15 0.3 0.6 1.18 2. 36 4.75 9.5 13.2 16 19 26.5
BA 8.6 11.5 14.1 17.7 23.8 32.6 38.6 71.5 92.8 100.0 100. 0 100.0
SBRAM 8.6 11.5 14.1 17.7 23.8 32.6 38.6 71.5 92.8 100.0 100.0 100. 0
SBSAM 8.6 11.5 14.1 17.7 23.8 32.6 38.6 71.5 92.8 100.0 100. 0 100. 0
RAM 7.1 9.3 10.9 13.1 16.8 22.3 28.6 64.4 91.0 100.0 100. 0 100. 0
CAM 8.6 11.5 14.1 17.7 23.8 32.6 38.6 71.5 92.8 100.0 100. 0 100. 0
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Fig.1 Low temperature rheological indexes of asphalts after long-term aging
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Table 3 Conventional low temperature indexes of asphalts

*4 HEREHBITSRSTEHR
Table 4 TSRST results of asphalt mixtures

Index 90# SBR SBS Rubber Cold
Tg/°C —19.01 —23.17 —21.41 —24.33 —30.28
Brittle
. —15.64 —18.39 —17.42 —20.92 —20.98
point/°C

Ductility/cm 27.40 53. 60 66. 80 29.50 39.80
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BAM —40. 36 2.537 —24.51 —0.083
SBRAM  —36.87 2.246 —23. 89 —0.087
SBSAM  —43.19 2.453 —27.16 —0.070
RAM —40.05 2.536 —26.30 —0.105
CAM —41.29  2.921 —28.11 —0.103
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Table 5 Grey correlation degree of low temperature evaluation index of asphalts and asphalt mixtures

Correlation degree

Correlation degree

Index t/°C Index 1/°C
T o T, T: o T,

S —12 0.711 0.708 0.704 W,/ W, —18 0. 849 0. 864 0.867
S —18 0.749 0.709 0.733 W,/ W, —24 0.839 0. 847 0.858
S —24 0.742 0.703 0.727 W,/ W, —30 0.801 0.841 0.819
S —30 0.827 0.785 0.802 m/S —12 0.742 0.768 0.759
m —12 0.948 0.894 0. 940 m/S —18 0.652 0.671 0. 664
m —18 0.89 0.911 0.910 m/S —24 0.66 0.687 0.675
m —24 0.852 0.869 0.873 m/S —30 0.718 0.716 0.737
m —30 0.815 0.814 0.832 A —12 0.632 0.624 0.626
T 0.929 0.921 0.901 J —18 0.678 0.653 0.676
A —12 0.842 0.833 0.829 J. —24 0.618 0.622 0.614
A —18 0.739 0.736 0.729 J —30 0.708 0.681 0.693
A —24 0.753 0.754 0.742 T, 0. 877 0.902 0.897
A —30 0.793 0.754 0.782 Brittle point 0.893 0.914 0.916
W,/ W, —12 0.915 0. 864 0.904 Ductility 0.757 0.717 0.748
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Table 6 Comparison between predicted T, from FGM(1,1), FGM(1,4) model and actual value

FGM(1,1) FGM(1,4)
Type Actual value/C
Predicted value/C Relative error/ % Predicted value/C Relative error/ %

90% —40. 36 —40. 36 0 —40. 36 0

SBR —36.97 —38.45 4.29 —34.61 6.12

SBS —43.19 —40.19 6.94 —43.19 0
Rubber —40.05 —41.13 2.71 —40.44 0.96

Cold —41.29 —41.40 0. 26 —41. 39 0.25
MAPE 3.55 1.83

F7 FGM(1,1)FFGM(1,4)% BT 4 7% o 38 B 5 LA RO BL &
Table 7 Comparison between predicted o, from FGM(1,1), FGM(1,4) model and actual value

FGM(1,1) FGM(1,4)
Type Actual value/MPa
Predicted value/MPa Relative error/ % Predicted value/MPa Relative error/ %

90% 2.537 2.537 0 2.537 0

SBR 2.246 2.246 0 2.249 0.15

SBS 2.453 2.381 2.93 2.714 10. 62
Rubber 2.536 2.617 3.21 2.650 4.48
Cold 2.291 2.907 0.48 3. 446 17.97
MAPE 1.65 8.31

#8 FGM(1, )M FGM(1,4) A BN K HIFRESZMNER LS
Table 8 Comparison between predicted T, from FGM(1,1), FGM(1,4) model and actual value

FGM(1,1) FGM(1,4)
Type Actual value/C
Predicted value/°C Relative error/ % Predicted value/C Relative error/ %

90% —24.51 —24.51 0 —24.51 0

SBR —23.89 —24.32 1.79 —23.25 2.69

SBS —27.16 —26.03 4.17 —25.09 7.64
Rubber —26.3 —27.19 3.40 —26.45 0.57

Cold —28.11 —27.92 0.69 —27.00 3.95
MAPE 2.51 3.71
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