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Analysis of Asphalt Pavement Rutting in
Continuously Changing Temperature Field and
Early Warning for High Temperature

ZHANG Jiupeng, PEI Jianzhong, WANG Binggang
(Key Laboratory for Special Area Highway Engineering of the Ministry
of Education, Chang’an University, Xi’an 710064, China)

Abstract: Through the statistical meteorological conditions of
Nanjing area, the temperature filed of asphalt pavement was
analyzed. Based on temperature field analysis and laboratory
material tests, the reasonable simulation model considering
consecutively variable temperature was developed to study the
effect of exterior factors (temperature and load) on rutting.
The remarkable influence factors were analyzed, and then the
rutting prediction model considering the climate factors was
established. It is indicated that the rutting analysis close to
the field condition can be simulated using the simulation
method considering continuously changing temperature field;
rutting usually occurs at the average daily air temperature of
20 C or hgher, and the variety of daily rutting is a typical S
curve. The index of rutting depth is defined and early warning
method for high temperature and corresponding protective

measures are also put forward.
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Fig.1 Numerical method for asphalt pavement rutting

under continuous changing temperature field
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Tab.1 Thermodynamics parameters of

asphalt pavement materials

B SRR/ LSS/ I/
WemteC1H) (JekgteK1 (kgem?)
SMA-13 2.05 1168.0 2100
AC-20 1.25 894.0 2 400
AC-25 1.16 921.1 2 600
KRG 1.10 810.0 2077
-y 1.05 805.0 1 550
+ 3 1.30 860.0 1 700
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Fig.2 Curve of air temperature and radiant intensity
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Fig.3 Actual and calculated temperature
at different depths
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Tab.2 Material parameters of asphalt mixtures

{E;fégj R/ C A m n gi‘%{%ai /‘?El /N4
20 6.536 X101 0.937 —0.592 870 0.25
30 3.325X10°9 0.862 —0.587 620 0.30
SMA-13 40 1.446x10°8 0.792 —-0.577 554 0.35
50 1.390x10°% 0.414 —0.525 530 0.40
60 1.464x10°5 0.336 —0.502 526 0.45
20 4.580x10°11 0.944 -0.596 910 0.25
30 2.461X10°9 0.796 —0.585 752 0.30
AC-20 40 3.673xX10°8% 0.773 —0.570 600 0.35
50 4.802x10°6 0.595 —0.532 440 0.40
60 7.778X10°5 0.384 —0.441 380 0.45
20 4.590x10°11 0.922 -0.581 1031 0.25
30 3.461x10°° 0.859 —0.576 900 0.30
AC-25 40 1.956x10°3% 0.830 —0.562 710 0.35
50 1.200x10°6% 0.322 —0.522 500 0.40

60 3.755x10°5 0.210 —-0.418 390 0.45
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Tab.3 Parameters of other materials

e PR/ MPa THAALE
IKESHEAT 1 200 0.20
/& 300 0.30
e 60 0.40
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Tab.4 Daily rut depth of asphalt pavement under different factors

BIRE  FARE/ BIRE G/ BIRE  ERORE/
4H A H 4H A H 4H A
Ala 3 J3/MPa 10 2mm ala H Ji/MPa 10" 2mm Ala 1 Ji/MPa 10" 2mm
1 06-29 0.70 0.895 8 07-01 0.88 1.299 15 07-03 1.11 1.614
2 06-29 0.88 1.291 9 07-01 1.11 1.742 16 07-04 0.70 1.069
3 06-29 1.11 1.731 10 07-02 0.70 1.003 17 07-04 0.88 1.543
4 06-30 0.70 0.628 11 07-02 0.88 1.448 18 07-04 1.11 2.068
5 06-30 0.88 0.907 12 07-02 1.11 1.941 19 07-05 0.70 0. 856
6 06-30 1.11 1.215 13 07-03 0.70 0.835 20 07-05 0.88 1.236
7 07-01 0.70 0.900 14 07-03 0.88 1.204 21 07-05 1.11 1.656
200 5 06-29 20 5-06-29 20r _5-06-29
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Fig.4 Curves of daily rutting in asphalt pavements
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Tab.5 Daily rut depth of asphalt pavement under different weather conditions

g P mme s g0 R e me s i IR
TR T g ) (102 mm) /TR /T g e 107 2mm)

1 2.5 10.9 -5.9 10.4 7 29.2 35.6 22.8 26.3 0.904

2 4.4 13.4 -4.6 13.9 8 28.8 35.3 22.3 25.1 0.810

3 9.1 19.1 -0.8 16.5 9 23.9 29.6 18.3 24.3 0.367

4 16.0 24.7 7.2 23.3 10 18.0 23.2 12.7 18.0

5 21.5 27.8 15.2 25.7 0.217 11 10.9 17.7 4.1 13.2

6 25.6 31.2 20.1 22.9 0.445 12 4.7 12.7 -3.3 10.4

F 6 FRMEZERRMIFERE
Tab.6 Early warning of rutting for high

temperature and protective measures
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