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Rutting Prediction Model of Asphalt Pavement Under
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LI Yiliang, WEI Jianguo* , LI Jiatong, FU Qilin
(School of Traffic & Transportation Engineering, Changsha University of Science and Technology, Changsha 410004, China)

Abstract: To establish the rutting prediction model of asphalt pavement under layered variable modulus, the deviation of perma-
nent deformation prediction of asphalt pavement caused by dynamic modulus change was corrected. Based on the asphalt mixture dy-
namic modulus test and laboratory triaxial dynamic creep test, the correlation between the asphalt mixture dynamic modulus (| E™ |)
and its high—temperature deformation resistance was verified. Abaqus finite element software was used to analyze the dynamic modulus
and vertical compressive stress of asphalt pavement with depth and temperature at different times, and the correction factor (m) of ver-
tical compressive stress of each sub layer under different dynamic modulus was proposed. According to the idea of ~sub layer deforma-
tion superposition”, a rutting prediction model of layered variable modulus asphalt pavement was established by using SPSS software re-
gression analysis, which included temperature, asphalt layer thickness, vertical compressive stress, correction factor, load action times
and other factors. The results showed that the established rutting prediction model can more accurately predict the permanent deforma-
tion of asphalt pavement, improve the rutting prediction accuracy of middle and lower layers by 6. 03% and 10. 34% , respectively, and
improve the overall asphalt layer by 5. 19%.
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2.1.2 MEZS% *1 BEHMEHRSH
l)éﬁéﬁlﬁg&%ﬁ Tab. 1 Material parameters of each structural layer
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TR R SRS ST, 120 TH Fa -
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Tab. 2 Volume parameters
RTG53 (%) FKHETHFLIR AR 32 (%) SCHETH AL i 4R (%)

e .
X Effective volume
Gradation type

Percentage of critical sieve residue

Percentage passing of critical sieve holes

percentage 19 mm 9.5 mm 4.75 mm 0.075 mm
AC-13 10. 26 0 20 38 5.5
AC-20 8.49 2 41 64 4.5
AC-25 8.13 21 46 65 6.0
R3 SEBH
Tab. 3 Meteorological parameters
e e o ; Y X A I H AP0 (0) / ERSal R
L OPBEESRC THRIETRC  REORB SRR E) "
VERO) A ; 2 g . WAl C (m- s (MJ - m™)
verage maximum Average minimum Extreme maximum ) . X B
Month Extreme minimum Daily average Daily average
temperature temperature temperature X L.
temperature wind speed radiation
5 29.3 18.7 34.3 14.7 4.15 19.5
6 31.5 23.2 35.7 21.2 4.19 20.3
7 36.4 24.9 39.0 20.8 4.46 22.6
8 33.8 23.9 38.2 21.7 3.66 22.4
9 26.3 19.3 36.0 16.6 3.79 18.6
10 21.2 13.7 27.3 9.7 5.34 16.5
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Tab. 4 Material thermophysical parameters
” s g/
el JEEE/ em B/ (kg o em™) (J- m"' - b ¢ (J- k—l%f’c-l)
Structural layer type Thickness Density " .. 8 .
Thermal conductivity Thermal capacity

AC-13 L2
AC—13 Upper layer 4 2 300 4 680 924.9
AC-20 "I 2
AC-20 Middle layer 6 2300 4 680 924.9
AC-25 T2
AC=25 Lower layer 8 2 300 4 680 924.9

VAR E =
ARRERLER 40 2 200 5616 911.7
Cement stabilized macadam base

v “:""" % ﬁ =
KRRERGRER 20 2 200 5616 911.7
Cement stabilized crushed stone subbase

ﬁ =
. — 1 800 5616 1.040.0

Earthen foundation
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lgo | E* [==1.249 937 + 0. 029 232p,,, — 0. 001 767p3, + 0. 002 841p, — 0. 058 09V,
Vi 3.871 977 = 0. 002 1p, + 0/003 958p,, — 0. 000 017p3, + 0. 005 47
0. 802 208 bt Py i - P33 - D3 P34 ) (1)
. + Vbeﬂ' 1 +e 0. 612 416-0. 374 135 11log f-0. 527 033logn
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Tab. 5 Dynamic modulus of asphalt mixture at 10 Hz MPa

REE/C

Temperature AC-13 AC-20 AC-25
15 6 041 7818 10 539
20 5731 7210 9 498
25 5295 6 609 8914
30 4743 5861 71727
35 4251 5219 6900
40 3638 4347 5731
45 3156 3 804 5061
50 2617 3001 3957
55 2178 2591 3413
60 1 654 2 082 2503
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Fig. 4 Estimation of dynamic modulus of asphalt layer
from May to October
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temperature from May to October
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Tab. 6 Relationship between correction factor of different

layers and road surface temperature

FE TR/ cm EVEVA:N

Pavement depth Regression formula R

4 m=-1x10"72-8x107>T,+1. 002 0.952
7 m=-5x10"°72-8x107T,+1. 003 0. 969
10 m=-8x10"72-3x107*T,+1. 007 0.978
12 m==7x10"72-5x107*T,+1. 011 0.971
14 m=-6x10"T2-8x107*T,+1.016 0.945
16 m=-4x10"72-1x107T,+1. 011 0.920

TEm R RN EIER T T, R, C
Note :m is the correction factor of vertical compressive stress; T, is

the road surface temperature, °C.
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Tab. 7 Parameters of rut prediction model

% 5 ‘ . E 5 Ié; Al RN AN
- TP e | S T I
N X Vertical compressive Vertical compressive Deformation after
Lamination Sublayer thickness Temperature K .
stress stress correction factor 1 hour of rutting test
=1 20 0.700 1 59.2 1
Layer 1
2 3.198
=
2 . .1 1
Layer 2 0 0.699 9 55
)23 30 0.693 4 50.2 0.993 3
Layer 3
= 3.679
=4 30 0.675 7 44.7 0.978 3
Layer 4
/25 40 0.610 8 39.2 0.963 1
Layer 5
=6 6. 856
= 40 0.536 2 34.2 0.958 4
Layer 6
IS8
it 180 — — — 13.733

Total
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Tab. 8 Comparison between actual measurement and prediction
) AR BEARRTE
o scfit/mm 7R B e oy REER itz ammmsEn B
’ Z: . Measured or-1§.1 er e Relative > mm Relative Accuracy improvement Overall accuracy
Lamination predicted value . Ignore m . .
value of m deviation cedicted value deviation rate of each sub layer  improvement rate
P of each layer
=1 0.814 0. 803 1.35 0. 803 1.35 0.00
Layer 1
0.00
=2 0.708 0. 695 1.84 0. 695 1.84 0.00
Layer 2
=3 0.941 0.917 2.55 0.871 7.44 4.89
Layer 3
6.03
=4 0.642 0.615 4.21 0.569 11.37 7.17
Layer 4
L):’ivscr s 0.916 0. 867 5.35 0.792 13.54 8.19
’ 10.34
26 0.568 0.525 7.57 0. 454 20.07 12. 50
Layer 6
I 20N
Asphalt layer 4.589 4.422 3.64 4.184 8.83 — 5.19
overall
13 8 W1, 24 N =3 600 i, i J2 FiAdh i 2 5 sEp
s
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