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Effective Temperature of Rutting for
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Abstract: This paper aims to predict the rutting depth
more accurately and simplify the prediction process.
First, the effective temperature for rutting of semi-rigid
base asphalt pavement in 10 sites was calculated based on
the full-thickness asphalt pavement temperature field
prediction model and rutting prediction model. Then, the
effect of asphalt layer thickness and site factors on the
effective temperature were analyzed. Afterwards, a
prediction model was established, incorporating the
depth, annual average temperature (AAT) , and annual
rainfall (AR). Finally,

compared with other existing models. The results show

the model was verified and

that the asphalt layer thickness only has a significant
effect at a depth of 0.5 cm, and the site significantly
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affects each sublayer. A model with a better extensibility
and robustness is proposed based on the distribution
characteristics of effective temperature along the depth.
Combined with the regional correction factor, an effective
temperature prediction model considering regional
differences is established. Compared with the existing
models, the effective temperature model established in
this paper is suitable for different design conditions,

materials, and traffic volumes.

Keywords: road engineering; asphalt pavement;

effective temperature for rutting; prediction model
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Fig. 1 Process of determining effective temperature for rutting
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Tab. 1 Sites used for modeling

X JITAE X 3, Z0E/(°) /() HiIX JITAE X ZE/(%) /()
01 LA 109. 983 39. 833 06 Jba 116. 585 40. 080
02 Wi 114. 208 30. 784 07 JM 113. 299 23.392
03 T 117. 400 25. 300 08 s 101. 767 36.617
04 i 121. 336 31.198 09 T 108.172 22.608
05 W 116. 983 36. 683 10 Kl 121.539 38. 966
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Tab.2 Pavement structure and materials
JELRE /em
)= kL #siim/MPa MEL /N
) o © ® ® 6 ©® @ ©
SMA—13 4 4 4 4 4 4 4 4 0.25
)2 AC—20 5 6 6 6 6 6 6 6 MR dokiE  0.25
AC—25 6 8 10 14 18 22 26 30 0.25
HZ IKPERE AT (CSG) 40 11 000 0.25
JEEFEZE IKIEREREA (CSG) 20 10 000 0.25
A4 60 0.40

R T BRI, #iE T SMA-13 . AC-20 fil
AC-25 =R IR R sh S M (2) &
HENRG RS S E &S H 2Rk 3
Jr7R
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Tab. 3 Fitting parameters of dynamic modulus mas-

ter curve

R a b ¢ d C C, T,/C R
SMA—13 2.44 —0.54 —0.69 7.79 11.599 113.967 20.0 0.996
AC—20 2.15 —0.58 —0.76 8.32 13.882 132.794 20.0 0.997
AC—25 2.91 —1.01 —0.62 7.68 23.809 206.613 20.0 0.999
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Fig. 2 Finite element model (unit: cm)
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Fig. 3 Effect of asphalt layer thickness on effective temperature for rutting
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Tab. 4 Effect of asphalt layer thicknesses on effective temperature for rutting
WHE/em AR SGIME pIE W /em  FEAE GHE plE WHE/em AR SGIME plE
0.5 80 3.18 0.01 12.5 80 0.02 1. 00 24.5 40 0.15 0.93
1.5 80 1.59 0.15 13.5 80 0.05 1.00 25.5 40 0.22 0.89
2.5 80 0.83 0. 56 14.5 80 0.11 1.00 26.5 40 0.32 0.81
3.5 80 0. 56 0.78 15.5 70 0.05 1.00 27.5 40 0.45 0.72
4.5 80 0.41 0.89 16.5 70 0.10 1.00 28.5 30 0.18 0.84
5.5 80 0.24 0.97 17.5 70 0.19 0.98 29.5 30 0.23 0.80
6.5 80 0.13 1. 00 18.5 60 0.13 0.98 30.5 30 0.30 0.74
7.5 80 0.07 1.00 19.5 60 0.24 0.94 31.5 30 0. 36 0.70
8.5 80 0.04 1.00 20.5 50 0.09 0.98 32.5 20 0.12 0.73
9.5 80 0.06 1.00 21.5 50 0.15 0.96 33.5 20 0.15 0.71
10.5 80 0.01 1. 00 22.5 50 0.23 0.92 34.5 20 0.19 0.67
11.5 80 0.01 1.00 23.5 50 0. 37 0.83 35.5 20 0.22 0.65
®5 MWXXEITERFRELRENFN
Tab. 5 Effect of sites on effective temperature for rutting
W /em  FEAHE SN IER pIEH | WE/om AR guitd plE | WE/em  FEAR  SIME PIE
0.5 80 24.78 0 12.5 80 3 808. 27 0 24.5 40 258. 17 0
1.5 80 49.72 0 13.5 80 1446.92 0 25.5 40 176. 80 0
2.5 80 94.78 0 14.5 80 670. 63 0 26.5 40 119. 25 0
3.5 80 140. 11 0 15.5 70 1354.73 0 27.5 40 85. 68 0
4.5 80 186. 67 0 16.5 70 674. 46 0 28.5 30 163. 11 0
5.5 80 323.47 0 17.5 70 349. 67 0 29.5 30 125.87 0
6.5 80 599. 71 0 18.5 60 430. 26 0 30.5 30 95.41 0
7.5 80 1037.67 0 19.5 60 238.68 0 31.5 30 79.70 0
8.5 80 2154.96 0 20.5 50 522.02 0 32.5 20 158. 56 0
9.5 80 893.15 0 21.5 50 325.41 0 33.5 20 131. 00 0
10.5 80 5334.88 0 22.5 50 203. 89 0 34.5 20 104. 33 0
11.5 80 8727.22 0 23.5 50 127. 14 0 35.5 20 89. 81 0
I —<— XA *6 AEMXEUNFRRENEXRY
60 YT
——AEEMHE . . .
—o— ZIHR L Tab. 6 Correlation coefficient of effective tempera-
5O 77T i .
8 : A4 ture for rutting in different sites
;é i EL/J\
= HIEFR HIX 01 31X 02 X 03 H1IX 04 HIX 05 31X 06 H[X 07
& bid
ﬁ HiX 01 1.000 0.991 0.982 0.988 0.995 0.995 0.974
X 02 0.991 1.000 0.998 1.000 0.999 0.999 0.995
HiX 03 0.982 0.998 1.000 0.999 0.996 0.996 0.999
HiX 04 0.988 1.000 0.999 1.000 0.998 0.998 0.997
RIE /em HX 05 0.995 0.999 0.996 0.998 1.000 1.000 0.992
HBIX 06 0.995 0.999 0.996 0.998 1.000 1.000 0.991
E4 HEEPSER HIX 07 0.974 0.995 0.999 0.997 0.992 0.991 1.000
Fig. 4 Evaluation of model on fitting s
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Tab.7 Correlation between meteorological elements and site correction factors
WX K KRAMBE/ KKt/ AEXTE R/ K/ R HERESS/ H fRHT%/ oM/
site C mm % (mes™) (MJ\m ?) h (MJ:m ?)
01 0.87 6.6 427.9 45.6 4.1 6195.8 1721.0 666. 8
02 0.998 16.0 1454.6 72.2 2.7 5288. 3 1469.0 597. 8
03 1.028 21.0 1506.5 77.8 3.0 5520.5 1533.5 647. 3
04 1. 000 16.3 1352.9 74.9 3.3 5155.3 1432.0 586. 3
05 0.928 12.1 775.9 62.6 2.7 5697. 3 1582.6 617.8
06 0.924 11.2 723.2 51.8 2.1 5500. 3 1527.9 586. 9
07 1. 064 22.5 2102.6 73.8 2.7 5076.1 1410.0 600. 9
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Fig. 5 Comparison of calculated and predicted values for effective temperature
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Fig. 6 Comparison of calculated and predicted values for rutting depth
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Fig. 7 Applicability analysis of effective temperature model of rutting
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