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Abstract The conversion method of axle load was proposed for asphalt pavements based on
the rutting equivalent using the ratio of shear stress to strength as an indicator. The
typical pavement structures were analyzed using a finite element model. The conversion
exponent nwas calculated for different environmental and loading conditions. The n7equation
was obtained using a multiple linear regression. Finally, the proposed method was compared
with the current specifications. It is found that the asphalt layer thickness, asphalt layer
location, mix type, temperature and traffic speed have significant effects on the conversion
exponent 1. Also, it was observed that the ratio of shear stress to strength was nicely
correlated with the rutting performance. It did not depend on the mix type, stress and
temperature levels. The proposed method could be used as the useful supplement to the current
specifications. The conversion exponent s should be individually calculated for each asphalt
layer.

Key words Asphalt pavement, rutting, shear properties, axle load conversion

1
[1-2]
1.1
[3-5] -
T
c @
7
T
[3] 1
TG T/T _ (o, —0o;)(tan gsin ¢ + cos ¢ — tan ¢)
. a 2(c+o,tang)
D50-2006
o1 o3
1.2

[7-9]

(d7):1 (dr)2 1 2

P P>

7

&4



1 2 m
[3-4]
b n
t/t, =a(N) 3 &zc Li) 6
N, R
N
C
a b
2 3

1

Tab.1l Typical pavement structures and material parameters

A B C D
4cmSMA-13 4cmSMA-13 4cmSMA-13 5cmSMA-13
5cmAC-20 6cmAC-20 6cmAC-20 6cmAC-20
7cmAC-25 8cmAC-25 8cmAC-25 10cmAC-25

40cm E=6000MPa £=0.20
20cm E=2000MPa £=0.30
E=120Mpa x=0.35
2.2 2
ABAQUS
E
0.40
1 C3D8R
3mx3mx4m 1

1

Fig.1 Finite element model of the asphalt pavement
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Tab.2 Loading parameters of the finite element

2013

model
/KN /MPa /cm [10] [11] 23
80 0.610 17.8 18.5
100 0.707 18.4 19.2 20 30 40
120 0.796 19.0 19.9 3
140 0.880 19.5 20.5
160 0.960 20.0 21.0
3 [10] [12]
2.3
60
km/h 90 km/h 120 km/h
3
Tab.3 Thermodynamic parameters
10°C 20°C 30°C 40°C 50°C 60°C 70°C
1124 1188 1271 1326 1 356 1374 1374
924 942 961 985 1015 1036 1047
!/ J/kg-°C 928 947 970 997 1026 1046 1 056
810
860
5327 5635 6 025 6 285 6 427 6 515 6 516
5 664 5776 5 889 6 041 6 220 6 350 6419
/ J/m-h-°C 5651 5766 5904 6 071 6 244 6 368 6 429
3960
4 680
3 4.0+1.0 % SMA 3.0+05 %
3.1
2
70" PG 76-22 SBS 6 25Hz 10Hz 5Hz
1 4 1Hz 05Hz 0.1 Hz 5 -10°C
5°C 20°C 35°C 50°C
S
SMA-13 AC-20 AC-20 AC-25 3
6.2% 4.8% 4.8%
4.1% AC

Bb
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100
Tab.4 Regression coefficients of cand ¢ prediction
80 |
equations
I
_ 60 o w2 RP B B R
SMA-13( ) 96 962 -1.298 0.998 131.720 -0.271 0.953
AC-20( ) 1371593 -2.100 0.999 128.310 -0.290 0.975
20 | AC-20( ) 172199 -1.439 0.993169.650 -0.372 0.958
AC-25( ) 385832-1.773 0.999 84.057 -0.158 0.988
O L Ll L el L L] L
0.01 0.1 1 10 100
/mm 3.3
2 3 552 kPa 690 kPa
Fig.2 Aggregate gradations of the asphalt mixtures 828 kPa 3 0 kPa 69 kPa 138 kPa
3 40°C 50°C 60°C
L.OE+05 ¢ 0.1s 09s
10%
1.0E+04
©
s
~ 1.0E+03 4
1.0E+02 | -—--SMA-13( ) — AC-20( ) 4.1 b
—AC-20( ) ----AC-25( )
1.0E+01 L L L L L L L / l
-4 -3 -2 -1 O 1 2 3 4
/Hz k7
3 10% N
Fig.3 Master curves of dynamic modulus for the 1
asphalt mixtures 4
3 b =0.154
3.2
3 40°C 50°C 60°C 0.6
o AC-20( ) m AC-20( )
3 0 kPa 69 kPa 138 kPa 0.5 2 SMA-13( ) o AC25( )
[3]
! 8 o1 | 5 1.3493y 0154 =
T °C c - R°=0.9308
0 L J
kPa 1] ° 0 50000 100000 150000 200000 250000
/
c=a, T 7
4
p=pT" 8 _ _ _
Fig.4 Relation of the ratio between shear stress to
a az B B2 4 strength and load cycle
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4.2 n 1 2

5 n

Tab.5 Exponent n of axle load conversion

60 km/h 90 km/h 120 km/h
20 30 40 20 30 40 20 30 40
2.64 3.14 3.32 2.28 2.89 3.12 2.00 2.69 2.96
A 2.85 3.04 3.35 2.72 2.96 3.19 2.61 2.90 3.08
5.15 5.83 6.94 5.12 5.79 6.84 5.10 5.75 6.71
2.86 3.25 3.33 2.53 3.00 3.15 2.28 2.82 3.00
B 4.87 4.93 4.97 4.72 4.76 4.83 4.68 4.70 4.77
5.86 6.60 7.73 5.86 6.55 7.62 5.85 6.47 7.54
2.99 3.34 3.42 2.64 3.08 3.25 2.39 2.91 3.11
C 3.16 3.37 3.81 3.03 3.21 3.48 2.94 3.10 3.46
5.79 6.43 7.44 5.77 6.40 7.35 5.75 6.35 7.33
3.05 3.46 3.49 2.97 3.29 3.34 2.87 3.15 3.24
D 5.25 5.37 5.40 5.20 5.29 5.32 4.78 5.23 5.27
6.71 7.30 8.26 6.70 7.27 8.17 6.69 7.12 7.34
5 n
n
A D n
n
5
n R? 0.925
SMA-13( )
n=-0.0257h +0.0897h +0.03017 —0.0066/ +1.1463 9
AC-20( )
" n=-0.02137, +0.0599. +0.02567 —0.0042) +1.8114 10
AC-20( )
n=-0.0245h +0.10017 +0.02257 —0.0045/ +2.9951 11
AC-25
AC-25( )
n=-0.6533% +0.6653h +0.07847 +0.0027V —2.7514 12
B C B
n C 1 hy cm A
B cm T V km/h
C SBS
4.3 C
ol
C=(Ya)'"” 13
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a 4cmSMA-13

+6CcmAC-20 +10cmAC-25 +38cm
c=1.0 + 2010
C =011 4 126 veh/d
C=0.02 el 5 =80 km/h
BZZ-100
5
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Fig.5 Axle load spectrum for different axle types
1000
| n=4.35
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Fig.6 Comparison of conversion results of axle load
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