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Analysis of Asphalt Pavement Structure Based on Master Curve Parameters of

Dynamic Modulus of Asphalt Mixture

LIU Zhaohui'?, YANG Xin*, HUANG You"*",LIU Li’
(1. Engineering Research Center of Catastrophic Prophylaxis and Treatment of Road & Traffic Safety of Ministry of Education, Changsha
University of Science & Technology, Changsha, Hunan 400114, China;2.School of Traffic and Transportation Engineering,

Changsha University of Science & Technology, Changsha, Hunan 400114, China)

Abstract: In order to study the effect of the change in the master curve parameters of the dynamic modulus of
asphalt mixture and the interaction on the structural response of asphalt pavement, a three-dimensional model
of the asphalt pavement structure was established using the finite element method, and the structural
calculations of asphalt pavement with semi-rigid base and flexible base were carried out. The master curve
parameters of the dynamic modulus J, a, f, and y were taken as the influencing factors, and the maximum
tensile strain at the bottom of the asphalt layer and the vertical compressive strain at the top of the subgrade
were set as the response targets. The response surface model of the master curve parameters of the dynamic
modulus and the critical structural response of the asphalt pavement was established by the response surface
method (RSM), and the influence of the master curve parameters and their interaction on the critical response of

the asphalt pavement structure was analyzed. The results show that the effect of the master curve parameters of
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the dynamic modulus on the critical response of the structure is influenced by the type of response and the type

of pavement structure, and the parameter 0 has the greatest effect, followed by a. The effects of § and y are

relatively small. The tensile strain at the bottom of the asphalt layer and the vertical compressive strain of the

subgrade of the pavement structure with a semi-rigid base are not affected by the interaction between

parameters, and the interaction of parameters a and f has a significant effect on the vertical compressive strain

of the subgrade of the pavement structure with a flexible base.

Keywords: asphalt pavement; dynamic modulus; response surface method; master curve; finite element;

mechanical response
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Table 1 Two types of asphalt pavement structure
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Figure 1 Structural grid division of asphalt pavement
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Table 2 Elastic parameters of base and soil matrix

Bkt 5k /MPa HER /N4

K URRESE AT R RIESE )R ) 10 000 0.25
B AT (L) 500 0.25
YA UREE)Z) 300 0.25
13 60 0.40
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Figure 2 Comparison of theoretical solution and

finite element solution
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Figure 3 CCD model
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Table 3 Master curve parameter range of

dynamic modulus

ZH /M LI ONI
8 1.405 2.8300
a 1.495 2.7130
8 —1.246 —0.004 4
7 —0.747 —0.3650

*4 CCDMIETEER
Table 4 Response factor level in CCD

AT
—a —1 0 +1 +a
0 A 0.692 5 1.405 2.1175 2.8300 3.5425
a B 0.886 0 1.495 2.104 0 2.7130 3.3220
e C —1.8668 —1.246 —0.6252 —0.0044 0.616 4

D —0.9380 —0.747 —0.5560 —0.3650 —0.1740
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Table 5 Experimental scheme of master curve parameters of dynamic modulus

SE PR {E SEBRAH
Frs 5
0 a ¥ y 0 a s Y
1 2.8300 2.713 —1.2460 —0.365 16 2.1175 2.104 —0.6252 —0.556
2 21175 2.104 —1.8668 —0.556 17 2.1175 2.104 —0.6252 —0.556
3 1.4050 1.495 —1.2460 —0.747 18 14050 1495 —1.2460 —0.365
4 2.8300 2.713 —1.2460 —0.747 19 2.8300 2.713 —0.0044 —0.747
5 21175 2104 —0.6252 —0.174 20 1.4050 2.713 —1.2460 —0.365
6 2.1175 0.886  —0.6252 —0.556 21 2.1175 2.104 —0.6252 —0.556
7 21175 2.104 —0.6252 —0.556 22 2.8300 1495 —1.2460 —0.365
8 21175 2.104 —0.6252 —0.938 23 2.8300 1495 —0.0044 —0.365
9 2.1175  2.104 0.616 4 —0.556 24 2.1175 3.322  —0.6252 —0.556
10 3.5425 2.104  —0.6252 —0.556 25 21175 2104  —0.6252 —0.556
11 2.8300 1495 —1.2460 —0.747 26 0.6925 2.104 —0.6252 —0.556
12 1.4050 1.495 —0.004 4 —0.365 27 1.4050 2.713  —0.004 4 —0.365
13 1.4050 1.495 —0.004 4 —0.747 28 21175 2104 —0.6252 —0.556
14 2.8300 2.713 —0.004 4 —0.365 29 1.4050 2.713  —0.004 4 —0.747
15 2.8300 1495 —0.0044 —0.747 30 1.4050 2.713 —1.2460 —0.747
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Table 6 Tensile strain at the bottom of asphalt layer 10°

BTV o R S TR BITRYS CERMERR FEEL
1 5.907 47 11.894 80 16 0.922 18 92.834 9
2 5.695 95 62.821 30 17 0.922 18 92.834 9
3 —18.415 10 147.127 00 18 —19.290 80 144.6310
4 5.184 68 9.428 05 19 7.850 97 24.5875
5 —3.196 17 108.739 00 20 —1.123 27 98.951 3
6 —17.536 10 148.662 00 21 0.922 18 92.834 9
7 0.922 18 92.834 90 22 5.963 94 60.669 0
8 3.140 04 80.146 20 23 0.674 66 94.173 2
9 —12.326 20 143.760 00 24 7.888 52 25.1651
10 5.558 84 10.639 00 25 0.922 18 92.834 9
11 6.587 69 55.156 60 26 —21.681 60 120.711 0
12 —21.748 90 119.569 00 27 —14.609 60 148.453 0
13 —21.112 30 130.376 00 28 0.922 18 92.834 9
14 8.037 89 36.065 50 29 —10.136 60 137.056 0
15 2.961 45 81.223 90 30 2.080 53 86.3819
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Table 7 Vertical compressive strain on the top of subgrade 10°
BT o NIV FAEHEZ BT o NP HE R EiE 9
1 —34.9423 —58.659 7 16 —75.254 0 —161.8650
2 —61.521 5 —139.401 0 17 —75.2540 —161.8650
3 —116.193 0 —228.509 0 18 —117.741 0 —233.628 0
4 —32.198 4 —50.4251 19 —43.850 1 —90.051 2
5 —82.876 0 —172.042 0 20 —78.147 6 —165.829 0
6 —114.3210 —223.0380 21 —75.254 0 —161.8650
7 —75.254 0 —161.865 0 22 —60.559 3 —137.469 0
8 —69.365 5 —153.1610 23 —75.8837 —162.7410
9 —102.801 0 —199.272 0 24 —44.161 7 —91.179 8
10 —33.624 3 —54.591 0 25 —75.254 0 —161.8650
11 —58.102 8 —132.2220 26 —123.152 0 —258.175 0
12 —123.296 0 —259.0330 27 —107.696 0 —207.8910
13 —121.699 0 —250.236 0 28 —75.254 0 —161.8650
14 —49.524 2 —109.4130 29 —98.091 6 —192.120 0
15 —69.860 4 —153.934 0 30 —72.2418 —157.540 0
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Table 8 Analysis of variance for regression model of tensile

strain at the bottom of asphalt layer

i 2 I 2 2 TP
F-value  p-value F-value p-value

T 29.64  <<0.000 1 35.36  <C0.000 1 Significant
Ao 80.05  <C0.0001 92,59  <C0.0001

Ba 27.51  <<0.0001  34.82  <<0.0001

CB 9.89 0.0042  12.77 0.001 5

Dy 1.12 0.300 7 1.26 0.272 4

R’ 0.8259 0.849 8

Cy 1.569 2 0.206 9
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Figure 4 Perturbation curves of tensile strain at the

bottom of asphalt layer
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Table 9 Analysis of variance for regression model of

vertical compressive strain on the top of subgrade
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Figure 5 Perturbation curves of vertical compressive

strain on the top of subgrade
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Figure 6 3D response surface plots for asphalt pavement with flexible base
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