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Rutting depth prediction based on dynamic modulus and
three-layer wheel track rutting test
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Abstract: To explore the rut deformation of asphalt mixture under dynamic load, this paper proved the correlation
between dynamic modulus indicator | E" | /sing and rut depth of asphalt mixture based on dynamic modulus test and
standard wheel track rut test of asphalt mixture. A dynamic modulus prediction model was presented containing
mix volumetric parameters and loading parameters. The rutting prediction model was established incorporating
factors as asphalt layer thickness, loading number and dynamic modulus indicator | E* | /sing using the thought of
sublayer deformation superposition and principle of genetic algorithm. Research shows that the proposed rutting
prediction model could accurately reflect the deformation law of three-layer wheel track rutting test. And the
prediction method has reference value for the study of asphalt pavement rutting at different temperature gradient

and different vehicle loading and the design of asphalt pavement.
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and rut depth of standard rutting test
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Tab. 1 Temperature of each point in specimen under different temperature gradient
ZE ) )2 SMA-13 AC-20 ATB-30

B2 J2AH N IR E /cm 0 3 7 13 18 22 24

45 43 38 31 26.9 23 20
W SIRBEE/ C

60 52.2 43.2 34.2 28. 4 24.4 20

X2 TRAFBHT=ZEXEHIEER

Tab. 2 Test results of three-layer rutting test under different conditions

A KM B %14 C %1k D 44
B 20~45 °C B 20~60 C B 20~60 C Y 20~60 C
e e #E 0.7 MPa #JE 0.7 MPa W 1.3 MPa #JE 1.3 MPa
SR H A SR H IR SR H R SRR H B
42 ¥k /min 42 ¥k /min 42 ¥k /min 21 K /min
LRSI 8 /mm 2.211 2.392 2.451 2.770

22 FEERSTEHSHERE
MR Sigmoidal PR ERL A . Witczak T fk 452 7
K Hirsch i f B % 36 4 J7 B, i SMA-13, AC- 0 20080 Terr —6.005 46VV +
20 Il ATB-30 =Fp IR Ak #IAE 5 °C . 20 °C | 40 I B
C 50 60 THE, 45K I ALK T 9 3 5 0 400 97T 4 0. 037 86 s =
B REIR IR B (U SCRR (13 1), 6 8 26588 B0 3 0- 000 48 s 70. 008 09 01 0. 183 72

_ 1.503 34 —0.004 04 p, —0.018 19 oo

1 + e(L 067 79T—1. 113 091ig f—2. 984 01
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Tab.3 Representative temperature of eachsublayer in the three-layer samples at temperature gradient 20~45 C

R VV, 9.5 mm i fL R AR pss . 4. 75 mm Gii£L
SN od . 0. 075 mm ¥ £Li# & & pzoo%ﬂég

W /em 0.5 1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10. 5 11.5
R/ C 44.9 43.9 42.9 41. 8 40. 8 39.7 38.7 37.6 36.5 35.5 34.4 33.3
W /em 12.5 13.5 14.5 15.5 16.5 17.5 18.5 19.5 20.5 21.5 22.5 23.5
WS C 323 31.2 30.1 29.1 28.0 27.0 26.0 24.9 23.9 22.9 21.9 20.9

x4 BERE220~60 CH=ZEXFHXGAZTTREERRE

Tab. 4 Representative temperature of eachsublayer in three-layer samples at temperature gradient 20 ~60 C

W /em 0.5 1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5 11.5
wE/C 58.7 55.8 53.1 50. 6 48. 3 46. 2 44. 2 42. 4 40.7 39.2 37.7 36.4
WIE/em 12,5 13.5 14.5 15.5 16.5 17.5 18.5 19.5 20.5 21.5 22.5 23.5
W/ C 35.1 33.9 32.7 31.5 30. 4 29.3 28.1 26.9 25.7 24.4 23.0 21. 6

e MEJZEEER 1 em, LUIE)ZE b s i3 B B4R S T BE R AH.
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Tab. 5 Representative compressive stress of eachsublayer in three-layer rutting samples
ZRAERAAL F L JE W Y. 1/ MPa

s = em K 0.7 MPa K 1.3 MPa
0~1 0.622 1. 182
1~2 0. 481 0. 874

Lz
2~3 0. 376 0.593
3~4 0.270 0. 438
4~5 0.182 0. 346
5~6 0.153 0. 286
6~7 0.132 0. 244

FHE )z
7~8 0.115 0.212
8§~9 0.102 0. 188
9~10 0.092 0.170
10~11 0. 084 0.156
11~12 0.078 0. 145
12~13 0.073 0.136
13~14 0. 069 0.128
14~15 0. 066 0.122
15~16 0. 063 0.117
16~17 0. 061 0.113

TH)Z
17~18 0. 059 0.110
18~19 0. 057 0. 107
19~20 0. 056 0. 105
20~21 0. 055 0.103
21~22 0. 054 0.101
22~23 0. 053 0. 100
23~24 0.052 0.098

T DO JZE e a9 B S (B A 1 T i) AR

6 ARAFHTZEXEHRXGETEHEEEE
Tab. 6 Dynamic modulus for eachsublayer of three-layer samples under different conditions
S E A/ MPa
)2 /cm

FAFE A A B At C D
0~1 5 609. 31 6 031.58 9 408. 45 8 307.19
1~2 5 062. 85 5610. 15 8 270. 16 7 300. 38
2~3 4 263.27 5253.01 6 914. 64 6 119.48
3~4 3452.28 4 691.01 6 153. 24 5471.91
4~5 2 789.09 4 014.53 5977.72 5 053.65
5~6 2 555.13 3 915.38 5 683. 99 4 845. 63
6~7 2 366. 66 3 850.79 5 485. 00 4 718.78
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B E A/ MPa

W)z /em
& A &M B &M C &M D
7~8 2 190. 99 3 777.02 5324.77 4 622.11
8§~9 2 024.18 3 713.65 5 206. 60 4 560. 07
9~10 1902. 14 3 669. 04 5 106.18 4 505. 82
10~11 2 112. 86 4 102. 81 5 139. 05 4 657.68
11~12 2 085. 37 4 109. 94 5122.79 4 674.94
12~13 2 060. 58 4 123.00 5117.83 4 703.57
13~14 2 048.51 4 133.17 5114.01 4 728.85
14~15 2 040. 41 4 145. 45 5 116. 86 4 761.13
15~16 2 032.48 4 162.08 5 124. 54 4 798. 80
16~17 2 031.92 4 173.78 5 130. 56 4 830. 39
17~18 2 031.56 4 188. 29 5139.19 4 863. 61
18~19 2 030.76 4 206.19 5 154. 80 4 906. 34
19~20 2 034. 47 4 223.76 5171. 20 4 947. 39
20~21 2 033.48 4 237.90 5 185.03 4 986. 56
21~22 2 033.01 4 252. 22 5 196. 34 5025.58
22~23 2 028. 24 4 261.67 5204. 74 5 060. 70
23~24 2 019. 86 4 263.63 5 200. 80 5 083.76
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