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Abstract

In Xinjiang's unique climate, semi-rigid base asphalt pavements often suffer from diseases. This pa-
per suggests replacing the traditional semi-rigid base with a LSAM-53 flexible base, which is a super-
large aggregate asphalt mixture with less asphalt use and better skeleton stability. The study builds
a rutting prediction model by considering key factors causing rutting. Using a finite element soft-
ware, the simulation of the shear stress distribution of a rutting board under different wheel pres-
sures (0.5 MPa, 0.7 MPa, 0.9 MPa) and temperatures (50°C, 60°C, 70°C) shows a direct link between
shear stress and wheel pressure. Indoor rutting tests under different gradations (A, B), tempera-
tures (50°C, 60°C, 70°C), and wheel pressures (0.5 MPa, 0.7 MPa, 0.9 MPa) reveal that denser-struc-
tured gradations have smaller rutting deformations, with temperature and wheel pressure signifi-
cantly affecting rutting. Based on test data and SPSS regression analysis, an improved rutting pre-
diction model is established and corrected for driving speed, making it suitable for real conditions.
The model can predict the rut depth of the LSAM-53 flexible base within the design life based on
traffic, pavement, and material parameters, and it can also calculate the allowable dynamic stability
value to optimize pavement design, offering a scientific basis for designing and applying flexible
base asphalt pavements in Xinjiang.
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Figure 1. Contact area measurement of rutting test wheel
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Figure 2. Development of finite element model for rutting slab
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Figure 3. Finite element model meshing
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Figure 4. Load distribution contour plot of rutting slab
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Table 1. Simulation results of shear stress

1. BRI EESR

RIS (C) 4 F(MPa) IR B R 73(MPa)
0.5 0.1370
50 0.7 0.1917
0.9 0.2465
0.5 0.1370
60 0.7 0.1917
0.9 0.2465
0.5 0.1370
70 0.7 0.1917
0.9 0.2465

3. LSAM-53 SRR EM MR
3.1. FHsg

NPT A TR RS 2R )35 ke P P, AR 5 R P P A R A T 3 ) AR RO G : S BUZR T A AR E KL B,
IRIGR FH A A b, DRI 278 50°C. 60°CHI 70°C, #IEBEE N 0.5 MPay 0.7 MPa 1 0.9 MPa.
RIS RFEE (B2 3 /NSE, B 15 Bl sk —IRERCS R &, S RE 12 HEdE. KRR a T2 =
%3, HTRIEIE, SH) T ARNREE . R 2 hE T LSAM-53 ERUE L AR E A, s s
ZEK 6 Fimr.
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Table 2. Rutting test results of gradation A

2. REL A EHIKEER

W T(CC) 50 60 70

# I (MPa) 05 07 09 05 07 09 05 07 09
630 0879 0972 1.064 1015 1.116 1238 1.164 1279 1.442
1260 0962 1.107 1243 1.164 1312 1509 1378 1.534 1.765
1890 1.012 1167 1333 1224 1389 1.609 1482 1.667 1.965
2520 1.051 1206 1.383 1268 1436 1.674 1559 1765 2.104
3150 1.081 1243 1429 1309 1479 1.728 1.627 1.854 2203
Sp R R 3780 1106 1273 1467 1347 1519 1774 1680 1916 2268
AEAIE Y B (mm) 4410 1129 1302 1504 1377 1553 1811 1721 1962 2320
5040 1.150 1326 1.533 1402 1582 1.844 1756 1.998 2.362
5670 1.167 1347 1.556 1426 1.608 1.872 1784 2.031 2396
6300 1.181 1364 1.579 1441 1626 1893 1.806 2.057 2.424
6930 1.192 1376 1.597 1454 1.641 1909 1.824 2.076 2.443
7560 1202 1388 1.611 1466 1.654 1922 1836 2.089 2.458
DS (¢/min) 8182 7975 6238 7079 6702 4884 4065 3214 2266

Table 3. Rutting test results of gradation B
2 3. R B ERIABRER
wE T(C) 50 60 70

# JF:(MPa) 0.5 0.7 0.9 0.5 0.7 0.9 0.5 0.7 0.9
630 0.884 1.004  1.095 1.042 1157 1263 1209 1312 1429
1260 0992 1138 1273 1193 1353 1.544 1409 1559  1.759
1890  1.049 1204  1.368 1258 1423 1644 1517  1.682  1.939
2520 1.087 1246 1423 1307 1475 L1712 1597 1770 2.047
3150 1124 1284 1.469 1353 1524 1764  1.666  1.847  2.133
KB 3780 1159 1323 1512 1392 1566 1813 1720 1912 2204

DT I ZE R
A mm) 4410 1184 1351 1549 1425 1602 1852 1763 1959 2263
5040 1206 1376 1576 1452  1.631  1.883 1799  2.001 2312
5670 1222 1393 1.597 1472 1.651 1909  1.829  2.031 2347
6300 1236 1409 1614 1488  1.668  1.928 1851 2054 2374
6930 1249 1422 1.628 1501 1.682  1.944 1869 2073  2.396
7560 1259 1433 1.640 1512 1.694 1958  1.881  2.087 2411
DS (¥X/min) 8289 7500 5676 6429 6058 4667 3938 3580 2903
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https://doi.org/10.12677/ojtt.2025.145063

=
M
=
48

HF 127 —e—osmpal | R

1.0 4 —=— (0.5MPa
1.1 1 —eo— (.7MPa —eo— (.7MPa
o0 —— 0.9MPa 0.9 - —a— 0.9MPa
T T T T T T T T T T T T T T T T T T T T T
630 1260 1890 2520 3150 3780 4410 5040 5670 6300 6930 7560 630 1260 1890 2520 3150 3780 4410 5040 5670 6300 6930 7560
HhEE XS (KO HBEAEHIRE (KO
(a) 50°C (b) 60°C

1.1 T T T T T T T T T T

630 1260 1890 2520 3150 3780 4410 5040 5670 6300 6930 7560
HEAER RS (O
(c) 70°C

Figure 5. Variation pattern of rutting deformation for gradation A
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Figure 6. Variation pattern of rutting deformation for gradation B
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Figure 7. Relationship between predicted and measured values
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