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Rut Development Law and Correction Factor of Axle Load Conversion of

Asphalt Pavement in Long and Large Longitudinal Slope
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(1.School of Qilu Transportation, Shandong University, Jinan, Shandong 250002, China; 2. Shandong Provincial Communications

Planning and Design Institute Group Co., Ltd., Jinan, Shandong 250031, China)

Abstract: The existing design specifications do not make special design provisions for pavements in long and
large longitudinal slopes, and the directly applied design specifications ignore the stress characteristics of these
pavements, which fail to guarantee pavement performance and life. In order to realize the differential design of
the pavement structure of special road sections, based on the measured dynamic modulus of asphalt mixture,
annual traffic volume, and temperature data, this paper used the self-developed temperature-axle load analysis
software to convert the real traffic volume into standard axle load. Abaqus software was used to establish a rut
model under the coupling effect of measured axle load and temperature, and the influence of long and large
longitudinal slopes on rut development law was analyzed. The results show that the increase in slope leads to a
decrease in speed, which easily causes rut disease of asphalt pavements in long and large longitudinal slopes.
Based on the rut equivalence principle, the correction factor of axle load conversion under different slopes and
slope lengths is proposed, which provides a theoretical basis for the differential design of asphalt pavements in
long and large longitudinal slopes.
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Figure 1 Typical daily temperature variation of

Shandong Province from January to December
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Table 1 Thermal property parameters of materials of each structural layer in August

R WESRE/[I %o/ WRERC/ KRS MEEk  40TE H R/ HBAR PR/
(m+h+"C) '] (kgem™*) [J-(kg+"C) '] MFa HHFe MT/C Jem?) ME/h (mesh)
AT IR AR 4680 2300 925.0 0.9 0.81 —273 2.63E+7 10.7 2.6
K e R ST B AT 5616 2200 911.7
+3E 5616 1800 1040.0
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Figure 2 Hourly traffic volume distribution on

typical days of each month(2018)
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Table 2 Technical indexes of matrix asphalt

EFAJE(25°C, Ak

MR/ WRIE/
i 5s,100g)/  #i/
cm %
(0.1 mm) C
FE T 7 1A 2 68.3 48.2  40.1(10°C)  99.60
SBS Bt i g 4t 51 77.8  30(5°C) 99.97
FAR TR 60~80 =47 =15 =>99.0

FRER A K A 2B A B R, 3 3 O 45 T JE A
B S RCE i A 7 IR —E A LT RS
B A A e A TR S A AT K A, I 3
Fe7s o 3 i R PR RE IR AL (SPT) (7 g i e AL
(UTM) 247 5 7 18 3 Rk 2l 25 85k i 78 2 404 30
E AR AFTR
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Table 3 Material gradation pass rate of surface layer

T L (mm) B9 BT 448/ %

RABER gl
37.5 315 265 19 16 132 9.5 475 236 1.18 0.6 0.3 0.15 0.075
M PR 100 100 100 100 100 90 50 20 15 14 12 10 9 8
SMA-13 A% E 100 100 100 100 100 95 62.5 27 20.5 19 16 13 12 10
HWCFR 100 100 100 100 100 100 75 34 26 24 20 16 15 12
HEC L 100 100 100 90 78 62 50 26 16 12 8 5 4 3
AC-20C GRS 100 100 100 95 85 71 61 41 30 22.5 16 11 8.5 5
ZECFE 100 100 100 100 92 80 72 56 44 33 24 17 13 7
M R 100 100 90 75 65 57 45 24 16 12 8 5 4 3
AC-25 AR E 100 100 96.8 81.7 70.6 60.8 524 33 204 145 109 7.8 56 4.3
BT 100 100 100 90 83 76 65 52 42 33 24 17 13 7
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Figure 3 Prepared specimen and test instrument
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Table 4 Elastic and creep parameters of asphalt mixture

o SRR H AL

WAk W/

Py A n m
H/MPa It
20 6754 0.25 2.290E—11 0.937 —0.592
30 3373  0.30 1.230E—10 0.862  —0.587
SMA-13 40 1536 0.35 6.020E—10 0.792  —0.577
50 794 040 6.250E—08 0.414  —0.525
60 328 0.45 1.250E—06 0.336 —0.502
20 9697 0.25 4.580E—12 0.944  —0.596
30 5615 0.30 2461E—10 0.796 —0.585
AC-20C 40 2892 0.35 3.673E—08 0.611 —0.728
50 1479 040 1.250E—07 0.368  —0.547
60 617 045 7.778E—06 0.304  —0.467
20 9561 0.25 4.590E—11 0.922 —0.581
30 4881 0.30 3.460E—09 0.859 —0.576
AC-25 40 2262 0.35 1.960E—08 0.830 —0.562
50 1036 040 1.200E—06 0.322  —0.522
60 351 045 3.760E—05 0.210 —0.418
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Table 5 Elastic parameters of base and soil-based materials
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Table 6 Pavement structure layers and

material parameters
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Figure 4 Model grid
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Table 7 Calculated values of rectangular axle load

and ground pressure

antiii] HE Y 1 IR K HEIY 9 e R
#H/kN LA/ em? i [/cm B b/cm 41/MPa
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Figure 5 Equivalent load
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Figure 6 Cumulative time and proportion of each hour

segment on a typical day in August
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Table 8 Maximum longitudinal slope values

corresponding to different design speeds

BT/ RGP/ BT/ TR/
(km+h") % (km«h") %
120 3 40 7
100 4 30 8
80 5 20 9
60 6
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Table 9 Limits of slope length under different slopes

Werz/ % Pk /m W/ % Bk /m
1 — 4 900
2 — 5 700
3 1100 6 500

W EE 80 km/h,
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Figure 7 Driving of vehicle on asphalt pavement in

long and large longitudinal slope
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Figure 8 Characteristic curve of vehicle climbing speed
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Figure 9 Comparison of rut quantity in each month
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Table 10  Design condition of long and large

longitudinal slope

A g/ TTE A U/ FRoEsE/ T
% (km-h") (km-h') %
0 80 — 6
1 80.75.70.65 65 24
2 80.75.70.65.60.55 55 36
5—10
3 80.75.70.65.60.55.50 50 42
4 80.,75.70.,65.60.55.50.45 45 48
5 80.75.70.65.60.55.50.45.40 40 54
At LA 210

12:00  16:00  20:00  24:00
i 2

0 04:00 08:00

10 SABEMEM24hEHZBESTK
Figure 10 Temperature changes of each structural layer

at each time segment in August
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Figure 11 Rut quantity at each slope at a speed of 80 km/h
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Figure 14 Distribution of rut with slope and slope length
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Figure 13 Annual deformation along depth distribution of

each slope at stable speeds
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Figure 15 Rut and cumulative rut quantities of each

slope in each month at stable speeds
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Figure 16 Relationship between rut and axle load times
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Table 11 Annual cumulative rut at different slopes and speeds

ASTR] 3 (e /b)) B B 42 4F R0 420/ mm

Yere/ %
80 75 70 65 60 55 50 45 40
1 2.8078 2.8576 29213 29918
2 2.8045 2.8559 29204 29864 3.0619 3.1490
3 2.8007 2.8538 29185 29867 3.0598 3.1424 3.2427
4 2.7964 2.8526 2.9120 29793 3.0525 3.1428 3.2408 3.3437
5 2.7944 28519 29128 29894 3.0638 3.1343 3.2311 3.3387 3.4747
F12 FREESHEKTHEHBKREBSERY
Table 12 Axle load conversion correction factors at different slopes and slope lengths
e/ TRV () B 7o il 280 460 546 1F R 88
% 250 500 750 1000 1250 1500 1750 2000
1 1.030 6 1.065 8 1.095 4 1.1250 1.143 2 1.161 4 1.1614 1.161 4
2 1.068 2 1.177 6 1.229 8 1.309 0 1.3332 1.357 4 1.357 4 1.357 4
3 1.129 0 1.288 8 1.399 2 1.4816
4 1.187 4 1.4130 1.590 6
5 1.278 4 1.6350
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£ Gt 280 0 A8 TE 2R 00, D K R NI I B 1 25 ) 5
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