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Mechanistic method of predicting asphalt pavement roughness using real
pavement profile and complete vehicle model
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Abstract: In order to accurately predict the development of the roughness of asphalt pavement to
determine the timing of preventive maintenance of the pavement, a mechanistic prediction method
of the asphalt pavement roughness was developed, which considers the mutual promotion
between the permanent deformation of the asphalt pavement and the dynamic loads exerted by a
vehicle. Using the vehicle dynamics simulation software TruckSim, a Convey Van vehicle model

was adopted to account the vehicle’s overturning, turning and tire characteristics. the highway
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center line was set to a straight line, and the actual profile of the center line was obtained
according to the elevation data of each point of the center line. The friction coefficient of the
pavement was set to a constant, the dynamic load applied to the asphalt pavement by a vehicle
traveling at 80 km/h was analyzed, and the equivalent conversion of the axle load was performed
according to the permanent deformation equivalence of the asphalt pavement. The layerwise
summation method was employed to calculate the permanent deformation of the pavement by the
BISAR software. Then, the permanent deformation was subtracted from the pavement profile.
Consequently, the pavement profile at the end of each year was obtained, and the above
mentioned process was repeated for each year. Based on the quarter-vehicle model, the vibrations
of the vehicle were analyzed by the transfer matrix method in which the transfer matrix and
coefficient of variables were computed. Accordingly, the international roughness index (IRI) of
the pavement at the end of each year was calculated via the VB procedure. The roughness
prediction procedures and case study were provided. The results show that the errors of the
transfer matrix and coefficient of variables are tolerable. It is possible to predict the development
of pavement roughness when the mutual promotion between the dynamic load and permanent
deformation is taken into account. The deterioration rate of the pavement roughness varies for

The

pavement profile model and the complete vehicle model are in good agreement with the actual

different pavement ages the pavement roughness deteriorates increasingly with time.

ones, the method developed in this study can accurately predict the development of asphalt
pavement roughness, which helps accurately determine the timing of preventive maintenance of
the asphalt pavement. 4 tabs, 7 figs, 25 refs.
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real profile; international roughness index; timing of preventive maintenance
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24 S8
FRA T R /mm 5000.2 438.3 200

PR LT R/ mm

4 500.,2 300,800

J L i BE /mm 1173
B PR/ mm 5 000
Hif B/ mm 1120
J& & B/ mm 1930
g B kg 5027
A48 G BE/mm 2 030
J5 56 0 B/ mm 1863
x JT R B 1., / (kg » m®) 2 286.8
v IR 1,/ (kg + m?) 35 408.7
< J5 ) e gt 1. / (kg « m®) 34 823. 2
TR A BOR S 42 9% /mm 510,265
AR A BUR DR AR VB /mm 510,265
KRN AU 1] FA R B/ mm 50,1 000
B0 I B i/ (kg + m®) 14
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Fig. 4 Elevation data of pavement
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Tab. 3 Vertical compressive stresses at top of each layer
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Fig. 7 Permanent deformations of pavement
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