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Synopsis

The material properties of airport pavements used for the numerical analysis are determined based on
the multi-layered static linear elastic theory. This theory is not capable of considering many of the more
complicated aspects of pavement behavior as well as the loading positions. Thus, a 3D finite element
method (FEM) algorithm is needed as an analytical tool for the backcalculation of pavement layer moduli,
which can be adopted for the numerical analysis of airport pavements.

In this research, using the reduction basis method, a 3D finite element based backcalculation procedure
is firstly developed for large-scale airport pavements. Secondly, an efficient method of 3D dynamic
analysis for the multi-layered elastic systems with non-proportional damping was proposed using Ritz
vectors. It also becomes apparent that the accuracy of sensitivity analysis, which is used to inverse the layer
moduli and damping of pavements, can be improved with the increase in the number of Ritz vectors.
Finally, the dynamic response of airport pavements to moving aircraft wheel loads is investigated, and the
influences of various parameters on the dynamic response were studied. Main conclusions are as follows;
(1) The system of equations with over 25000 degrees of freedom can be reduced drastically to the system

of 10 equations without a loss of the solution accuracy.

(2) The accuracy of sensitivity analysis can be improved with the increase the number of Ritz vectors over

25

(3) The accuracy of backcalculated material properties can be held with 30 Ritz vectors, and the proposed
algorithm applied to the experimental test pavement structures gives the expected results.

(4) The longitudinal strain at the bottom of AC layer appears both the tensile and compressive states for all
wheel configurations. This phenomenon will result in the cracking of pavements.

(5) The aircraft speed slightly influences the dynamic deflection and strain at the top of subgrade. However,
it strongly influences the strain response of AC layer when the speed increases. There is a reduction of 15
percent when the aircraft speed increases from 10m/s to 40m/s.

(6) Multiple wheel configurations have a notable influence on the dynamic responses. The dynamic
deflection and strain of subgrade increased as much as 25 and 21 percent respectively when the wheel
configuration changed from tandem to tridem types. On the strain of AC layer, a complex interaction
occurs between adjacent wheel loads in the multiple wheel configurations.

(7) On the dynamic responses of visco-elastic material, it is apparent that the dynamic responses are
smaller compared with elastic ones.
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