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Mixed variable formulation for dynamic response of 3D layered road structures
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Abstract: A mixed variable formulation and the relevant precise integration method are proposed for the dynamic response
analysis of multilayered road structures. By performing the Fourier-Bessel transform, the partial differential wave motion
equation in the frequency wave number domain can be decoupled into two sets of second-order ordinary differential equations,
one for P-SV components and the other for SH components. By introducing the dual vectors of stress and displacement, the
second-order ordinary differential equation is further reduced to a homogeneous first-order one. The solution is in the form of
an exponential function. By employing the precise integration method, very high accuracy can be achieved. Furthermore, the
mixed variable formulation of the solution of wave motion equation facilitates the assembly of layers and improves the
computational efficiency. The proposed method is applicable to arbitrary distribution of loads. The computation is stable and
convenient for the computer programming. The accuracy and rationality of the proposed method are verified by comparing the
solutions with the BISAR software and the experimental results. Some numerical results are presented to reflect the deformation
characteristics and stress distribution of the road structures under the tire loads. The research results are useful for the design of
road pavement structures.
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Fig. 2 Computational model for multilayered road
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Table 1 Parameters of structural layers of model tests

ik [EIEEE/MPa  VARALL JEME/m HE/(grem?)

[14]

PEmE 1400.00 0.30 0.18 2.4
H= 689.87 0.30  0.30 2.2
JRE:Z 536.48 0.30  0.30 2.2
BRE1E 31.52 0.35 0.30 2.0
pRE2 2 33.56 0.35 0.30 2.0
PRE 3 E 36.45 0.35 0.30 2.0
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Fig. 6 Observing points for numerical calculation
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Fig. 7 Comparison of calculated vertical stresses between MVF

and BISAR3.0 program
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Fig. 8 Comparison of calculated vertical displacement between

MVF and BISAR3.0 program
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% 2 MVF 5 BISAR3.0 BF It HLARLLER
Table 2 Comparison of calculated results between MVF and

BISAR3.0 program

RE BmZIRIJ)/MPa AHWR | BB/ mm AT R
/m  MVF BISAR3.0 %/% | MVF BISAR3.0 %/%
0.00 1.063200 1.052000 1.065 |0.73601 0.7356  0.056
0.18 0.327110 0.327100 0.003 |0.66471 0.6643  0.062
0.48 0.061259 0.061240 0.031 |0.59535 0.5949 0.076
0.78 0.011146 0.011150 0.036 |0.56086 0.5604 0.082
1.08 0.007761 0.007767 0.066 |0.47439 0.4739  0.103
1.38 0.005884 0.005889 0.070 [0.41563 0.4152 0.103
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KRiFTe AEE, N u, o, B E AR R T
TR

N A ST 5 R SR 14 1 45 M AT T 3t S
HiAG g BME, w9, 10 fix, BEZEL
(MVF) 2558 53056 45 AT R )7 K i 7% 77 T 3 B —
EMRZE, 1XZT DV RAGRNN, P Bz 1 5 A
AP MT AN R . O smAE LR/ e, YIS & A BH
Je LBt B AR 1) /N AR, X ERAE T IS AR
W, EDEREA WA B A S, 2 FFA BTN
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Fig. 9 Comparison of calculated vertical stress between MVF and
BISAR3.0 program
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Fig. 10 Comparison of calculated vertical displacement between

MVF and experimental results
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displacement u,
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Fig. 14 Distribution of longitudinal displacement u, at surface of
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Fig. 15 Distribution of vertical stress o, at surface of road
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Fig. 16 Distribution of vertical stress o, at bottom of the base
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Fig. 17 Deformation of bottom of base and distribution of vertical

displacement u,
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