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Fig.1 Model of Euler-Bernoulli beam on a nonlinear viscoelastic foundation
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Table 1  Properties of the pavement, foundation and vehicle
item notation value dimensionless value
Young’ s modulus E 6.998 GPa -
mass density p 2373 kg/m’® -
height h 0.3 m -
width b 1.0 m -
asphalt mixture D-12
length L 160 m -

- ky - 5.41x107
wavelength of road roughness L, 10 m -
amplitude of road roughness a 0.002 m -

linear stiffness ky 8x10° N/m’ 97.552
foundation nonlinear stiffness ks 8x10° N/m* 2.497x10°
viscous damping 1% 0.3x10° N +s/m? 39.263
vehicle body mass m; 21 260 kg 0.186 65
tire mass m, 190 kg 0.001 67
- K - 1.021 72x107*
vehicle
suspension stiffness k 2.06x10° N/m 0.841 14
suspension damping ¢ 3.0x10* N +s/m 0.131 51
speed Vv 15 m/s 0.008 74
x10° -3
8x10 n=50 810 n=50
£ 6x10 T 1 6x10°f T i
2 < n=200 £ , < n=200
ﬁ 4x10 S (V-
1 2x10 S 2x10°T
= S
0 fem 0
. s ' -2x107 : - -
70 75 80 85 90 5.0 5.2 5.4 5.6 5.8
X/m T/s

(a) X EILAENY
(a) Effects on vertical deflections

of the pavement

(b) XFZErh SR Y 0
(b) Effects on vertical deflections

at the pavement’ s midpoint

B2 Galerkin HTHECH R0
Fig.2 Effects of different Galerkin truncation orders
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10725150 B i 200 B A XHR 228 0.29x 1072 38 1] LAF H 73740 1IEAE 2801 19 % 1 4R
31, B A [ P A2 e TR S ik
1 3 ARF Y AT 2 A BR A I v i AT BB VO 4 B s B (Y S e, B AT DUE
2 V=157 m/s B 75 B i B ( f LSS XEBR AR | Y I TRl AT R 20T 9.8 rad /s, B A
FEE R R A IR 3K T2 R A 1A A 23 IR T AN P BE A R 10 m, T 9.8 rad/s Xof i AR 4
AOAFBEE R 15.7 m/s, BPILIRIG 428, DR, B0 T2 A T 3kt 3 oy ahe - L iR s S 4k
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Fig.5 Effects of different amplitudes of road surface roughness
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Fig.8 Effects of different suspension dampings
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Nonlinear Vibration of Vehicle-Pavement Coupled
System Based on High-Order Galerkin Truncation

YANG Yan' , DING Hu' , CHEN Li-qunl‘2
(1. Shanghai Institute of Applied Mathematics and Mechanics,
Shanghai University, Shanghai 200072, P.R.China;
2. Department of Mechanics ,Shanghai University,
Shanghai 200444, P.R.China)
( Contributed by CHEN Li-qun, M. AMM Editorial Board)

Abstract: The moving vehicle was modeled as a two DOF spring-mass-damper system. The
pavement structure was modeled as an elastic beam on a nonlinear viscoelastic foundation. The
nonlinear foundation and the road surface roughness were respectively assumed to be cubic and
a harmonic function. The nonlinear partial differential governing equations of the vehicle-pave-
ment coupled vibration were developed. The dynamic response of the coupled system was
solved with the high-order Galerkin truncation method in conjunction with numerical method.
The effects of different truncation orders on the dynamical responses of the vehicle-pavement
nonlinear vibration were discussed, and the convergence of the Galerkin truncation to investi-
gate the vehicle-pavement coupled vibration were determined for the first time. The study
shows that the numerical investigation into dynamical response of the asphalt pavement on soft
soil foundation needs over 150 terms.The influences of system parameters on the dynamical re-
sponse were numerically studied via the high-order convergent Galerkin truncation method.

Key words: nonlinearity; foundation beam; coupled vibration; Galerkin method; road surface

roughness
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