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Abstract

Wave simulation is an important procedure for seismic analysis of engineering structure. Cheby-
shev Spectral Element Method is a kind of method to solve differential equations with high accu-
racy. Chebyshev Spectral Element Method has properties of high accuracy and high efficiency
when it is used to simulate wave problem. The mass matrix of Chebyshev Spectral Element Method
solving wave problem is consistent mass matrix which is space coupled. When it is used together
with normal analysis procedure in time domain, it is time and space coupled. In each time step, it
is needed to solve linear equations, and the efficiency is limited. In this paper, two Kkinds of lumped
mass matrixes are derived based on Chebyshev Spectral Element Method consistent mass matrix.
The math equations of the two mass matrixes are given. A procedure is given to solve one dimen-
sion wave problem. Chebyshev Spectral Element Method with the two matrixes is used in space
domain, and central differential method is used in time domain. This procedure is decoupled in
time and space domain. Numerical analysis shows that, this procedure has high accuracy, and it is
not needed to solve linear equations in each time step, so compute efficiency can be largely en-
hanced. Within the two mass matrixes, math lumped mass matrix has higher accuracy than physi-
cal lumped mass matrix.
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Figure 1. Spatial waveform comparison
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Figure 2. Comparison of displacement time history
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Figure 3. Comparison of peak relative error
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