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The Lumped mass Chebyshev spectral element method for
seismic response analysis of horizontally layered soil sites

Wang Jingxiong” Li Hongjing"* Xing Haojie”

1) Engineering Mechanics Institute, Nanjing Tech University, Nanjing 211816, China
2) Institute of Geophysics, China Earthquake Administration, Beijing 100081, China

Abstract: A time-domain high-order explicit method for the seismic response analysis of hori-
zontally layered soil sites is proposed. The upper soil and bedrock are discretized by several
Chebyshev spectral elements. The multi-transmitting artificial boundary is set at the bottom of
the model. The Chebyshev orthogonal polynomials are employed for establishing high-order
element displacement field. By means of the Gauss-Lobatto quadrature, the lumped mass matrix,
which has diagonal form, for the Chebyshev spectral element is rigorously derived. Combined
with the central difference time-stepping scheme, an efficient lumped mass Chebyshev spectral
element method for simulating wave motion is constructed. Earthquake records obtained from
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different kinds of sites provided by the Kik-net strong earthquake network are used to examine
the validity of the proposed method. This method overcomes the shortage in efficiency of con-
ventional Chebyshev spectral element method resulted from having consistent form of mass matrix.
Numerical results show that the proposed method can give reasonable prediction on the ground
motions of I, II and IV type sites under weak or moderate earthquakes, and good accuracy
can be achieved only by deploying a small number of elements per wavelength.

Key words: horizontally layered soil sites; seismic response analysis; lumped mass; Cheby-
shev spectral element; explicit method
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Fig. 5 Ground acceleration response histories of four stations under ground

motions with different intensities

(a) Weak ground motions; (b) Moderate ground motions; (c) Strong ground motions
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Table 3 Comparison of computed PGA and recorded PGA for the stations
under ground motions different intensities

b F SRS B M B iR )
[ERIEAN
5 PGA/g SLMPGA/g 4 PGA/g SMPGA/g 5 PGA/g SMPGA/g
TCGHO8 0.090 0.065 0.142 0.145 0.226 0.204
MYGH10 0.066 0.067 0.154 0.156 0.240 0.235
KMMH14 0.121 0.083 0.227 0. 144 0.369 0.228
IKRH02 0.082 0.084 0.102 0.104 0.329 0.227

4 AFSEE R SRR T 4 5 5 PGA UKL

Table 4 Amplification factors of PGA for the stations under ground motions different intensities
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Fig. 6 Ground acceleration response spectra of four stations under ground motions with different intensities

(a) Weak ground motions; (b) Moderate ground motion; (c) Strong ground motions
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