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Table 1 Characteristic parameters of earthquake ground motion

soil condition o, Z,
soft soil 10.9 0.96

medium soil 16.5 0.8
hard soil 16.9 0.94
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Fig. 2 Time-varying response variances of the pipeline bending stress in 3 boundary conditions
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Fig. 3 Time-varying response variances of the pipeline bending stress in 3 soil conditions
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Non-Stationary Radom Vibration Analysis of Coupled
Pipeline-Soil Systems Under Earthquake
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Institute Co., Ltd.) , Chongqing 400067, P.R.China;
2. Department of Engineering Mechanics, Dalian University of Technology,
Dalian, Liaoning 116023, P.R.China)

Abstract. According to the non-stationary and coherent characteristics of seismic load, a fre-
quency-domain method for random vibration analysis of underground pipeline-soil structures
was proposed. The Fourier-Stieltjes integral was used to describe the non-stationary stochastic
process, and the time-dependent characteristics of the amplitude and frequency components of
the seismic load were depicted by its kernel function; the exponential decay function was used
to describe the spatial distribution of seismic load. Based on the combination of the pseudo-ex-
citation method and the Fourier analysis technique in the frequency domain, the closed-form so-
lution of the response evolution power spectrum of the pipeline-soil structure was derived under
the coherent and non-stationary random loading, and the frequency-domain relation between
the input and the output of the random vibration was established. In numerical examples, the
proposed method was compared with the traditional calculating methods, and the correctness
and validity of the method were illustrated. Furthermore, the mechanism of random vibration
behavior of the pipeline with changing soil parameters and different end constraints were stud-
ied.

Key words: amplitude-frequency non-stationarity; coupled pipeline-soil structure; random vi-

bration; pseudo-excitation method; frequency-domain method
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