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ABSTRACT

Engineering structures in service will unavoidably encounter various categories
of uncertainties. As a result, the response of structure under random excitation also
exhibits randomness. Recently. Li Jie and Chen Jianbing has been developed a class
of probability density evolution method (PDEM). The instantaneous PDF of the
response of stochastic dynamic systems and its evolution is available by PDEM. For
the last few years, efforts have been made on two aspects: (1) the response of
stochastic dynamic systems under the excitation of white noise; (2) the numerical
methods of probability density evolution equation (PDEE). There are still many
shortage of them. The PDEM of stochastic dynamic system is studied in depth.

The spectrum representation method is commonly used for Gaussian white noise
or colored Gaussian noise. This method demands hundreds of random variables,
making the solution of stochastic dynamics very cumbersome. Reducing the number
of stochastic variables will greatly facilitate the application of PDEM in stochastic
dynamic systems. Based on the previous work on the stochastic harmonic functions of
the first kind, a new stochastic harmonic function was developed in this thesis. The
similarities between the two kinds of the stochastic harmonic functions were also
identified. The power spectral density of the process represented by the stochastic
harmonic function of the second kind was proven identical to the target power
spectral density. It was also proven in theory that the process represented by the
stochastic harmonic function of the second kind is asymptotically Gaussian. Taking
the single degree of freedom system into account, the response of the stochastic
harmonic function of the second kind was investigated and the optimal selection of
frequencies was also suggested. Finally, linear and nonlinear responses of a
multi-degree-of-freedom system subjected to random ground motions were analyzed
to demonstrate the effectiveness and superiorities of the proposed approach.

Comparing to the Monte Carlo method, the computational cost of deterministic
dynamic response analysis is reduced dramatically by the PDEM. However, the
computation of the deterministic response analysis costly. Based on the particle
approximation and reproducing kernel particle method, this thesis developed the
refining algorithm of stochastic dynamic system. This method significantly improves
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the accuracy of the PDF and its evolution of the response of stochastic dynamic
system without adding computational costs.

Finite difference has been used to solve PDEE for decades, which is far from
optimal. To improve on the numerical method for PDEE, this thesis developed the
reproducing kernel collocation method (RKCM). The stability of this method was also
analyzed. The performance of RKCM was superior over the TVD scheme, as revealed
by the applications on single degree of freedom system and the multi degree of
freedom structures.

Finnaly, the main works of the thesis are summarized and the prospect of future
work is proposed.

Key words: Stochastic dynamic systems, Stochastic harmonic function,
Generalized probability density evolution equation, Reproducing kernel particle
refining algorithm, Reproducing kernel collocation method
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