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Fig. 1 Three degrees of freedom spring-mass model
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Tab.1 Comparison of updating results using
four different sample sizes
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- I 10 100 1000 10000

samples  samples samples samples

mean(k;) 100 1.39 2.04 1.07 1.22
mean(k;) 100 3. 84 —3.30 —3.18 —3.16
mean(ks) 100 0.57 —1.16 0.15 0.58

std(ky) 50 —6.79 —12.18 1.25 1.28
stdCky) 50 —20.88 —6.81 —1.90 0. 86
stdCks) 50 —19.65 —4.17 —1.43 0.62
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Fig. 2 Convergence of updating parameters (10 samples)
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Stockwell transform based power spectrum estimation of
non-stationary stochastic process

KONG Fan', LI Jie*"?
(1. School of Civil Engineering, Tongji University, Shanghai 200092, China;
2. State Key Laboratory Disaster Reduction in Civil Engineering, Tongji University,Shanghai 200092, China)

Abstract: The evolutionary power spectrum density (EPSD) of the non-stationary stochastic process is
estimated via the Stockwell transform (S transform). The approach depends on the slowly varying pro-
perty of the modulating function of the stochastic process,compared to the kernel of the S transform.
This yields the phase-modified S transform of the process on a certain frequency can be viewed as a
stochastic process with the EPSD given in terms of the EPSD of the original one. Further, an equation
between the mean square value of the instantaneous S-transform and the EPSD of the process is derived.
The solution of the equation is sought by representing the EPSD of the process as a sum of squared mod-
ulus of Gaussian shape functions of the S transform on the different frequency points, modulated by time-
depended coefficients. Finally, the time-dependent coefficients can be determined by a linear algebra equa-
tion. Since the system matrix in the algebra equation only depends on the Gaussian shape function of the
S transform,the algorithm shows high computational efficiency. Both the uniformly and non-uniformly

modulated stochastic process is employed to demonstrate the accuracy of the proposed approach.

Key words: Stockwell transform;power spectrum density;stochastic process;earthquake excitation
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A study on stochastic finite element model updating

based on perturbation approach

JIANG Dong'?, FEI Qing-guo*'?, WU Shao-qing'*
(1. Department of Engineering Mechanics,Southeast University,Nanjing 210096, China;

2. Jiangsu Key Laboratory of Engineering Mechanics, Nanjing 210096, China)

Abstract: A study on stochastic finite element model updating using perturbation method is conducted in
this paper. The uncertain parameters to be updated are divided into the summation of mean value and a
deviation term based on which the formulations for the stochastic model updating are derived,two kinds
of updating equation for covariance matrix are formulated according to whether the correlation between
the updating parameters and the measurements is considered. Based on stochastic model updating
method, numerical simulations are conducted with a further study between the number of response
samples and the accuracy of the method. Results show that the statistical characteristics of the uncertain
parameters can be accurately identified though the iterations of the stochastic model updating method and
the accuracy of the updated standard deviations of the parameters are affected by the number of samples.
When the correlation between the uncertainties in the updating parameters and in the test data is
ignored, higher order sensitivity matrix is not necessary to be calculated, which lead to a lower computa-

tional effort but promise results.

Key words: finite element model;finite model updating; uncertainty;perturbation method
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