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Abstract

This thesis deals with studies in stochastic FE model updating. The scope of the studies
includes developing improved stochastic model updating methods which can also identify
damping matrix variability in addition to mass and stiffness matrix variability. Initially, a
detailed comparative study of the stochastic model updating methods, namely minimum
variance methods, perturbation method, and Monte Carlo Simulation method, is undertaken
with the objective of studying their relative advantages and limitations. Samples in Monte
Carlo simulation are generated with the Normal and Latin Hypercube Sampling method. Case
study of a cantilever beam structure using computer-simulated experimental data is considered
for this purpose. On the basis of this study, a robust methodology to deal with measurement
noise is proposed by carrying out multiple modal tests on each sample, thereby allowing to

obtain an unbiased estimate of the mean dynamic characteristics for each sample.

A method that can allow taking into account any known prior information about the maximum
allowable variation in mean and covariance of the uncertain parameters is needed. This would
allow obtaining a physically meaningful updated stochastic FE model. To meet this objective,
a constrained optimization-based stochastic model updating method is proposed. In the
constrained optimization approach, any known prior information about the maximum
allowable variation in mean and covariance of the uncertain parameters is incorporated via
lower and upper bounds on the mean and covariances in the form of inequality constraints. The
performance of the proposed method is also compared with an existing perturbation method of
stochastic model updating through two numerical studies, one on cantilever beams and another

on crossed-beam structures. The result obtained by the proposed method shows that the method



is effective in identifying uncertainties in the local region as well as those existing at the

component or global level.

It is observed from the literature that though there are studies on the effects of measurement
noise on the estimates of the variability of the updating parameters, but there are no approaches
available to estimate the noise in the estimates of variabilities. If the noise can be estimated,
then a more accurate estimate of the covariance of the parameters can be found. Towards this
objective, an approach for estimating measurement noise along with identifying the variability
of mass and stiffness parameters is proposed. The performance of the proposed method is

evaluated through numerical studies on crossed beam structures.

In most of the stochastic FE model updating methods, attention is given to identifying
variability related to mass and stiffness matrices. But, in addition to mass and stiffness
variability, the damping properties of a practical structure would also have variability.
Modelling damping variability is essential for predicting the variability of dynamic response.
Towards this objective, a new perturbation-based approach is proposed using statistics of
complex modal data. The performance of the proposed method is evaluated through two

numerical studies.

For the experimental validation of the proposed methods, two experimental studies are
conducted. The first study is carried out on samples of nominally identical free-free beams.
The second experimental study is carried out on samples of nominally identical crossed-beam
structures. The results obtained from the experimental studies show that the proposed methods
are able to identify and predict the variability of dynamic characteristics associated with

samples of the structure.
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