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Tongji University Doctor of Philosophy Abstract

ABSTRACT

This paper is devoted to systematically developing the methodology for
stochastic dynamic stability analysis and stability control of structures.

The selection of points in high-dimensional random variate space via
ordinary numerical cubature is investigated. The apparent similarity and subtle
distinction between the ordinary cubature and probability density evolution
method (PDEM) are explored with the aid of the concept of the rank of an
integral. Meanwhile, a necessary condition and a strong condition are then put
forward to distinguish the cubature formulae by their applicability to
higher-rank integrals and the adaptability to PDEM. Several kinds of cubature
formulae, which are widely adopted in ordinary numerical ingegration, are
discussed and systematically tested for the adaptability to PDEM based on
these conditions.

A novel energetic criterion for identifying dynamic stability of structures is
proposed. The existing critiria and their limitations in practical engineering are
briefly revisited. It is demonstrated that the dynamic stability of structures not
only hinges on the structural parameters, but also relates to the characteristics
of dynamic external excitations. Great change in the structural energy must
occur when the structure is out of dynamic stability. The essence of dynamic
instability of the structure lies in the intrinsic energy of the structure is larger
than the input energy to the structure due to the variation in the motion state of
the system, where the structure cannot maintain its dynamic equilibrium states
any more. A novel criterion is then put forward accordingly. A series of
numerical results validate the effectiveness of the proposed criterion for
identifying dynamic stability of structures.

The probability density evolution equation for the probability dissipated
(PDEE-PD) system is derived. Then, the physical criterion for dynamic stability
of structures is introduced into the probability dissipated system to
quantitatively evaluate the reliability of dynamic stability. There different ways
are applied, respectively, to derive the partial differential equation that govens
the probability density evolution process of the probability dissipated system

based on the random event description of the principle of preservation of
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Abstract

probability. To obtain the stable reliability, which is the probabilistic index to
evaluate the stochastic dynamic stability state, the dynamic instability of
structures is treated as the physical triggering mechanism of probability
dissipation(the probability dissipation is regarded to be driven by the dynamic
instability and the remaining probabilities of probability dissipation is the
probabilistic information when the structure always keeps stable). Therefore, a
rational method is formulated to compute the reliability of stochastic dynamic
stability of structures. The numerical results indicate that using the advocated
method, the reliability of dynamic stability can be evaluated efficiently and
accurately. Meanwhile, the great influence of probability dissipation to the
probability evlolution process is also pointed out.

Failure probability evaluation of structures with consideration of multiple
physical failure mechanisms is developed on the basis of the probability
dissipated system. The physical mechanisms of dynamic instability and strength
failure are introduced into the probability dissipated system, whereby different
expressions of the dissipated probability can be formulated with respect to
different triggering mechanism of probability dissipation and the corresponding
PDEE-PDs can be derived accordingly. Solving the PDEE-PDs gives the
dissipated probabilities, which are the failure probabilities of different failure
mechanisms.  Consequently, the numerical algorithm for evaluating the
instantaneous time-variant PDFs with consideration of multiple competitive
physical failure mechanisms, could be developed. Numerical examples elucidate
the validity and applicability of the developed algorithm for failure probability
assessment of structural dynamic system.

The developed methodology is applied to stochastic dynamic stability
analysis of two kinds of single-layer dome structures under vertical stochastic
ground motions.

The stability control of structures, where the fractional order state feedback
control is specifically considered, is investigated in the context of probability
dissipated system. The precise integration method is extended to numerically
integrate the motion of equation with fractional derivatives, where the dynamic
responses together with the energy information are acquired simultaneously.
The probability of instability, which is of great concern in stability control, is
evaluated via the developed qualitative methodology for stochastic dynamic

1A%
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stability analysis of structures. The probability of instability in controlled
structures can be significantly reduced by adjusting the parameters of
controllers. The specific numerical investigation shows that the performance
related to stochastic dynamic stability of controlled structures can be greatly
enhanced by implementation of the stability robustness control.

In the finality, the problems requiring further studies are discussed breifly.

Key Words: Probability density evolution of structural dynamic system,
Stochastic dynamic stability, Stability function, Probability dissipated system,
Stable reliability, Failure probability, Fractional derivatives, Stability control
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