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ABSTRACT

With the rapid development of our economy and the increasing improvement of
people's living standard, the urbanization progress is sharpening. In order to solve the
housing problem for more urban population, high and high-rise buildings are built in a
large amount. As is known to all, earthquakes and hurricanes are natural disasters
seriously harmful to human beings. Especially in recent 20 years our nature has
occurred many earthquakes and strong tornadoes, which has caused great damages
and heavy losses of lives and property. Since people can't in advance precisely predict
the magnitude and the property of external loads that may apply to our buildings in
the future, and the structures don’t have the ability to adapt to the varied external
loads by means of traditional design methods, therefore, it is very difficult to ensure
the safety of high and high-rise buildings when they are subject to seismic action or
strong wind action even though they are designed according to very high fortification
intensity. In recent years, the rapid development of structural vibration control
technology has helped to provide an efficient way in solving the above problem.
Hence, the research of seismic and wind vibration control for high and high-rise
buildings is a major issue confronting structural engineers. Regarding the Benchmark
model as the research subject, this paper conducts the research on active control
problem on the basis of previous studies. Main completed works are as follows:

The problem of vibration control for wind-excited tall buildings has been a key
issue that structural engineers devote to discussing and researching, which can be
easily figured out from all the previous International Conferences on Structural
Control. This paper derives a greatly simplified evaluation model through DOF
condensation and order reduction for a 76-storey wind-excited tall building. It makes
analysis the response quantities of displacement, velocity and acceleration for the
benchmark problem of tall buildings under pulse wind excitations by using different
control methods and control strategies, puts forward two different kinds of
performance criteria: RMS responses based on stochastic analysis and peak responses

based on deterministic analysis. It imposes constraints on the proposed control
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strategies, adequately designs sample controller for a comparison of RMS responses
and peak responses of uncontrolled structure, TMD controlled structure and LQG
controlled structure subject to the same wind excitations. In conclusion, some
evaluations and comparisons are also made among performance criteria and
optimization effects of various control strategies to obtain optimal control in this
paper.

Still regard the 76-story tall building under wind excitation as the object of study.
First of all, a set of equations for wind excitation are established, then the problem of
stochastic optimal control for wind-excited tall buildings by means of noise
contaminated measurement of system state is set forth. Then the stochastic optimal
control problem of partially observable system is converted into that of completely
observable system based on the separation principle. A set of dimension-reduced
averaged Ito” equations for modal energies is obtained by using the stochastic
averaging method for quasi-integral Hamiltonian system and the dynamical
programming equations for finite time-interval and semi-infinite time interval controls
are established. The optimal control force is obtained from solving the dynamical
programming equation and the responses of the uncontrolled and controlled tall
buildings are predicted from solving the system state equation. Finally, numerical
result are obtained and compared with that obtained using LQG controller. We draw a
very important conclusion that the results obtained from NSO control strategy is more

effective and efficient than those obtained by using LQG controller.

Key Words: Wind excitation; Tall Buildings; Vibration Control
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