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Chapter 11 Alongwind random vibration response of
structure
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11.1 the equation of motion of structure under fluctuating wind
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B Downwind wind pressure acting on the structure can be
divided into mean wind and fluctuating wind. The mean
response under mean wind action, x(t) is calculated by static
method.
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B The fluctuating response variance g, is determined by
random vibration method

B ZFigrh SR, Total structural response :

X =Xx+go,

IUFRgAEERF ( peak gust factor )
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11.1 the equation of motion of structure under fluctuating wind

B The equation of motion of structure under wind loads:
(M1} +[C] (0] +[K ] {x(0)} = F(ty{x(0)] s (0] 50D
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mrERIB ™. The right of the equation includes the
fluctuating wind load on the structure and the self-excited force
produced by the structural motion.
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Although the structural system is considered to be linear,
because of the influence of self-excited force, the equation
itself is non-linear. The difficulty to solve the equation is the
uncertainness of the right of equation
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11.1 the equation of motion of structure under fluctuating wind
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Studies shows that: self-excited force may be considered by
way of aerodynamic damping. generally the structural

damping ratio superimposed on the aerodynamic damping
ratio, so the structure of the equations of motion:

[M [{50)] +[C[{x} +[K]{x(0)} = { p(0);
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When solving the equation in the time domain, the right of
the equation is the time history of wind load. When solving it
in the frequency domain, the right of the equation is the
spectral density function of fluctuating wind loads.
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11.1 the equation of motion of structure under fluctuating wind

(M [50); +[C )] +[ K i)} = 1 p(0)]
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Solution in Time domain : Time-history analysis, time -
history analysis based on modal decomposition
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Solution in frequency domain: random vibration analysis
of MDOF system, and frequency domain analysis based
on modal decomposition
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11.2 time-history analysis of the equation of motion

B2 # Time history analysis
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It is also known as direct integral method, actually an
numerical methods

I ERERINEELENERES AR 27 there are
different time history method based on the assumption
of acceleration variation:

® linear acceleration method

®Wilson-0 method

®Newmark- method

®Rang-kuta method
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11.3 frequency domain analysis of vibration response of
structure under downwind fluctuating wind
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11.3 frequency domain analysis of vibration response of
structure under downwind fluctuating wind
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11.3 frequency domain analysis of vibration response of
structure under downwind fluctuating wind

B EFIRE SRR /5% Frequency domain method
based on modal decomposition:
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By using modal decomposition , decouple the MDOF
equation of motion of MDOF system into n number of
equations of motion of SDOF system
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Solve SDOF equation of motion using frequency domain
method

( 3) RASNNFEERREINE,
superpose the solutions of SDOF system to obtain the
solution of original structure.
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11.3 frequency domain analysis of vibration response of
structure under downwind fluctuating wind
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11.3 frequency domain analysis of vibration response of
structure under downwind fluctuating wind

diag () {§(0)} +diag(2¢ o) {0} + diag(?) {q(1)} =[®] {p(1)}
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11.3 frequency domain analysis of vibration response of
structure under downwind fluctuating wind

(EfEImRHREZE Standard deviation of displacement response
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11.3 frequency domain analysis of vibration response of
structure under downwind fluctuating wind

(EfEImRHREZE Standard deviation of displacement response
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11.3 frequency domain analysis of vibration response of
structure under downwind fluctuating wind

(0% )= [@][H()][@] [S,(@)]|[®][# (@)] [@] do
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[o?]=[ [o][H@)][®] | S, (o) |[®][# (@)] [®] de
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11.3 frequency domain analysis of vibration response of
structure under downwind fluctuating wind
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The accuracy of the approximate solution by modal displacement

method depends on the selection of vibration modes {@,} ( /=1,

...m) . There will be large error when the superstitious modes are

insufficient.
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The size of error depends on whether the system can excite the

excluded higher modes and whether the higher modes can

produce large vibration.
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For high-rise buildings, it is enough to just consider the first mode.



