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Te Introduction.

The application of finlte element technique in
calculating the response of tall structures subjected to random
gust loading is presented. The work relates to the loading
parallel to the wind direction and the contribution from vortex
shedding effects is not included in the analysis,

Remponse of strueﬁured.ia evalnated by re-
placing the distributed pressure field by & suitable representa-
tiod at a discrets number of peints. The structural propertiss
are lumped in a single function called the frequency response
function and the summation is taken over the finite number of
points réther than ovet all the modes of interest. Thus thers im
no need to ewalunte the normel modes explicity. We call this
method the direct formulation technigque (ref.1), A brief
deseription of this method is presented below,

2. Direct Formulation Method

The equation of motion for a structural

system can Be wiitteh in matrix formaf as follows.

¥ z+ {1 +1g) K 2 = P(t) o oo (1)
where M = Mass matrix ¢of size n x n
K = S5tiffness matrix of siZe n x n
& = Loas factor
z = ‘'Displacement vector' of sige n x 1
P = 1‘'Foree vector'! of size n x 1

The force vector relates to the fluctuating drag pressure
of air and can be expressed as
P=t v ... (2)
where £ = C A uF
P = nr density



Coefficient of drag

= Projected Area

A
1 = Mean wind velocity component
v = Fuctuating wind veloclty component

In expression {2), the contribution from second order term and
the foree associated with rate of change of velocity have been
omitted for the sake of simplicity. A detailed discussion of
their affects is given in ref.(1)

The response croes spectral density can be
obtained from expressicn (1) by taking ites fourler transform and
nultiplying by ite complex conjugate.
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Sy, Sp, Sv, are tH& ‘cross spectral density of displacement,

pressure and velocity reapectively.

On examination of expression {3), we notice that all the
atructural properties are lumped in a single parameter H
called the frequency response function. The input spectral
density function Sp is dependent only on the loading pattern and
ingludes the appropriate correlation between loads and their

derivatives,

3. Determination of Suitable Structural EBlement Size.

In the development of the input spectral
denaity function Sp, no mention has been made about the suitable:
length of structural element in relation te the pressure
correlation. Prom expression (4), we notice that the pressure
croge spectrum 1s expressed in terms of velocity cross spectrum.
In case, we are dealing with homogenous turbulence, and assuming
a exponential type of correlation, the velocity speetrum can be

expressed as
[s,] = s, {cor] . e v s (5)

COR is the correlation mairix and its elements are given by
e~C 'ii.;

where 31 = DHMreect wind spectrum
Z = GSeparation distance between any set of arnitary
pointa

[+] Constant with a value between 6 to 8
A = Gust Wavelength
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It is obvious from expression (5), that the veleocity correlation
is dependent upon the wavelength of the gust and the. separaticn
distance Z. In order to determine the length over which the
presgure can be assumed to be fully correlated, consider the
curve shown in Fig.(1). The equivalent length can be
approximately determined by replacing the area under the shaded
curve by an equivalent rectangle and the length scale bacomes

L
L
:.x1.o=ja“°‘~z-|?~dg_ or L = 2 v o . (6)

-]

oy

Mg.1

From equation (6), we notice the relationship between the length
scale 1 and, the wavelength . We can, relate. it to various types
of correlationa as follows

3a Fu11'Correlation CREE,
The fully correlated case corresponds to

¢ = 0 i.e. non-spatially decaying cross spectral density. This
means from equation (6) that ag ¢==0 then L —oo-

(5,]= 5, [eon)

where all the elements of correlation matrix are unity, It
seems therefore that we can take a single element of any

suitable size to represent the fully correlated pressure field,

3.2 Partial Correlation Case,The size of the element depends

on the constant ¢ and wavelength %, Fora particular value of
¢, the aize is purely dependent on the wavelength. For smaller

wavelengths, we need a fine structural mesh size,

3.3 Zero Correlation Case.

In thc case of sero correlation, equation (5)
becomes
[8,}= s, [cox] forg= ©
where the diagonal elemenis of the correlation mairix are unity

and the rest are zero

Sv = 0 for z # O

Thus for z = 0 the exponentially decaying
correlation coefficient e~ Iﬁl'; would be satisiied vy setting

C=» o2 resulting in L -+, +this shows that the element size




should be as small ae possible to represent the case of zero

correlation.

In the design of tall structures subjected
to gusts, the maximum contribution to the response is due to the
fundamental mode, It means that the long structural wavelength
are being excited, Hence with the use of fewer elements, the
preassure field can be adequately represented in the cdase of zero

correlation.

4, Comparison of 'Normal Mode' and ‘Direct' Formulation
Technigues.

A comparison of normal mode ad direct
formulation féchrigue 1ﬁ‘illﬁﬁtrﬁtﬁd Ty contgtdsring a uniform
cantilever beam auﬁjected to & distributed pressure field., The
exact valupYy wmasppeomipl dEEpity B displacement is obtained
by using the normel mode approach (ref.1). In the direct
formulaticdAKE cIILGRANS A ROLDD ANPmeSIMMIEh AMliree degrees of
freodom peldSEhodH fA¥spRKWcenent, slope and curvature) is used and
the diatributed pressure field ia replaced by 'equivalent'®
nodal forces, The response is calculated by increasing the
number of elements to chech the amccuracy of the method. It ig
found that when the pressures are fully correlated, response
obtained by direot formulation technique 1s similar to the
exact solution even with the use of Z-elements, When the
correlation i1s zero, the results obtained by direct method
converge to exact solution with the increase in number of
elements. These resulis corroborate our discussion of full and
gero correlation in the previous ssction.

An example showing the application of direct formulation
technique ‘to an actiual siructure i1a given in the main paper to
be published by the Journal of Sound and Vibration.
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