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Introduection

Wind speed not onlv depends on the height above the ground level,
but also on the time. Wind speed at any level within the height of buildings
can be assumed to be stationary and ergodie random process. In the analysis of
wind forces acting upon tall buildings given in paper [7] the author simulated
the generalized forces of wind by using Fast Fourier Transform. In this paper
a developed method is introduced for simulating wind speed field by using
TWO-DIMENSIONAL FAST FOURIER TRANSFORM technique. The simu-
lation of wind speed field presented here saves time of computation and gives
flexible data for the structural analysis. A numerical example is presented

to indicate the time history of simulated wind speed wave samples.

Specira of wind speed

The experimental studies on wind speed fields proved that the spectral
density function of horizontal wind speed is independent on the height above
the ground level.within heights of buildings. The SDF given by DAVENPORT [1]
is considered in this work. This spectrum was obtained from the results of
about 70 spectra of the horizontal component in strong wind. It is formulated
in normalized form which gives flexibility in simulation of wind speed field.
Eq. 1 represents this spectrum

EVi, (1 4 X343
where X = 1200 f,/ 1V, cycles/m,
k = drag coefficient,
T, = mean wind speed at 10 m above the ground level,
fi = frequency cycles/sec.

Fig. 1 shows the normalized logarithmic spectra of horizontal wind speed.
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Fig. 1. Normalized Loguarithmic Spectra of Horizontal Wind Speed

The variance of the variable random wind speed v is given by

or = | 3(fudfy =16 kTi (2)
0
The coherence is defined as the absolute square of the cross-correlation spec-
trum.

The square root of wind speed coherence which gives the moduls of the
cross-correlation spectrum between any two points lying on the wind speed
waves front is vepresented by Eq. 3.

Ry(fi) = exp

-

where z = 7.7 and 4z is the vertical separation between the considered two
wind waves.

Thus the cross-spectral density of the horizontal wind speed fluctuations
can be represented by

S(fi- 42)

P |- 222 h. (4)

=T voans NPT -
fi(L+XB)HR ‘ Vi

By taking the Fourier Transform of the two sides of the above equation with
respect to cz it vields the two dimensional spectrum of wind speed field

akX? .
S(nlt ny) = 3 TN . p (3)
AL+ X2 (it + )
where n, = fi/ Vi
ny, = fo Vi

-and f, is the wave division frequency.
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SIMULATION OF WIND SPEED FIELD
Simulation of wind waves

The wind speed field can be simulated by using the following formula

N, N,
v(t,2) =2]2aT1, 24(711. n,) cos (20 Vgt — 20 Vignes + @) (6)
1—'1 I=1
where A(ny. ny) = [S(ny. ny) dny Any]H2,

ny = (i — 1) dn,,

n, = (I — 1) _in,,
@; are the realized values of independent random phase angles uniformly
distributed between 0 and 2x. The intervals dn, and n, are obtained by
Any = 2n,,/N; and dn, = 2722” 2N, where n;, and n,, are the ultimate values
of n, and n,. respectively. Extension of the right hand side of Eq. 6 results in

N
Z A(r,. ny) {cos (27 Vi, nyt) cos 2 Vi, nyz — @) —

I=1

vt z) =2) 2

b [Mlé

— sin (27 Vm nl_t) sin 2z Vg nyz + @)}

Ny
v(t.s) = 2122 V) 3 [Bi-cos 2a Ty nyt) — Di=sin (22177, ,6)] (7)
i=t
where
B, = 2_4(71,1. ny) cos (22 Vi nyz - D) (8)
=1
D, = l A{ny. ny) sin (27 T nas — ;) (9)

I=1

Eq. 7 can be written in a complex form

v(t, 5) = 71 Vi R"[ Z(B - jD) exp (—j 2z Vy ”17)] (10)
=
where Re means real part '
or
s Nl -
v(m,z) =212z ¥V, RG{Z (Bj: + jD2) exp [—f 2= (m — 1)(i — 1);”1\";} (11)
where
t=m—1T, m=12..., N,

T = small time interval.
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Eq. 11 can be put in the following form

v(m,z) =212= I—;%ERe {F.T.(B.+jD.)} (12)
which means that the wind speed waves can be obtained by taking the Fourier
transform of the complex value (B, -4 jD.). The real part of the resulting
value is considered only. Fast Fourier transform must he used to save time
of computation. Moreover, the whole wind speed field can be obtained bv
taking the two dimensional Fast Fourier Transform.

The one dimensional FFT program given in reference [6] has been deve-
loped into two dimensional Transform. because the one dimensional FFT
program is not fast enough. The developed FFT FORTRAN PROGRAM is
given in the Appendix.

The mathematical representation of the two dimensional FET given
in the appendix is

[v(m. 5)] =2} 2:-‘% Re [F.F.T. [COM]} (13)

where [COM]is a complex matrix whose general element is (B,, — jD,,), where
t=1,2.....1 N,
m=1.2.....7N..

The values of v(m, z) for all values of m and s are generated, where z is
chosen at floor levels of the considered structure under analysis of wind
forces.

Numerical example

The method explained above was used for simulating wind speed field
of 16 waves at every 3.6 m of height. The following data were used in this

simulation
Vi = 20 msec k= 0.013
N, = 512 N, = 256
ny, = 0.16 ny, = 0,002 T = 0.12625 sec

The root mean square values of the simulated waves were as shown in Table I.

In case of Ny tends to oc the simulated waves should be Gaussian and
the variances should be of the form: 6 kT, as given by Eq. 2.

Fig. 2 shows the first simulated wave. while Fig. 3 shows the 16th
simulated wave.




Root Mean Square Values of Simulated Wind Speed

SIMULATION OF WIND SPEED FIELD

Table 1

Wave order 1 2 3 4 5 6 7 8
IS, 6.46 6.40 6.31 6.20 6.12 {  6.05 5.98 5.88
Wave order 9 10 11 12 13 14 15 16
T8 5.74 5.58 3.42 5.30 5.23 5.19 5.1% 3.15
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Fig. 2. Time History of First Wind Speed Wave
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Coneclusion

A complete method of digital simulation of wind speed field is presented.
The method is very fast compared to the previous methods. FORTRAN
PROGRAM for TWO-DIMENSIONAL FAST FOURIER TRANSFORM
WAS ARRANGED FOR solving the problem. The simulated waves can he

checked and statistically tested ensuring the accuracy of calculations.
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Summary

The stochastic wind speed field can be obtained by the following steps:

1. The two-dimensional spectrum of wind speed field are obtained by taking the Fourier
transform of its cross-spectral density function.

2. Caleculation of the elements of the complex matrix {COM] defined by Eq. 8 and Eq. 9.

3. Application of the given two-dimensional Fast Fourier Transform FORTRAN
PROGRAM on the obtained matrix.

4. The real parts of the transformed matrix give the required wind speed field.
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Appendix

SUBROUTINE FFTRAN(SIGN, T, V, NPOW, KK)
DIMENSION V(1024, 17), CS(2), MSK(13)
COMPLEX V, CXCS, HOLD, XA

EQUIVALENCE (CXCS, CS)

NMAX—=2% « NPOW

Z7="6. 283185306 = SIGN/FLOAT(NMAX)
DELTA=T

IF (SIGN) 10, 10, 5

MSE(I)=N
NN=NMAX
MM=2

DO 45 LAYER=1, NPOW
NN=NN/2

k(I 12

NWe=0
DO 40 I=1. MM, 2
II=NNx1

W=FLOAT(NW)% ZZ
CS(1)=COS(W)
CS(2)=SIN(W)

DO 20 J=1. NN
=111

1J=II—NN

DO 20 K=1, KK
XA=CXCS%V(II, K)
V(II, K)==V(IJ, K)—XA
V(1J. K)=V({1J, K)= XA
DO 25 LOC=2. NPOW
LL=XW -MSK(LOC)
IF (LL) 30. 35, 25
NW=LL
NW=MSK(LOC)+ NW
GO TO 40
NW=MSK(LOC-1)
CONTINUE

B

MM = MM s
NW=0
DO 80 I=1, NMAX
NW1=NW -1

DO 56 K=1, KK
HOLD=V(NWL, K)

IF (NWI1—I) 60, 55, 50
V(NW1, K)=V(IL, K)% DELTA
V(I, K)=HOLD  DELTA
CONTINUE

DO 65 LOC=1, NPOW
LL=NW_MSK(LOC)

IF (LL) 70. 75. 65

NW=TIL
NW=MSK(LOC)--NW

GO TO 80
NW=MSK(LOC~+1)
CONTINUE

RETURN

END
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