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Properties to gust spectra with applications to wind loading codes
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ABSTRACT: From numerous proposals for the spectral density of along-wind gustiness this paper selected the
s by Davenport, Solar and von Karman. Atention is pid to thei spectral density functions,t the notion of
cut-olt frequency and integral scals of urbulence. A sensiivty sudy is pecformed 10 study the influcnce of the
terman roughness,the reference velocity and the height above the terrain
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This paper contains & comparative study of the
spectral density functions and _ autocorrelation
functions of Davenport, Solari and von Karman for
along-swind gustness and peak factor for caleulating.
the largest extreme value of velosity pressure.

‘Bardwidth measure after Longuet-Higgens
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2 POWER SPECTRAL DENSITIES FOR fxy
ALONG-WIND GUSTINESS

Zerouperossing e
From numerous proposals for the spectral density !

of along-wind gustiness: Karman (1948), Panovski B
A

(1964). Davenport (1967), Harris (1968), Flicht
(19700 Kaimal (1972), Simiu (1974,1975), ESDU
(1976, 1985). Naito (1978, 1983). Kareem (1985).
Solari (1987,1993) were sclected that of Davenport, | Peak factor
Solari and von Karman. In characterizing wind
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wrbulence, the length scales of trbulence play an e
important role. The length scales of turbulence are By
 comparative measure of the average siz of a gust i

in appropriate directions and are important scaling
factors in determining how rapidly gust properties | Standard deviation of the peak factor
vary in space. Two different length scales of

wrhulence were selected: the length o the incgral o
scale of urbalence from Couniham, used by Solari
for ECI (denoted by L) and the lengeh of the
integral sl of urbulence afer ESDU (denated by
L5, Some important variables used in wind
engincering are given in Table 1. The formulac of
both the spectral densites and the length scales of
wrbulence are summarized in Table 2
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3 CUT-OFF FREQUENCY

Calculating spectral moments and peak factors are
done in most cases numerically. A question of
importance is the choice of integration interval and
in particulr the cutoff frequency. It appears hat
the choice of the cutoff frequency is cxtremely
sensitive in the calculation of the above given
parameters. If we study for example the influence
on the mean peak factor (using a Davenport wind
spectrum), we sce the following results

“Table 3. The mean peak factor s a function of the
cut-off frequency in a Davenport wind spectrum of
along wind gustiness.

Cutofffrequency. | Mean peak
(arsomy factor

10 Hz 2m
L5101z 271
0 32
e 367

4 COMPARISON OF SPECTRAL PEAK
FACTORS.

“The spectral peak factor o the three different spectra
were compared. The comparisons were made at
different heights (=10 and 150m), diffrent terrain

roughnesses (7 = 0.05 and 0.3m), for different
reference velacities (V. = 20 and 40m/s) and
different cut-of frequencies. The results of these
‘comparisons are given i tablcs 3a-b. The Couniham
scaleof turbalence length L, was chosen in the von
Karman spectrum,

‘The main conclusions from the tables 3a and 3
are:

) The ¢ and o, parameters are almost insensve
for changes in the reference. velocites, cut-off
frequencies, height and terrain roughness, The ¢
value keeps close 10 1; the o, stays between 0.42
and 0.47.

i) vy is extremely scrsidve for a change in the cut-
off frequency. The reason for this is tha except for
the 7 spectral momen, al other spectral moments
are divergent. In the definition of v,, we have the
24 moment o divide by the 0 moment (a const.).
16 we increase the cutoff frequency, the v, will
increase  consequently.  Spectral | handwiduh
measures. like ¢ and q, don' show this behaviour
because the divergence of the spectral moments
compensate eachother.

The peak factor is an_ increasing function
especially of the cut-of fequency and the eference
velocity; and consequently also of the height sbove
the ground.

) There s not so much sensiivity to the
roughness o the terain on the different parameters,
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) Eurocode 1 proposes a peak factor of 3.5. I
narmally corresponds o the mean plus one standard
deviation peak factor. The mean part of the peak
factor can be obtained artificialy high (for instance.
14,20, by increasing the cut-o frequency.

5 AUTOCORRELATION AND INTEGRAL
SCALE OF TURBULENCE.

The autocorrelation function i related with the
spectrum in the following way.

R [0, mwoszrciin

In Figure 1, the autocorrelaion funcion is shown
for a Davenport, Solai and Von Karman spectrum

e

(with ESDU turbulence length) with v, =20ms
10m height in open country (z=0.05).

The integral of the autocorrelation function i the
integal time T,

1

It follows that the integral scale of arbulence L, is
the product of the integral time T, and the mean
flow velocity. The integral scale of trbulence is a
‘measure of the overall size of the large eddics. In
his paper we have distiguished 2 different incgral
scles of turbulence: Couniham and ESDU.

1) L) = 300G/3000 0749,

2 L0257 g0

In Figure 2 acomparison is made of these different
integral scales of urbulenee.
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Figure 2. Integral scales of trbulence.

6 GRAPHICAL ANAL

SIS OF THE SPECTRA

“The following table forms the basis of this section

“Tabel 4: Spectrum parameter x=nlL/V for different heights above the ground and
integral scale of turbulence (Couniham and ESDU)

Lo
(m)

Norice the big difference in the spectral parameter for diffrent integral sales of rurbulence.
Using ths able, we can easily examine thediffrences in the spectra due 10 the hight abov the ground andor
the choice of the turbulence length. Thrce igures are included n this paper.

“Table 5. Sensiiviy analysis
Hicrarchy
In his paper we have cxamined the sensitvity of | RS [0 T T
the peak factor for the velocity pressure as 4
function of reference velocity, cut off frequences,
height above the ground and terrain roughness
Especially the cutoff frequency appears 1o be a
very important parameter. Furthermore the |
seasitvity of the choice of the integral scale of
wrbulence length on the spectral densitis has been
cxamined with the following hicrarchy for the
higher frequency zones (D is Davenports, § is |5
Solar's and K is von Karman's spectrum):

7 CONCLUSIONS.
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Figure 5: ,=0.05 open counry), v, = 30mys
(6ol i), Solart spectrum with ESDU
turbulence length (doted lin).

The integral scale of wrbulence length appears (o
be a very important parameter in the ordening of
the spectral densities
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