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STUDY OF LOCAL TURBULENT WIND 
ChARACTERISTICS AND WIND vELOCITY SIMULATIONS

RÓBERT ŠOLTÝS, MIChAL TOMKO AND STANISLAv KMEŤ

Results of the analyses of in situ measured wind records with a sampling frequency of 20 hz and with 
the duration of 1 year are presented in the paper. Wind speed records were measured at Bily Kriz station 
in Beskydy by the Institute of Systems Biology and Ecology at the Academy of Sciences of the Czech Re-
public. Because a high measurement frequency for research applications was needed, wind velocity was 
measured according to the propagation speed of ultrasound signals. Records were performed by a GILL 
R3-100 ultrasonic anemometer positioned 18 m above the height of the terrain (approximately 5 m  
above the pine trees). From the annual record of wind velocities the measurement with the duration 
of 17.5 h was selected for further statistical processing. This measurement consists of 35 records of  
30 min intervals. For selected data set statistical characteristics and power spectral density functions of 
the measured wind velocity components in the longitudinal, lateral and vertical direction are calculated. 
On the basis of the experimentally measured records of turbulent wind velocities the simulations of the 
wind field histories in the individual directions were generated using the Shinozuka method and deve-
loped WindSimul program. The evaluation of their statistical and frequency properties was performed. 
The physical importance of the mathematical approach and the functionality of the developed program 
were demonstrated and proved.
Obtained statistical and frequency properties of the longitudinal, lateral and vertical component of 
the measured turbulent wind can find a wider use in the dynamic analysis and design of structures in 
similar areas.

Keywords: turbulent wind, fluctuating velocity components, in situ measurement, statistical characteri-
stics, frequency characteristics, power spectral density functions, wind velocity simulation

1. Introduction

The ever-increasing spans and heights of modern slender engineering structures result in the 
increasing significance of wind effects. 

To include nonlinearities of both structural and aerodynamic origins, a time-domain analysis 
for the prediction of the maximum dynamic response of strongly nonlinear structures subjected 
to wind loads is recommended (Chen et al., 2000). Time-domain approaches require the genera-
tion of input wind histories of multi-dimensional wind fields which can be simulated numerically. 
Wind records have shown that wind velocity can be considered as a stationary multi-dimensional 
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and multi-variate random process. Consequently, the fluctuating component of the wind can be 
quantified by statistical functions whose spatial-temporal properties in the frequency domain are 
expressed by power spectral density functions.  

Large numbers of papers which deal with such problems have been published over the last 
decades and significant progress has been made in the simulation of wind effects and in the pre-
diction of the dynamic behaviour of light-weight structures. One of the reason of wind-induced 
vibrations of slender bridges are wind turbulence forces which have a considerable power (Tesar 
et al., 2008). It is recognized that the application of different turbulence models of wind often pro-
vides different evaluations for the dynamic response of the structure (Solari and Piccardo, 2001, 
holmes, 2001). Kareem (2008) summarized a historical perspective, recent developments and 
future challenges in the probabilistic numerical simulation of wind effects. Some authors present 
the results of measurements in situ or wind tunnel tests while others investigate the problem in 
general terms theoretically, compare various models and data or study specific aspects through 
numerical experiments (Li et al., 2009). Lazzari et al. (2001) studied the modelling and simula-
tion of wind velocity by considering a stationary, multivariate stochastic process, according to 
its prescribed cross-spectral density matrix. Naprstek (2001) investigated the stochastic stability 
of movement influenced by parametric noise which is generated by the interaction of a moving 
bluff body and an air flow. hanzlik et al. (2005) presented the methodology for estimating wind 
effects based on a  database-assisted design approach. Fu et al. (2007) developed two artificial 
neural network approaches (a backpropagation neural network and a fuzzy neural network) for 
the prediction of mean, root-mean-square pressure coefficients and time series of wind-induced 
pressures acting on a large roof structure. Carassale and Solari (2002) developed an analytic ex-
pression of the proper orthogonal decomposition for a class of processes, which include models 
usually adopted to represent atmospheric turbulence.

Analyses of in situ measured wind records and generation of numerical simulations of wind 
velocity histories are presented in this paper.

2. Measurements of wind velocities in situ

Wind speed records were measured at Bily Kriz station in Beskydy by the Institute of Systems 
Biology and Ecology at the Academy of Sciences of the Czech Republic. Because a  high recor-
ding frequency for research applications was needed, wind velocity was measured according to the 
propagation speed of ultrasound signals. Records were performed by a  GILL R3-100 ultrasonic 
anemometer, which is part of a system for measuring the exchange of substances between the bark 
pocket and atmosphere. A view of the mast with the attached anemometer is shown in Figure 1. The 
sampling frequency was 20 hz and the duration of records was 1 year. The records comprised all 
three components of wind velocity i.e. in the longitudinal, lateral and vertical direction. The device 
was positioned 18 m above the height of the terrain (approximately 5 m above the pine trees) as it 
is shown in Figure 1.

From the annual record of wind velocities the measurement performed in December 2010 
(22.12.2010) with the duration of 17.5 h (1 050 min or 63 000 s) was selected for further statistical 
processing. This measurement consists of 35 records of 30 min intervals. The criterion for selec- 
ting the chosen intervals preferably required the highest mean wind velocity for an entire interval; 
approximately the same mean speeds and flow directions of a longitudinal component of the wind 
during individual 30 min time periods. 
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Figure 1. view of the mast with attached anemometer located on the mast at a height z = 18 m

3. statistical properties of the measured turbulent wind data

Fluctuating velocity components of wind were quantified by statistical functions. The velocity 
of the wind is considered to consist of a mean wind velocity component and a fluctuating velocity 
component due to the turbulence or gusting caused by the ground’s roughness. The wind velocity 
components u(z, x, t), v(z, y, t),  and w(z, z, t) can be expressed as the sum of the mean wind velocity 
components ū(z, x), v(z, y) and w(z, z),  and, the fluctuating time-dependent velocity components 
u´(z, x, t), v´(z, y, t) and w´(z, z, t) in the form

 (1)

where x represents the longitudinal direction (the along-wind direction), y is the lateral direction 
(the horizontal cross-wind direction) and z is the vertical direction (the vertical cross-wind direc-
tion) at height z.

The mean wind velocity is defined as 

 (2)

and the standard deviation σu for the longitudinal direction is

- -
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 (3)  
   

where σ2 is the variance of the wind velocity component and T  is the integration time. Turbulence 
intensities in the longitudinal, lateral and vertical direction are calculated as

  (4)

For further analyses two shorter records of wind velocity components in the longitudinal, lateral 
and vertical direction with duration of 30 min and 60 s were randomly selected from the experi-
mentally measured 17.5 h record of wind velocity data.

Statistical characteristics for the longitudinal, lateral and vertical component of the measured 
wind velocities obtained from the record with duration of 17.5 h, 30 min and 60 s are presented in 
Table 1, 2 and 3. 

Table 1. Statistical characteristics of the measured wind velocity component in the longitudinal 
direction u(z, x, t) obtained from the record with duration of 17.5 h, 30 min and 60 s and 60 s si-
mulation

statistical properties
Record Record Record simulation s1
(17.5 h) (30 min) (60 s) (60 s)

umin (ms-1) -3.9412 -3.9412 1.7837 2.7043
ū (ms-1) 6.7988 8.83 9.5945 9.5981

umax (ms-1) 20.6931 16.8189 16.1748 16.7828
σu (ms-1) 2.2409 2.3507 2.7872 2.4725
 Iu  (%) 32.96 26.62 29.05 25.7696

Table 2. Statistical characteristics of the measured wind velocity component in the lateral direction  
v(z, y, t) obtained from the record with duration of 17.5 h, 30 min and 60 s and 60 s simulation

statistical properties
Record Record Record simulation s1
(17.5 h) (30 min) (60 s) (60 s)

vmin (ms-1) -12.1888 -10.9679 -5.38 -6.4954
v (ms-1) 0.4462 -0.9125 -0.0144 -0.013

vmax (ms-1) 9.8004 9.2338 5.8121 6.1939
σv (ms-1) 1.9285 2.0579 2.1431 2.4246
 Iv   (%) 23.14 23.31 22.34 25.2711
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Table 3. Statistical characteristics of the measured wind velocity component in the vertical direction 
w(z, z, t) obtained from the record with duration of 17.5 h, 30 min and 60 s and 60 s simulation

statistical properties
Record Record Record simulation s1
(17.5 h) (30 min) (60 s) (60 s)

wmin (ms-1) -6.7436 -4.1477 -2.1691 -2.1353
w (ms-1) 1.5353 2.0497 2.1245 2.1237

wmax (ms-1) 9.9584 8.9152 6.5567 6.8957
σw (ms-1) 1.0879 1.2215 1.1756 1.4907
 Iw   (%) 16 13.83 12.25 15.5369

Time course of the experimentally measured longitudinal wind flow direction with duration of 
17.5 h is shown in Figure 2. Rosette of the relative rate of the occurrence of a longitudinal wind flow 
direction obtained from the measurement with duration of 17.5 h is shown in Figure 3. Figure 3 
gives a succinct view of how a wind flow direction was distributed at this particular location. Cour-
ses of the mean wind velocities (ū, v and w) and variances of wind velocities (σ2, σ2  and σ2 ) in the 
longitudinal, transversal and vertical direction calculated from 35 measured records with duration 
of 30 min are shown in Figure 4 and 5.

Figure 2. Time course of the experimentally measured longitudinal wind flow direction with dura-
tion of 17.5 h is shown 

- -
u v w



Róbert Šoltýs, Michal Tomko and Stanislav Kmeť

36

Figure 3. Rosette of the relative rate of the occurrence of a longitudinal wind flow direction obtained 
from the measurement with duration of 17.5 h 

Figure 4. Cour-
ses of mean 
wind velocities 
(ū, v and w) in 
the longitudinal, 
lateral and ver-
tical direction 
calculated from 
35 measured re-
cords with a du-
ration of 30 min 

Figure 5. Cour-
ses of variances 
of wind veloci-
ties (σ2, σ2 and 
σ2) in the longi-
tudinal, lateral 
and vertical di-
rection calcula-
ted from 35 me-
asured records 
with duration of 
30 min 

- -
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If the duration of the record increases the mean wind velocity in the longitudinal direction 
decreases as it is shown in Table 1 (Fischer et al., 1977). In longer records, larger extreme values of 
minimum and maximum wind velocities occur.

4. spectral properties of the measured wind velocities

The wind power spectrum statistically represents the energy distribution in a  turbulent flow 
field, which can be viewed as a superposition of eddies ranging spatially from milimeters to kilome-
ters and temporally from a fraction of a second to hours. The behaviour of turbulence spectrum wi-
thin the atmospheric boundary layer follows the Kolmogorov hypotheses in the inertial sub-range, 
which ensures spectral description to have a universal shape when scaled appropriately in a certain 
range of frequencies or wave-numbers (Li et al., 2012).

To be able to simulate realistic behaviour of structures and reliably predict their response a sui-
table spatial wind model is necessary. For a generation of such wind models the power spectral 
density functions in the longitudinal, lateral and vertical direction are required.

4.1 Spectral turbulence model of an atmospheric boundary layer – theoretical background

One of the critical features of the atmospheric turbulence in the definition of structural loads is 
the spectral description of wind velocity fluctuations (Li et al., 2012).

In the neutral atmospheric stratification (Panofsky and Dutton, 1984), the turbulence energy 
spectrum can be rewritten as

 (5)

where Au  is a non-dimensional parameter and typically equals to 0.27 (Yu et al., 2008), and f  is the 
Monin coordinate, defined as f = nz / ū  herein, (Li et al., 2012).

Measurements suggested that for engineering applications Eq. 5 provides a good estimate of 
the power spectrum in the high frequency range (f > 0.2), (Frichtl and Mcvehil, 1970; Simiu, 
1974). The following expression for wind power spectra has accordingly been advanced (Olesen 
et al., 1984)

 (6)

where f = nΛ / ū, Λ  is a length scale, which can be chosen as the height z above ground or the lon-
gitudinal integral scale Lx  at height z or a constant length over entire height; A, B, C α, β  and γ are 
six parameters, R  is the ratio between the standard deviation of the turbulence components and 
the friction velocity, which is akin to turbulence intensity and it has been referred to as turbulence 
ratio in Masters et al. (2010)

 (7)

u
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Each parameter in the universal model (Eq. 6) would have its own influence on the energy dis-
tribution and physical meaning which was investigated by Li et al., 2012).

Based on theoretical consideration, spectral models represented by Eq. 6 should meet the fo-
llowing requirements (e.g. Kareem, 1985a, 1985b; Tieleman, 1995; Simiu and Scanlan, 1996; Tamu-
ra et al., 2001):

– the spectral slope in the inertial sub-range must be considered with Eq. 5, which leads to 

αβ – γ = 2/3  (8)

– when the frequency n approaches zero, the wind power spectrum should satisfy the following 
condition

 (9)
– the derivative of Su (n) which respects to n tends to 0 as n approaches 0

 (10)

This requirement leads to α ≥1.
Accordingly, the universal wind power spectra model (Eq. 6) can be theoretically 
simplified in terms of the following four-parameter equation

 (11)

where the parameter A mainly adjusts the total energy contained in the spectrum which equals to the 
variance of the fluctuating velocity; the parameter B controls the high frequency, C primarily governs 
the low frequency part and α regulates the spectral shape to fit a „blunt“ or a „pointed“ model.

4.2 Resultant power spectral density functions of the measured wind velocities

In order to investigate the frequency characteristics of the wind velocity, the power spectral 
density functions (PSD) for the wind velocity components were calculated using FlexPro software 
(FlexPro, 2005). The discrete Fourier transformation was used to transfer the time domain into the 
frequency domain representation. The power spectral density functions were determined using the 
fast Fourier transformation. jang and Lee, 1998 adopted in their study the unit time length of 20 
minutes for each data set (run, sample), and it was still adequate. They recommended that the re-
corded time per data might extend to 30 minutes for better results. Shiau and Chen (2002) used for 
the calculation of PSD 17 records with duration of 10 minutes and results compared with the von 
Kármán’s form of spectrum equation. In our study 30 minutes lengths of each data set were used.

For each of the 35 measured records with 30 min durations, power spectral density functions 
and their average values were calculated for each discrete frequency, separately for the longitudinal, 
lateral and vertical component of wind. The average value of PSD is calculated as
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 (12)

where u*i  is the friction velocity expressed as

 (13)

and k is the von Kármán’s constant (k≈0.4). 
PSD values have been smoothed in the frequency domain using the hanning window defined as

 

 (14)

Mean values of power spectral densities were approximated by the following non-dimensional 
normalized power spectral density functions

- longitudinal direction 

 (15)

- transversal direction  
                                              

 (16)

- vertical direction  

 (17)

where f(z, n) = nz / ū(z) is a  non-dimensional frequency determined by the frequency n, the  
height z above the terrain and by the mean wind velocity ū(z), u* is the friction velocity and  
z0 = 0,3 m is the roughness length. For the investigated area with regular forest cover the height  
z above the terrain, representing the vertical distance from ground level to the position of the ane-
mometer, is replaced with an effective height of z  = 5.0 m (holmes, 2001). This represents the  
distance between the height of the anemometer and the top of the trees. 
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(b)

(c)

Figure 6. Normalized non-dimensional average power spectral density functions of wind velocities 
calculated from 35 measured records with duration of 30 min and their approximated functions in 
(a) the longitudinal, (b) transversal and (c) vertical direction

Normalized non-dimensional average power spectral density functions of wind velocities in 
the individual longitudinal, transversal and vertical direction calculated from 35 measured records 
with duration of 30 min and their approximated functions in the forms of Eq. (15), (16) and (17) 
are shown in Figure 6.

Courses of variances of wind velocities in the longitudinal and transversal direction calculated 
from 35 measured records with duration of 30 min are similar and their values   are close to each 
other from both quantitative and qualitative aspects as it is shown in Figure 5. Consequently, power 
spectral density functions   for the longitudinal and transversal direction also take values   close to 
each other as it is clear from Figure 6a and 6b. Fluctuating energy of air flow in the longitudinal and 
transversal direction has mutually close values, which may be caused by local conditions (mountai-
nous wooded terrain, orography, etc.).
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4.3 Comparison of wind power spectral density formulations

In order to compare the frequency characteristics of the wind velocity components the approxi-
mated power spectral density functions calculated from expressions Eq. (15), (16) and (17) for the 
experimentally measured records were compared with those determined according to the analytical 
expressions proposed by several authors. 

For illustration purposes, a comparison of the mean power spectral density function obtained 
from the measurement of the wind velocity component in the longitudinal, lateral and vertical di-
rection with those obtained by the analytical expressions proposed by other authors are shown in 
Figure 7, 8 and 9. From the figures it can be seen, that global courses of individual power spectral 
density functions are similar and quantitative differences can be caused e.g. by the terrain’s proper-
ties, orography and parameters for the site of measurement. The corresponding analytical expre-
ssions of the mean power spectral density functions of the wind velocity component in the longi-
tudinal, lateral and vertical direction proposed by the various authors are presented in Table 4, 5 
and 6. Davenport’s formula (Eq. (19)) has been adopted by SNBCC (Supplement to the National 
Building Code of Canada, 1990) and ANSI (American National Standards Institute, 1990). It is 
noted that this spectrum has no relation with altitude. harris’s spectrum formula (Eq. (20)) has 
been adopted by ESDU (Engineering Science Unit, 1989) and it is not a function of altitude either. 
Kaimal and Simiu’s  spectrum formula (Eq. (22)) has been adopted by NBS (National Bureau of 
Standards, 1980). It can be applied to both low-frequency and high-frequency spectrum area (jang 
and Lee, 1998). Expression proposed by Solari (Eq. (26)) is adopted in EN 1991-1- 4, 2005. In the 
longitudinal direction is the power spectral density function proposed by the authors of this paper 
is the closest to the spectrum proposed by Solari, 1993 (Figure 7a). In the lateral direction is the 
power spectral density function proposed by the authors of this paper larger in a comparison with 
power spectral density functions proposed by other authors, which are caused by specific features 
of local natural conditions.

Table 4. Analytical expressions of the mean power spectral density functions of the wind velocity 
component in the longitudinal direction proposed by various authors

Author Reference nSu(z, n)/u2
* eq.

Davenport Davenport, 1961 4 x2
1 /(1 + x2

1)
4/3 (19)

harris harris, 1971  4 x1 /(1 + x2
1)

5/6 (20)
hino hino, 1971 0,475 k2x2/(1 + x2)

5/6 (21)
Kaimal & Simiu Kaimal et al. 1972, Simiu, 1974 200 f /(1 + 50f)5/3 (22)
Kareem Kareem, 1985b 335 f /(1 + 71f)5/3 (23)
Reinhold Simiu & Scanlan, 1986 4 (nLx

u/ū)/(1 + 71.05(nLx
u/ū)2)5/6 (24)

Solari Solari, 1987 2,21 β2,
u

5 f /(1 + 3,31β1,
u

5 f)5/3 (25)
Solari Solari, 1993 6,868 (fLs/z)/[1 + 10,302(fLs/z)]5/3 (26)
Teunissen Teunissen, 1980 105 f / (0,4 + 3 f)5/3 (27)
von Kármán von Kármán, 1948 4 (nLx

u/ ū) /(1 + 70.8(nLx
u/ ū)2)5/3 (28)
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Note: x1 = nL/ū10, L = 1200m, ū10  is the mean velocity at the height of 10 m, x2 = 250nz0,42/ū,  
βu = σ2

u/u
2

* = 5.33 is the factor of turbulence intensity and Ls = 300(z/200)(0,67+0,051nz0), where z0 is the 
roughness length.

Table 5. Analytical expressions of the mean power spectral density functions of the wind velocity 
component in the lateral direction proposed by various authors

Author Reference nSu(z, n)/u2
* Eq.

Kaimal Kaimal et al., 1972 17f /(1 + 9,5f)5/3 (29)
Simiu & Scanlan Simiu & Scanlan, 1996 15f /(1 + 9,5f)5/3 (30)
Teunissen Teunissen, 1980 17f /(0,38 + 9,5f)5/3 (31)

Table 6. Analytical expressions of the mean power spectral density functions of the wind velocity 
component in the vertical direction proposed by various authors

Author Reference nSu(z, n)/u2
* Eq.

Busch & Panofsky holmes, 2001 2,15 f /(1 + 11,6f 5/3) (32)
Kaimal Kaimal et al., 1972 2f /(1+5,3f5/3) (33)
Panofsky & McCornick Panofsky & McCornick, 1960 6 f /(1 + 4f)2 (34)
Powell & Elderkin Powell & Elderkin, 1974 2,5 f /(1 + 5,47 f5/3) (35)
Simiu & Scanlan Simiu & Scanlan, 1996 3,36 f /(1 + 10 f5/3) (36)
Teunissen Teunissen, 1980 2 f 8(0,44 + 5,3f5/3) (37)

It is necessary to note, that in the standard EN 1991-1 - 4, 2005 power spectral density func-
tions for the lateral and vertical direction of turbulent wind are not available. This standard con-
tains only power spectral density functions for the longitudinal direction. That is why this study 
was done. For a detailed dynamic analysis of structures subjected to turbulent wind the spatial 
wind histories are required to obtain their realistic aero-elastic response and behaviour cha-
racteristics. For example, the most dynamic analyses of wind-excited stay or suspended cables 
are focused on the investigation of basic dynamically unstable phenomena and the modelling 
of aerodynamic forces acting on a cable which may be caused by: buffeting (from turbulence in 
the air flow), vortex shedding (from von Kármán vortexes in the wake of the cable), galloping 
(self induction), wake galloping (fluid-elastic interaction of neighbouring cables) and the inter-
action of wind, rain and cable. In these cases the adequate 3D model of turbulent wind is highly 
desirable.  

Obtained statistical and frequency properties of the longitudinal, lateral and vertical component 
of the measured turbulent wind can find a wider use in the analysis and design of structures in 
similar areas.
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Figure 7. Comparison of the mean power spectral density function obtained from the measurement 
of the wind velocity component in the longitudinal direction with those obtained by analytical ex-
pressions proposed by other authors

Figure 8. Comparison of the mean power spectral density function obtained from the measurement 
of the wind velocity component in the lateral direction with those obtained by analytical expre-
ssions proposed by other authors
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Figure 9. Comparison of the mean power spectral density function obtained from the measurement 
of the wind velocity component in the vertical direction with those obtained by analytical expre-
ssions proposed by other authors 

5. Generation and numerical simulation of wind velocity histories

5.1 Numerical method

Shinozuka and jan (1972) showed that the fluctuating velocity component u´(z, t)  of the wind 
velocity u(z, t) = ū(z) + u´(z, t) at any time t can be expressed as 

 (18)

where Su(z, nj) is the value of the power spectral density function for the fluctuating component of 
wind at the frequency nj = jΔn for j = 1,2,..., N, Δnmax/N, is the frequency step where N is the number 
of discrete frequencies from the given spectral coordinate and φj is the phase angle with a uniform 
probability distribution function that varies randomly between 0 and 2π. 

The technique for generating single wind histories using a Fourier series is based on the si-
mulation of fluctuations of wind velocities u´(z, t) (for t = iΔt where i = 0,1,000, k and k is the 
number of time steps), by the superposition of cosines of N each frequency step Δn at the each 
time step Δt. 

The frequency range nmax  in Eq. (18), which is divided into N parts, must contain all the signi-
ficant natural frequencies of the structure. In the case of nonlinear structures the frequency step  
Δn = nmax /N  needs to be small, as the natural frequencies of such structures vary with the amplitude 
of the response.
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5.2 Results of simulation

The WindSimul computational software was created in the Matlab numerical computing envi-
ronment to simulate the wind velocity components in all directions (MATLAB, 2006). 

Power spectral density functions given by Eq. (15), (16) and (17) were used for the S1 simulation 
(60 s simulation) of the wind velocity component in the longitudinal, lateral and vertical direction 
by the developed program. The power spectral density functions proposed by Solari, 1993 (EN 
1991-1- 4, 2005) (Eq. (26)) in the longitudinal direction, by Simiu and Scanlan (Eq. (60)) in the 
lateral direction and by Simiu and Scanlan (Eq. (36)) in the vertical direction were used for the S2 
simulation (60 s simulation) by the developed program.

On the basis of the random selected records from experimentally measured wind velocities with 
durations of 60 s, numerical simulations of the measured wind velocity component in the longitudi-
nal, lateral and vertical direction were determined using the created program. For the best portrayal 
of the experimental measurements by simulations the following inputs were chosen in accordance 
with the measured record: the duration of the record t = 60 s, the mean wind velocity component in 
the longitudinal direction ū = 9.5945 ms-1, in the lateral direction v = - 0.0144 ms-1  and in the vertical 
direction w = 2.1245 ms-1 , an effective height above the zero level z = 5.0 m, the terrain category III 
according to EN 1991-1-4, 2005 with the corresponding roughness length z0= 0.3 m, the frequency 
of the recording 20 hz and the frequency range from 0 to 10 hz (nmax= 10 Hz). From these input data 
the number of recorded time steps k = 1 200 and the number of discrete frequencies N = 600 were 
considered for the simulations. The simulation with duration of 60 s represents one period. 

For the number of discrete frequencies N to be chosen with respect to zero mean velocity of the 
fluctuating wind component, a random function must consequently include one period. To achieve 
one period of the fluctuating component, the number of discrete frequencies is N = tnmax.

Time courses of the wind velocity components in the longitudinal, lateral and vertical direction 
of the randomly selected measured record with duration of 60 s  and their S1 simulations are shown 
in Figure 10 and Figure 11.

Statistical characteristics of the measured and simulated wind velocity components in the longi-
tudinal, lateral and vertical direction (S1 simulation) are introduced in Table 1, 2 and 3. 

Relative rates and distribution functions of the occurrence of the measured (60 s record) and si-
mulated (S1 and S2 simulations) wind velocity components in the longitudinal, lateral and verti-
cal direction as well as their corresponding power spectral density functions are shown in Figure 12  
and 13.

A comparison of the results obtained from the measured and simulated data was presented. 
These results confirmed the required correctness of the simulated fluctuating wind velocity histo-
ries and the possibility of their further use in dynamic analyses. 

6. Conclusions

The results of the analyses of the in situ measured wind records with a sampling frequency of  20 hz  
and with the duration of 1year were presented. For each data set statistical characteristics and power 
spectral density functions of the fluctuating velocity components of measured wind in the longitu-
dinal, lateral and vertical direction were defined.

On the basis of the experimentally measured records of turbulent wind velocities the simulati-
ons of the wind field histories in the individual directions were generated using the created Wind- 
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Figure 10. Time courses of the experimentally measured and simulated wind velocity components 
in the longitudinal u(t) and lateral direction v(t)

Figure 11. Time courses of the experimentally measured and simulated wind velocity component 
in the vertical direction w(t) 

(a)
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Figure 12. Comparisons of relative rates and distribution functions of the occurrence of the measured 
and simulated wind velocity components in the longitudinal (a), lateral (b) and vertical (c) direction

(c)

(b)

(a)

(b)
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Figure 13. Comparisons of power spectral density functions of the measured and simulated wind 
velocity components in the longitudinal (a), lateral (b) and vertical (c) direction

Simul program and the evaluation of their statistical and frequency properties were performed. The 
physical importance of the mathematical approach and the functionality of the developed program 
were demonstrated and proved.

In the standard EN 1991-1- 4, 2005 only the power spectral density function for the longitudinal 
direction is available. This study offers power spectral density functions of the fluctuating velocity 
components of measured wind for all three directions. For a detailed dynamic analysis of structures 
subjected to turbulent wind the spatial wind histories are required to obtain their realistic aero-
-elastic response and behaviour characteristics.

Obtained statistical and frequency properties of the longitudinal, lateral and vertical component 
of the measured turbulent wind can find a wider use in the dynamic analysis and design of structu-
res in similar areas.

Further investigations, aimed at a deeper comprehension of the nonlinear dynamic response of 
wind-excited cables, should consider a fluid-solid coupled simulation of the cable interaction with 
the environment under the turbulent wind field and represent a future task for the authors.
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