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ABSTRACT

The wind action and response of towers and masts to turbulent wind are described in the paper. The results of
full-scale measurements carried out on one tower and one guyed mast are presented. The measured
characteristics, especially the power spectral densities of the wind velocities and the structure response, are
compared with theoretical presumptions. The measured structures are situated in different terrains.
Subsequently, a practical method for the theoretical evaluation of the structure response to turbulent wind is
proposed. The method, based on the spectral analysis approach, takes into account the contribution of all
significant mode shapes. The method can be used for a wide range of towers and masts, especially for those

which do not meet EN standards criteria for commonly used equivalent static methods.

Keywords: Full-scale measurement, tower, mast, spectral analysis, simplified spectral analysis

1. INTRODUCTION

The paper focuses on wind loading and the
theoretical determination and measurement of
structure response. The different methods for
theoretical analysis were studied particularly with
respect to their practical application with new
European standards. The measurement was used to
compare theoretical and measured responses as well
as to investigate the suitability of the wind
characteristics ~ recommended by  European
standards, especially for the region of the Czech
Republic.

The authors carried out several full-scale
measurements on towers and masts in recent years
in the Czech Republic. The first measurements were
performed with the aim of determining the proper
dynamic characteristics of the structures, the
efficiency of dampers and/or local wind
characteristics for the more accurate assessment of
existing TV broadcasting towers and masts. To
obtain relevant and more general conclusions, the
full-scale measurements were extended in the
second phase. More sensors were installed for
longer periods. These measurements and research
are realized with support from the Ministry of
Industry and Trade of the Czech Republic. The
main goal of the measurements is to collect data for

evaluating wind properties in the Czech Republic
and to compare the theoretically expected behaviour
of the structures with the measured behaviour. Two
measurements are described in the paper.

2. THEORETICAL ANALYSIS

The wind action and also the structure response
have a strong random character caused particularly
by wind turbulence. The properties of the wind and
the structure response are therefore advantageously
described using statistical variables and statistical
functions in the frequency domain such as the
power spectral densities and the coherence function.
Subsequently, the theory of stochastic processes is
used for the theoretical evaluation of the structure
response [1].

The wind velocity and, similarly, the structure
response are usually divided into the mean and the
fluctuation component, which is expressed using
the standard deviation. For the maximum values of
the fluctuation component, the peak factors are
derived [2]. This can be written for wind velocities
as

vmax(z)z vm(z)+ vﬂ(z): vm(z)+ k,-o, (D)
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where v,,,. and v,, are the maximum and the mean
wind velocities, o, the standard deviation and %, the
peak factor of the wind velocity. Similarly for the
response it may be written

e (2) =, ()4, () =u, () +k, - 0,(z) ()

where u,,,, and u,, are the maximum and the mean
response, o; the standard deviation and k, the peak
factor of the structure response.

The mean component of the structure response can
be solved by static calculation. The fluctuation
component results from statistical analysis, detailed
description, e.g. [3]. The standard deviation can be
determined as

o, = IS (f)-df (3)

where S, , (f)is the power spectral density of the

response and f stands for the frequency. The peak
factor is defined as

0,5772
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where T is the integration period of random process
and v the up-crossing frequency expressed by Eq.
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where P, represents the standard deviation of the
background response and “o;, of the resonant
response of £ mode shape.

The simple expression is used for the response
power spectral density determination:

S (1) = 2 X oy ) Ho )+ Sp () (6)

The function S,, (f) represents the power

spectral density of the fluctuation response in point
I and S, (f) is the power spectral density of

fluctuation load of points i and j. H, F,-(if )is the
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frequency characteristic describing the relationship
between random load F; (in point i) and the

response u; (in point /). H, . (if) stands for the
complex conjugate of H, . (if) . The power
spectral density of load is determined as

SF,-Fj (f) = pz Vi Vi Cwi Cw,j 4 A, Zz(f)
)8, ()-8, () -coh () (D)

where p is the air density, v,,; and v,,; the mean
wind velocities in points i and j, the product c,,;4;
the wind drag in point i, y;(f) the aerodynamic
admittance for projected area appropriate to point i.
S, ( f ) represents the power spectral density of the

wind velocity in point i and coh;;(f) the coherence
function for points i and ;.

Decomposition into the mode shapes method can be
used to derive the frequency characteristic functions
[3], which can be then written as

bei O
) — . -/ 8
H“iP/(lf) Zk:mk‘47[2(fk2_f2+2i§kfkf) ( )

where m

, means the generalized mass, f, the

h
natural frequency, ¢ the damping ratio of kt
mode, ¢ _ and ¢kj are the mode shape values in
points i and j.

3. SIMPLIFIED THEORETICAL ANALYSIS

The simplified methods are mainly used in design
practice. The dynamic problem is mostly converted
to a static one using the dynamic or gust factor. The
quasi-static or equivalent static methods are used in
many standards, including the Eurocodes and
TIA/EIA. These methods are sufficiently accurate
for most towers and masts. But very slender ones
and/or structures with atypically distributed masses,
structure rigidity or wind drag should be analyzed
using more exact methods. The full spectral
analysis described in the previous chapter or
analysis in the time domain, see e.g. [4], can be
used. Alternatively, other simplified methods are
also available and suitable in these cases, namely
the method using influence lines proposed by
Davenport, described in e.g. [5] or the other
approaches, for example [6, 7]. These methods were



studied with the aim of finding the most suitable
approach for the practical design of the structures in
accordance with the EN standards requirements and
wind characteristics.

Subsequently, another variant was proposed and is
presented in this paper. This approach follows the
main principles of the Davenport statistic method,
but takes advantage of the current software used in
design practice, e.g. the possibility of determining
deflections as well as the internal forces of mode
shapes. An alternative simplified solution of the
standard deviations of the background and the
resonant components of response is suggested [8].
Ordinary software used in engineering practice is
sufficient for their evaluation. The approach is
harmonious with new EN standards and can be
useful and practical for some kinds of structures.

The following commonly used simplifications were
applied for the derivation of this approach. The
background and the resonant response are solved
separately. The resonant response appropriated to
certain mode shape is analysed for the constant
power spectral density of load. The low damping of
the structure is assumed. The background response
caused by variable action without influence by
inertia forces of resonant vibration is solved using
static calculation with regard to the fact that this
part of the response represents “slow” motion of the
structure.

3.1 Standard deviation of the resonant response

The standard deviation of the resonant response
related to £ mode shape, denotedRO'k , 18 stated as
directly proportional to the mode shape ¢,

o =4, & ©)

Parameter g, is derived as

R

ZZ@J '¢k,j 'SF,F/ (fk)J (10)

1
% :[64%3 mi-fETS
where “&, is the standard deviation of the resonant
response of k™ mode, m, is the generalized mass, fk
stands for the natural frequency, ¢ the damping
ratio of kth mode, ¢k,l_ and ¢k,j are the mode shape
values at points / and j, S, (f,) implies the spectral

density of fluctuation load in points i and j defined
by Eq. (7).

This follows directly from Egs. (3, 6 and 8) when
the constant load power spectral density is assumed.
Then it can be written

1
64-7[3-m,f-fk3-§k

‘ol = IS (f)-df = ¢, (

22 b b Ser, (f»} (11)

where Rak “ is the standard deviation of the

resonant response in point / appropriated to "
mode shape, and *g, , is value of K" mode shape in

point /. The expression in the parentheses is a
constant number for the given mode shape and can
be made equal to the square value of the desired
parameter q;. The parameter is the same for both the
deflections and internal forces and may be used for
scaling the dimensionless mode shape to the
resultant shape of the standard deviation of the
resonant response.

The described evaluation of the resonant part of the
response can be used for towers as well as for
guyed masts (if resonant vibration around a mean
equilibrium position of the masts is assumed to be
linear).

3.2 Standard deviation of the background
response

The standard deviation of the background response
is determined using static calculation for loads

Fy, (2)=F,(2)-2-1,(z)-/B*(h.b) (12)

where z is the height above the ground, /, the
intensity of turbulence, F, the mean load and
B’(hy,b,) is the background factor according to [9]
for the height and width of the part of the structure
impacted by wind gust. Eq. (12) is implied from
equation (6.2) in [9] and respects the lack of full
correlation of the wind load on the related part of
the structure.

Generally, several load cases with different load
location and its length should be applied to obtain
maximal values of the background response in all
members and levels of the tower. The most accurate
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results will be obtained if an individual load case is
taken for each elevation at which assessment is
required. These load patterns are depicted in Fig. 1.

—
— T
o
4.‘_)/.‘_){.‘j.‘

—
A,
w4

Figure 1: Example of load case group for background
response determination of tower according to Eq. (12)

A comparative analysis proved that if only one load
case is considered (load on the whole height) in the
case of ordinary towers with a height of about 40 m,
the inaccuracy of the total response will be less than
3% in comparison with the response calculated
using a full group of the load cases according to Fig.
1, see [8].

The described evaluation of the background part of
the response is suitable for towers only. The
background response of the guyed mast should be
determined using the patch load method [10, 11]
with appropriate peak factors. The patch load
method can be used for the evaluation of the
background response even in the case criteria for
the overall response determination using this
approach are not met, see [11]. When Egs. (9, 10)
are used for the resonant response and the patch
load method for the background response of guyed
masts, it is possible to analyse a wide range of
guyed masts which do not meet the criteria for
equivalent static methods in accordance with EN
standards recommendations and requirements.

For the guyed masts that do not significantly meet
the patch load method criteria or for the
investigation of the background response an
alternative solution of background response
determination can be used in a similar but more
complex manner as for the towers. The group of
load patterns is used for nonlinear static loading of
the mast. Nonlinear behaviour of the structure is
thus respected for the evaluation of the background
response, which is an advantage compared to linear
analysis in the frequency domain. On the other
hand, many load cases must be taken into account
for relevant response determination. The numerical

110

simulation of wind load is advantageously used for
the generation of load cases. Examples of two
simulated load cases are depicted in Fig. 2. The
numerical simulation method, e.g. according to
Iwatani, can be performed [12]. The Iwatani
simulation proves to be very effective, with very
good agreement between the simulated and required
wind turbulent characteristics. The background
response of the structure is subsequently solved
using nonlinear static analysis for all load cases
composed of the mean wind load + simulated
fluctuation load. Thus, the approach is analogous to
analysis in the time domain, see e.g. [4]. But only
nonlinear static analysis is used and there are much
fewer requirements for the mathematical modelling
of the structure and calculation. The difference
between the results of static and dynamic time
domain analysis is apparent in Fig. 3. The resultant
background part of the response is then stated as the
difference between the resultant total response and
the mean wind response.
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Figure 2: Example of two load cases for background response
determination of guyed masts. Fluctuation wind pressure is
depicted (without mean wind component)
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Figure 3: Example of the response to simulated wind
action. Green points are the results of the static
calculation of load case series and represent the

background response component. The blue line is the

result of the time domain analysis for the same load time
history and represents the overall fluctuation response of
the structure

The total number of load cases corresponds to the
time integration period. For example, for a ten-
minute period and simulated load cases for each 0.2
s, 3000 load cases will be taken into calculation.



The analysis should be done for several simulated
groups of load cases and the resultant maxima,
minima or standard deviations of the background
response are stated as average values of maxima,
minima or standard deviations of these groups of
results.

3.3 Standard deviation of overall response

Finally, if the standard deviations are known, the
overall response is determined according to Eq. (2)
for the total standard deviation of the response

o, equal to

_ [B 2 R_2
O-ul _\/ O-u,+; Gk,u, (13)

and for the peak factor according to Egs. (4, 5b) [5].
4. FULL-SCALE MEASUREMENT

4.1 Description of measured structures

Two examples of full-scale measurements are
presented. The first one was carried out on the
Pradéd tower, the second one on guyed mast at
Javofice, see Fig. 4.

Figure 4: Praded tower and the guyed mast at Javorice,
elevations of sensors

4.1.1 Pradéd tower

The tower with a height of 146 m consists of
concrete, steel and a GRP part, see Fig. 4. The
height of the tubular concrete part is 88.4 m, the
diameter narrows from 6.5 to 5 m. The steel part
with a height of 40.5 m is tubular with a diameter of
3 m. The GRP extension with a diameter of 1.93 m
is 22 m tall. A pendulum damper with a weight of
about one ton is placed at the top to eliminate
oscillation due to vortex shedding. The damper is
tuned to the second natural frequency 1.02 Hz, on
which the vortex shedding vibration could reach
critical amplitudes. The damper influence on
damping of the first mode shape (with frequency
0.46 Hz) is supposed to be minor. The short term
measurement was performed on this tower. The
accelerometers were placed at three elevations —
83.5, 103.5 and 120.5 m. The wind velocity was
measured simultaneously at one level at the height
of 103.5 m. The response during very strong wind
conditions was recorded.

4.1.2 Guyed mast at Javorice

The guyed mast at Javofice consists of a triangular
lattice shaft and a slender cantilever. Three guyed
levels are at the heights of 48.5, 100 and 137 m.
The overall height of the structure is 163.5 m. The
height of the cantilever is 25.5 m. The liquid
damper with a weight of about one ton is placed at
the top to eliminate oscillation due to vortex
shedding. The damper is tuned to mitigate
oscillation in the range from 1.7 to 6.6 Hz, where
vortex shedding vibration could reach critical
amplitudes. The damper influence on damping of
the first 8 mode shapes (with frequencies under 1.7
Hz) is supposed to be negligible. The criteria for
patch load method [11] are not met (the height of
the cantilever is higher than half of the span under
the top guy level). There are also significant
differences in rigidity and wind drag along the
height, see Fig. 4.

The full-scale measurement was performed with the
following placement of sensors. Three anemometers
were placed at levels 52, 101 and 138 m above the
ground. The pairs of accelerometers were installed
at the same levels. Strain gauges were mounted at
three levels — 53, 71.5 and 95.4 m (i.e. in the upper
and lower end of the span and in the middle) on the
legs. Later, the strain gauges were also placed at the
foot of the cantilever. Other strain gauges were
glued on the tensioning rods of guy cables.

111



4.2 Measurement of wind characteristics

The wind velocity and direction were measured
using ultrasonic anenometers at several elevations.
The decomposition of the velocity into longitudinal
and lateral components was carried treating the
wind velocity vectors as complex numbers and
considering Fig. 5. Along-wind and cross-wind
velocity components are determined from the
following relationships:

Ufl,long = |'l—;ﬂ,7l| ’ COS(CEﬂ,i) (14a)

VA lay = |Un i - sin(oq ;) (14b)

>

direction Y

direction X

Figure 5: Decomposition of the wind velocity into its
mean and fluctuating parts and consequently into the
lateral and longitudinal components

The power spectral densities of wind velocity
obtained from measurement were compared with
theoretical ones. The four theoretical spectra were
chosen for the comparison:

Karman spectrum [13]:

[8,0)_ 4B-1,(f) (152)
v (1+708- £2()"°

where £ (f)=/"L (15b)

v

m

Davenport spectrum [14]:

Lv(f) =4.0- L(f) (16a)
v i+ 220"
where 7 (f)= 1508 'Of)‘ (16b)
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Kaimal spectrum [15]:

[oSz /) _ 200, (2 f) (17a)

2
v

: (1+50- £, (z £)) "

where £, (z, /)= vf(zz) (17b)

Eurocode spectrum [9]:

S-Sz ) B-681,(z 1) (18a)
V2 (1+102f, (z. 1) "
where £ (z, f)=7 ‘?(;) (18b)

The quantity L in the Eq. (15-18) represents the
turbulent length scale, v, the shear wind velocity, v,

the mean wind velocity and z the height above the
ground. Factor £ stands for the relationship between
the standard deviation of the wind velocity and the
shear wind velocity =2 /v?.

The non-dimensional spectra (right sides of Eq. (15-
18) as well as the power spectral densities of wind
velocities S,(f) were compared. Typical results are
shown in Figs. 6-8. The measurement was
performed on the 164 m guyed mast at Javotice, see
4.1.2. The guyed mast is situated in forested terrain,
but the terrain changes from the smoother terrain at
a distance of approximately 8 km in the upwind
direction.

The higher wind velocities must be chosen for the
evaluation of the spectral densities. The results
obtained from lower wind velocity records give
usually unsteady and unreliable results.

E Theory-Kaman | & & s e 1
S 0.8; - — my EY T =
=] 1 ~Theory-Davenport 5 \ !-—I:emy—:enaln :’

o | - e | eory-terrain
g‘o'ﬁl\p;j-l Theory-Kaimal ' 4% I—Theory-tenam Iy
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= 0.4y Measurement _ .g ) — Theory-terrain 1V
2 E § 2t Y |—Measurement |
g 02 Sht ] {8 |
3 TR ity 5,

& o 10° 5 10" 10°
= Frequency [Hz] a Frequency [Hz]

Figure 6: The comparison of measured and theoretical
non-dimensional spectra (left side). The comparison of
measured spectrum and theoretical Kaimal spectrum for
different terrain roughness (right side). Guyed mast at
Javorice, height of anemometer 52 m, mean wind
velocity 10.6 m/s
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Figure 7: The comparison of measured and theoretical
non-dimensional spectra (left side). The comparison of
measured spectrum and theoretical Kaimal spectrum for
different terrain roughness (right side). Guyed mast at
Javorice, height of anemometer 101 m, mean wind
velocity 11.9 m/s
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Figure 8: The comparison of measured and theoretical
non-dimensional spectra (left side). The comparison of
measured spectrum and theoretical Kaimal spectrum for
different terrain roughness (right side). Guyed mast at
Javorice, height of anemometer 138 m, mean wind
velocity 13.7 m/s

The good agreement between the measured
spectrum and Kaimal spectrum is noticeable in
Figs. 6-8. Similar agreement was apparent at most
of the measured sites. For these sites the Eurocode
spectrum seems to be conservative. But in some
other cases, the measured spectrum was higher and
closer to the Eurocode spectrum.

The measured power spectral densities correspond
closely to the terrain roughness. The influence of
the transition between roughness categories is
apparent in Figs. 6-8. The wind properties obtained
from two lower anemometers correspond to closer
forested terrain, the wind properties at the height of
the third anemometer correspond to more distant
open terrain. The height where the turbulent wind
properties are changing due to terrain roughness
transition corresponds more to an expression
according to [2] than EN standards [9], Annex A,
Procedure 2, which seems to be very conservative.

The limited number of the measurements and the
necessity of higher wind speed recording does not
currently allow the reliable recommendation of the
spectral densities for the region of the Czech

Republic generally, but it is obvious that
measurement can bring more accurate wind
characteristics and be useful, for example, for the
assessment of existing towers and masts.

4.3 Measurement of structure response

The sensors were placed on the structures at several
levels. Acceleration was usually measured at three
levels by Endevco 86 accelerometers. Two
accelerometers set perpendicular to one other were
placed at measured elevations to record the
response in  both  horizontal  directions.
Simultaneously, strain measurement was carried out
using strain gauges mounted on the shaft and on the
stretching rods of the guys.

5. COMPARISON OF THE RESPONSE

The structure response to wind action is influenced
by many factors such as the wind drag of the
structure, damping, the height profile of mean wind
velocity and others. The number of these factors
and their uncertainties can cause significant
differences between theoretical analysis and the real
state. The full-scale measurement can give
information about this difference in the given
investigated case. Despite the unknown inaccuracy
of input parameters of the theoretical analysis, the
comparison of the theoretical results with the full-
scale measurement can verify the suitability of the
chosen computation method. The character of the
structure behaviour and the importance of each
individual response component can be investigated.

5.1 Pradéd tower

First, a comparison of the results of several
theoretical approaches was performed and is
depicted in the Fig. 9.

The slenderness and low rigidity of the extension
together with heavy discrete mass near the top (part
with damper) leads to the significant growth of the
resonant component of response at non-damped
natural frequencies.

The quasi-static method according to the EN
standard [9] thus underestimated internal forces in
fibre-glass extension, as is apparent in Fig. 9. The
results of the simplified method according to
chapter 3 were subsequently compared with non-
simplified spectral analysis according to chapter 2
and with the method using influence lines [5] by
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Davenport et al. The very good agreement between
the results of these methods was observed. The
relatively low impact of the number of load cases
for background response evaluation according to
Fig. 1 on the overall response is visible in Fig. 9.
The different way of computation did not make it
possible to use exactly the same expression of
correlation of the wind load for the determination of
the background response using influence lines
method. The minor difference between Davenport
and the other results (except the red line) is caused
mainly by this variance.

s .EN1991-1—4,((‘.50“ acc. to Annex C [3])

—Spectral an.

-=-Davenport, infl. lines

- Simpl. an. (with 20 load cases for backgr. rms)
- Simpl. an. (with 1 load case for backgr. rms)
=== Simpl. an. (with 2 load case for backgr. rms)

15 160w
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Overall * 10 RatioM/M spectr. an.

moment [kNm]

Figure 9: Left: Overall moments. Right: Ratios of the
moments according to various methods to the moment
resulting from spectral analysis described in section 2

Subsequently, measured resonant response was
compared with the theoretical one. Time history
records of acceleration were numerically integrated
to obtain the velocity and the deflection time
history. The calculation was carried out for an
integration time period 60 s, which corresponds to
the measured length of the records. The wind
properties and the wind profile were assumed
according to [9] for terrain roughness II.

Table 1: Maximum, minimum and standard deviation of
the resonant response — overview of measured (left) and
theoretical values (right), record A

Theory for v, =29 m/s at level 103.5m,
terrain category Il and T = 60s

Measurement - record A

Sensor Resonant deflection [mm] Sensor Resonant deflection [mm]
elevation min max standard elevation min max standard
deviation deviation

120.5 m -41.8 40.0 15.7 120.5m -35.0 35.0 12.5

103.5m -26.8 25.9 10.3 103.5m -24.9 24.9 8.9

83.5m -19.0 19.0 7.4 83.5m -15.0 15.0 5.4
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Table 2: Maximum, minimum and standard deviation of
the resonant response — overview of measured (left) and
theoretical values (right), record B

Measurement - record B Theory for v, =28 m/s at level 103.5m,

terrain category Il and T = 60s

Sensor Resonant deflection [mm] Sensor Resonant deflection [mm]
elevation min max standard elevation min max standard
deviation deviation
120.5m 33.1 32.4 12.7 120.5m -31.9 31.9 1.4
103.5m -22.8 21.8 8.5 103.5m -22.8 22.8 8.1
83.5m -15.0 16.0 6.0 83.5 m -13.7 13.7 4.9

The numerical comparison of the theoretical and
measured resonant response is shown in Tabs. 1 and
2. The horizontal deflections are compared. Good
agreement was found.

5.2 Guyed mast at Javorice

The comparison of different theoretical approaches
as well as the comparison between theoretical and
measured responses was carried out. The presented
response was recorded at the same time as the wind
properties described in chapter 4.2. Deflections at
levels 49, 98 and 138 m were calculated from the
time history of acceleration. The measured time
history of the strain in the legs was converted to the
stresses and the axial forces. The moments in the
shaft were determined from the axial leg forces.
The overall measured standard deviations of the
response were subsequently divided into two
components to be compared with theoretical values
of the background and the resonant standard
deviations. The separation of components was
carried out using power spectral densities of the
bending moments, see Fig. 10. The individual
standard deviations were stated numerically as the
areas under the density curve in the related
frequency intervals. Although this is not strictly
theoretically correct, the accuracy of the resultant
value is sufficient for comparison purposes.
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Figure 10: Power spectral density of bending moments
in the shaft at the level of 72 m. The spectra of the
moments in both directions are depicted. The left and
right side of the figure represent the same spectrum, but
the vertical scale was magnified on the right side to
make the resonant part more visible



A significant response in the lateral direction is
apparent in Fig. 10 (direction of the wind was
approximately parallel to the direction of guys
during the measurement).
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Figure 11: Standard deviations of background (left) and
resonant (right) horizontal deflections. Comparison of
theoretical results and measurements
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Figure 12: Standard deviations of background (left) and
resonant (right) bending moments. Comparison of
theoretical results and measurements

The results of theoretical approaches are compared
to the measured values of the response. The
calculations were carried out for the measured
velocities and the wind properties, see chapter 4.2.

The results of the analysis described in chapter 2
(denoted as “Spectral an.”) together with the results
of the simplified approach according to chapter 3.1
(denoted as “Simplified an.”) for the resonant part
and according to chapter 3.2 (denoted as “Simpl.
static simulation”) for the background part are
presented in Figs. 11 and 12. Standard deviations of
horizontal deflection and bending moments are
depicted.

The results of the patch load method according to
[11] for the background response are also presented.
The standard deviations of the background response
calculated using [10, 11] follow the shape of the
other depicted results, but are higher. As the
parameters for the patch load method were derived
for strong wind conditions, the results of methods
cannot be reliably compared. Nevertheless, the
suitability of the patch load method for the
background response determination of guyed mast,
which does not meet the method criteria, can be
seen in this case. The good agreement is apparent
between measured and theoretic values of moments.
The measured resonant horizontal deflection is
lower compared to theory.

6. CONCLUSIONS

The simplified approach for the determination of
tower and mast response to the turbulent wind is
suggested in the paper. The approach is applicable
to the structures with the general geometry, general
distribution of masses and areas exposed to the
wind and with the general (low) damping. It is
harmonised with EN standards and can be used for
structures that do not meet criteria for the
commonly used equivalent static method.

The results of two full-scale measurements have
been presented. Theoretical expectations of the
structure behaviour were compared with the results
of measurements. Although there are many factors
influencing the response of the structure, the
agreement between the measured and the theoretical
values of the response was found to be very good in
both cases. It generally confirms the suitability of
approaches being used for the design of towers and
masts.

The measurement of power spectral densities of the
wind velocities typically shows better agreement
with Kaimal spectrum. The relationship between
the distance from the roughness transition and the
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height where wind properties change shown in [9]
seems to be very conservative compared to the
results of measurement. The significant lateral
response was observed in the case of guyed mast
measurements.

The next full-scale measurement will be carried out
in the near future to improve knowledge of the real
response of masts and towers to gusty wind.
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