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Abstract

Computational determination of aerodynamic resistance for high truss structures like telecommunications towers is the
subject of this study. Normalized procedures were presented with an example of an existing structure concerning the total
wind coefficient. The results of calculations along with their broad elaboration and interpretation have been presented.
Analyses and calculations were conducted for a tower of height equal to 84 metres and of a triangular cross section.
The structure is characterized by round full rods as the legs of the tower and hot-rolled angle bars as the bracing. Two
computational approaches were applied providing the results for each of them. The achieved results allow for stating
that selection of a computational standard procedure should be adequate to an analysed structure and its characteristic
features. The information included in the article is particularly useful in case of the determination of carrying capacity of

existing tower structures on the basis of Eurocode standards.
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1. Introduction

Introduction of European standards in recent times
in the Polish regulations caused great changes in the
determination of carrying capacity of individual civil
structures. The analysis of carrying capacity with
respect to current provisions is still a challenging
problem for designers and building surveyors. This
results from the fact that not only did the concepts of
determination of the carrying capacity of individual
structural elements change but the way the load is
formulated changed as well. There are particular
situations where objects designed a dozen years
ago, based on completely different requirements
and standard procedures must be recalculated. Steel
structures of telecommunication towers are a typical
example of such a situation.

The rapidly growing market for telecommunication
services along with new hardware requirements and
social needs are the signs of our time. Therefore,
mobile telecommunication operators are constantly
modifying their infrastructure and electronic devices
due to this demanding situation. Considering
telecommunication equipment and hardware, we
can take devices like radio modules, panel antennas,

microwave dishes, etc. All such installations are
mounted on support structures like telecommunication
towers. Every modification of such equipment affects
main structure characteristic parameters such as
magnitude of loading, aerodynamic factors and etc.
It provides a necessity for recalculations of the tower
carrying capacity.

The study is devoted to the computational
determination of aerodynamic resistance of tower
telecommunication structures based on the formulae
included in the standards [1].

2. Problem description

In general sense the coefficient of aerodynamic
resistance (or the total wind force coefficient or wind
drag) depends on [2]: shape of a cross section of
bars of a lattice structure, their slenderness, shape of
a horizontal section of a tower and a direction of wind
relative to walls of an object. The definition of wind
drag given in [1] is as follows — resistance to the flow
of wind offered by elements of a tower or a guyed
mast and any ancillary items that it supports, given
by the product of a drag coefficient and a reference
projected area, including ice where relevant.
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As it is described in [3], the term “wind loading
resistance” is generally adopted to encompass the
combination of area, shielding effects and drag
coefficients. The simplest analytical explanation of
wind mean loading on a tower may be expressed as:

P:%pvchA (1)

where: p is the air density [kg/m?], V [m/s] is the
relevant wind velocity, C, is the drag coefficient
related to the area A [m?].

Considering wind resistance, which should be
expressed as the R = ¢, A, we have to realize that
the most difficult aspect to codify is the treatment
of ancillaries mounted on the structure. Additional
elements can take different forms, in terms of position
and of shapes, covering ladders, feeders, safety access
rails, antennas and dishes, etc. [3].

In case of telecommunication towers with higher
complexity (e.g. flat-sided and circular-section
members), calculation problem of aerodynamic
resistance seems more challenging. For towers
made from profiles of different kind, loaded with
cable and climbing ladders or other linear ancillaries
like antennas and their support structures, correct
estimation of the aerodynamic resistance is a
demanding task. We should include interactions of
structural elements and accessories, their mutual
shielding effect as well as different flow patterns of
elements of flat sided or circular edges.

The determination of the aerodynamic coefficient
according to standard [4], which is widely described
in publication [5], was a relatively simple procedure.
The solidity ratio of one (usually front) face of the
spatial truss is the main parameter in this approach. It
should be described as follows:

_F+F -0.6
b= S
where: F is the shadow area (area of the solid members
in the appropriate face) of every structural element of
the front face, on a plane normal to wind direction, FL
is the shadow area of the linear ancillaries of the tower,
S is the area of the considered contour (elevation).
For a tower with circular-section legs and flat-sided
braces, the coefficient of aerodynamic resistance is
described by the formula given in [4] as:

¢, =3.5-4.0-9, 0<<037 3)
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Similar considerations can be carried out according
to standard [1]. However, we should emphasize that
the degree of their complexity is definitely greater.

Considering wind loading of steel skeletal
telecommunication towers, we should realize that
this particular kind of loading is the crucial one,
and it decides about the cross-sections of structural
members, the geometrical dimensions of a tower, the
total weight of a structure, etc. Taking this fact into
consideration, it is worth presenting the formulae
given in [1] that are describing the wind force in the
direction of the wind on the tower.

The mean wind load in the direction of the wind on
the tower is described as follows:

I:m,W (Z Z Aref (4)

where: J is the turbulence intensity, qp [kN/m?] is the
peak velocity pressure, A, [m?] is the reference area
of the structure (projected area), z [m] is the height
above ground level and c, is the total wind force
coefficient.

On the other hand, we have to take the equivalent
gust wind load in the direction of the wind into
consideration during the carrying capacity analysis
which is determined as follows:

1} (5)

Frw (2)=F.w (2)

1+7 J z,)|cc, —
1+ 1+02( j [ (2)]es,
h C(zy)
where: cscd is the structural factor, z [m] is the height
above the base at which a load effect is required,
c,(z,) is t.he orography factor and h [m] is the overall
tower height.

As we can find in Equation (4), the magnitude
of the mean wind load depends on four parameters
where the most difficult to determine via analytical
calculations, as it was mentioned above, is the total
wind force coefficient.

1+7J

3. Analyzed structure

Analysis has been performed on the basis of the
existing telecommunication tower illustrated in Fig.
1 of height equal to 84 meters. The construction is
divided into 14 sections with their height equal to
6.0 meters. The lowest section S-14 is presented in
Fig. 1 in axonometric view. The static scheme of such
a structure is a spatial truss fixed in ground by the
foundations.
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Fig. 1. The static scheme of the tower and the
axonometric view of the lowest section of the tower

The leg members of the tower (the main load-bearing
components) consist of circular full rods and primary
bracing members with hot-rolled angle bars. Feeders,
cables and climbing ladder (linear ancillary) is placed
centrally inside the tower. The ladder is made of two
vertically situated cold-formed C-bars connected by
circular rods at one end, and with brackets for feeders
and cables at the other end as it is presented in Figure
1 and Figure 2.
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Fig. 2. The cross section of the tower
and the cable-climbing ladder

In Figure 2 there is presented the cross section of
the tower above the service platform. We can also find
the cable-climbing ladder placed in the center of the
structure. Numbers 1, 2 and 3 on the drawing denote
particular faces of the tower. An arrow presents the wind
direction where @, is the angle of incidence of the wind
normal to face 1. As we can observe in the attached
picture taken on the existing tower, there are cables and
feeders on the rear side of the ladder and also on the
cantilevers mounted to the front-climbing part.

Table 1 presents individual elements for every
section of the structure such as leg members, primary
and secondary bracing. The most important part of
the data collected in Table 2 are: A, that is the total
projected area when viewed normal to the face of
the flat-sided section members in the face (1, 2 or
3) where A is the total projected area normal to
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the face of the circular-section members in the face
(1, 2 or 3) in sub critical regimes. Especially important
for further considerations is the division the projected
area of an individual section for circular and flat-
sided members. It results from the necessity of
consideration of different flow patterns around sharp
edges and circular members. For circular members
the flow is critically dependent on wind velocity, or in
aerodynamic terms, on the Reynolds number.

The collected areas of the analyzed structure are
specified for the angle of incidence of the wind ©,
equal to 0.

The total area projected normal to a face (e.g. 1) of
the structural components without ancillaries should
be expressed as:

As,l = A:,l + Af,l (6)

Table 2 presents the elements and their projected
areas of the cable-climbing ladder. As it can be found,

there is a division of the flat-sided elements A, and
the circular members A,  and we notice that for this
particular structure, the projected area of the ladder is
equal for all the tower sections.

It should be emphasized that the total area of the
cable-climbing ladder is equal to:

Ay =A + A (7)

4. Aerodynamic resistance calculations

All calculations of the total wind force coefficient are
based on one of the most important parameters in the
theory of aerodynamic resistance of skeletal structures,
the solidity ratio. Standard [5] describes it as follows:

Y

where: A [m?] is the sum of projected areas of the
members and A [m?] is the overall envelope area.

@®)

Table 1. Sections of the towers with their projected areas for ® = 0°

am | . e W | m | m | e | m | m
$-1 @80 L 90x60x8 €65 0.96 1.10 0.96 0.86 0.96 0.86
S-2 @80 L 90x60x8 C65 1.48 0.47 1.48 0.27 1.48 0.27
53 @90 L 90x60x8 €65 1.69 0.48 1.69 0.22 1.69 0.22
S-4 @90 L 90x60x8 C65 1.61 0.93 1.61 0.60 1.61 0.60
$-5 $100 L 90x60x8 €65 1.20 1.62 1.20 1.06 1.20 1.06
S-6 #9100 L 120x80x10 C65 1.20 1.92 1.20 1.27 1.20 1.27
S-7 0100 L 120x80x10 €65 1.20 2.47 1.20 1.52 1.20 1.52
S-8 0110 L 120x80x10 L 100x100x10 132 2.04 132 1.4 132 1.41
S9 @110 L 150x100x10 L 100x100x10 132 2.54 132 1.74 132 1.74
$-10 @110 L 150x100x10 L 120x120x10 132 2.85 132 1.88 132 1.88
SN 0120 L 150x100x10 L 120x120x10 1.44 3.01 1.44 1.94 1.44 1.94
S-12 0120 L 150x100x10 L 120x120x10 1.44 3.19 1.44 2.02 1.44 2.02
S-13 @120 L 200x100x10 L 150x150x12 1.44 3.61 1.44 2.23 1.44 2.23
S-14 0120 L 200x100x10 L 150x150x12 1.44 3.83 1.44 2.30 1.44 2.30

Table 2. The elements of the cable-climbing ladder

Flat-sided members Circular section members
Access rail Guide rails (able cantilevers Ay Feeders and cables Steps A,
[m’] [m’] [m’] [m’] [m’] [m’] [m’]
Section 0.30 0.72 0.13 1.15 1.54 0.123 1.66
Table 3. Envelope areas A [m?] for particular sections of the tower
S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8 S-9 S-10 S-1 S-12 S-13 S-14
15.0 16.8 20.4 24.0 27.6 31.2 34.8 384 42.0 45.6 49.2 52.8 56.4 60.0
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The envelope areas for the sections of the analyzed
structures are collected in Table 3.

It should be underlined that Equation (8) expresses
the structure shadow area only, and the formula
does not include ancillaries like a ladder, etc. It
should be noticed that the data collected in Table 1
indicates that for the individual faces of the tower (1,
2 or 3) we obtain different solidity ratios (¢,, ¢, Or ¢,
respectively).

According to standard [1] and the recommendations
given in [3, 6], calculations of the tower aerodynamic
resistance might be considered applying two
independent approaches. It depends on the systems of
the tower structures and that may be generally divided
into symmetrical structures with limited ancillaries
and structures containing ancillaries.

To present the algorithm of the calculations, detailed
expression, formulae, the results are going to be
shown on one chosen section of the tower — S-10. The
results for other sections take a tabular form. All the
calculations are provided for the angle of incidence of
the wind ®, =0°.

4.1. Total wind force coefficient - general method

According to [1], the total wind force coefficient
in direction of wind over a section of the structure
should be taken as:

Ci10=Cts10 TCs ano 9
where: C

ts.10 18 the wind force coefficient of bare
structure section S-10 determined using a solidity
ratio ¢, Ciato 18 the wind force coefficient of the
ancillaries in section S-10.
It is worth emphasizing that in this approach
only face 1 with the feeder-cable ladder should be
considered.

The solidity ratio for section S-10 is equal to:
¢ _ '%1410 + Af ,1.10 + AA,C + AA
10 —
A

The force coefficients for sections composed of flat
sided, sub critical circular members are given by:

L -0.153 (10

Cror0=176-C[1-C, g, +p, | =271
Cr o0 =C (1-C, ¢, ) +(C, +0.875)¢,,> =1.55

where: C, isequal to 1.9 and C, is 1,4 for the triangular
structures.
The value of the overall normal force coefficient

C;5 .1 that is applicable to the structural framework of

triangular section S-10 composed of both flat-sided
and circular sections should be calculated as:

c e (Af,1.10+AA,f)+
£.5.010 = Ct.0.1.10 —(A,uo N AA)
(12)
ie (Ah,uo AA,C)=221
el (As,uo + AA) .

The wind incidence factor K, = 1.0 for @, = 0°, thus
the wind force coefficient of structure section S-10 is
equal to:

Cisio= KGCf,S,O,IO =221

(13)

Let us focus now on the part of Equation (9) that
describes participation of the feeder-climbing ladder
in overall coefficient wind force. Reduction factor
that takes into account the shielding of the component
by the structure itself for the triangular cross section
of the tower and ancillaries placed internally to the
structure K, is equal to 0.8. Overall normal drag
coefficient appropriate for the item and its Reynolds
number for flat-sided sections given in [1] is

Ciao=2.0 (14)

It’s necessary to underline that in this codified
approach the ladder with all its elements such as
cables, feeders, steps, access rails, etc. is treated as
aonesolid component. Taking itinto our consideration,
an analyzed ancillary should be treated as a one, flat-
sided element as given above. In the analysis of the
aerodynamic resistance of the ladder, y denotes an
angle of wind incidence to the longitudinal axis of
a linear member. For the purpose of these calculations,
the angle y takes the most adverse value 90°.

The conclusions given above lead us to the
determination of the wind force coefficient of the
ancillaries in section S-10:

2
Cian= K, “Cy pp " SIN =106

(15)

During the calculation process, we obtained all the
parameters that allow us to determine the total wind
force coefficient in the direction of the wind over
section S-10:

Ct10 =Cts10 T Cpas0 =381

(16)

The results for other sections are collected in Table
4 that contains all the parameters described in the
previous considerations.
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Table 4. The results of the calculations for the general method

Section [} G G G & ¢
S-1 0.325 218 1.28 1.69 16 3.29
5-2 0.283 229 133 1.65 16 3.25
53 0.243 240 139 172 16 332
S-4 0.222 247 1.4 1.83 16 343
5-5 0.204 253 145 1.98 16 3.58
5-6 0.190 257 148 2,05 16 3.65
57 0.186 2.59 148 2.10 16 3.70
5-8 0.161 2.68 153 212 16 3N
5-9 0.159 2.68 153 217 16 377
5-10 0.153 N 155 221 16 3.81
5-11 0.148 273 1.56 223 16 3.83
512 0.141 275 157 2.26 16 3.86
5-13 0.139 276 157 2.29 16 3.89
S-14 0.135 2.77 1.58 232 1.6 3.92
4.2. Total wind force coefficient - method for special cases It should be explained that: c . is the force

The total wind force coefficient in this analytical
approach may be determined according to [1] from
expression as follows

30 .
Cy.o =Gy COS (le +C,,sin’ (

The main difference between the presented
methods (the general and one for special cases) is the
treatment of the sections as general. In 4.1., there is an
assessment that for obtaining aerodynamic resistance
we need to take into consideration only face 1 and
the feeder-climbing ladder behind. Here faces 1, 2
and 3 are included in calculations as well as the fact
that there are some shielding effects expressed in the
analysis by a shielding factor. According to standard
[1], for section S-10 it should be calculated as follows:

1.89
AS 1.10 + AAI 10
= 1-—>M0 AR 20,73
e ( 45.60

Mo =Mk 10 (AF,].IO +0.83- A;,l.lo +A, )/
J(A +A,)=0.71

To obtain the total force coefficient we should
calculate factors for every face, treated here as
a single frame. The results and formulae are collected
in Table 5.

1

30
2 j (17

(18)

10

coefficient appropriate for face 1 in section S-10,
Ciario 18 the wind force coefficient appropriate for
face 1 in section S-10 for the ancillary items are not
treated as structural members. For circular members
Ciario they are equal to 0.5 and for flat-sided 2.0
respectively. In Equation (17) there are ¢, , ¢,  factors
that denote effective wind force coefficients given for

triangular structures by following:

0.67 -7,
Cle,lO = (CI.IO L —

5 (C2.10 +C5 5 )) K@ =2.13
Creto = (Czjo +

(19)

0.67-1,
——=(C 0+ cm)j K =2.24

Finally, the total wind force coefficient given by
Equation (17) takes the value of

Cipo =2.13

Ct 10 = Cieo

(20)

In Table 6 the results of cf for other sections of the
analyzed tower are collected.

5. Comparison of the results

Comparison of the results obtained through two
independent standard methods is presented in the
graphical form in Figure 3.
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Table 5. The calculation parameters

Face Coefficient Formula Result
C t110 1.58+1.05(0.6—¢, )" 183
2
Ct ci0 (0-6+O-4¢1_10)Cf,f,1.10 1
Af,lAIO A,I.IO
Ct s Ce 1110 fe 10 A 1.60
1 A
AS 1.10
c ————r(C
f,S1.10 AS + AA f,AL10
c 1.40
1.10 AA’f AA'C
f + Cf ,AL.10,c
A +A, A+ A,
Cr ra10 1.58+1.05(0.6 -, )" 184
2
Cteot0 (0'6+0'4¢2410)Cf,f,2410 112
2(3) f,2.10 Ac,2410
Cts210 Ct 210 +Ct a0 A 1.54
AS 2.10
c - 1.54
2.10 f,52.10 AS + AA
Table 6. Total wind force coefficients obtained via method for special cases
S-1 S-2 S-3 S-4 S5 S-6 S-7 S-8 S-9 S-10 S-1 S-12 S-13 S-14
1.67 1.57 1.61 1.73 1.91 1.97 2.03 2.04 2.09 2.13 2.15 218 221 2.24
4 < ¢ on the value of the cf coefficient for individual
3,75 ry O * e sections of the analyzed tower structure;
2,50 * * — analyses of towers of high complexity with the
e i combination of flat-sided and circular-section
3 members, containing feeders and ladders,
G 27 antennas and their support structures, should be
222 based on the method for special cases;

. s 00 ®° s v ¢ — formulae adopted in this method have been
15 . b introduced into standard [1] to cover any
oo ® 0000000000000 combination of flat-sided or circular section

12 03 4 5 6 7 8 9 1011 12 13 14 members along with a shielding factor;

\ @ Results for special cases method 4 Results for general merhod|

Fig. 3. Comparison of the results

6. Conclusions

Performed calculations
conclusions:
— in Figure 3 we observe that the choice of the

presented method of calculations has a large impact

yield the following

determination of the wind drag coefficient with
respect to the incorrect calculation approach
can lead to the overestimation of the mean wind
value, which has crucial impact on the results of
analyses of the carrying capacities of existing
and new structures;

the results that have been obtained according to
the method for special cases correlate well with
the ones presented in publication [3];

11
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— considering aerodynamic behavior of tower
structures, it is worth underlining that the full-
scale measurements (given by Nielsen in [7])
showed that the wind resistance of lattice towers
should be significantly lower than the estimated
ones conducted according to standards [1, 4].
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Analityczne okreslenie oporu aerodynamicznego
kratowych wiez telekomunikacyjnych

1. Wstep

Wprowadzenie w ostatnim czasie do polskich unor-
mowan prawnych europejskich norm projektowych
spowodowato duze zmiany w okreslaniu no$nosci
poszczegblnych obiektow budowlanych. Analiza no-
$nosci obiektow istniejagcych w oparciu o aktualne
przepisy w dalszym ciggu nastrecza problemow pro-
jektantom i rzeczoznawcom budowlanym. Wynika to
z faktu, ze zmianie ulegly nie tylko koncepcje okre-
$lania no$nosci poszczegdlnych elementow konstruk-
cji, ale takze sposob formutowania ich obcigzenia.
W sposob szczegodlny dotyczy to analizy przydatno-
$ci do dalszego uzytkowania obiektow zaprojekto-
wanych kilka lub kilkanascie lat temu na podstawie
zupelie innych wymagan i procedur normowych.
Typowym przykladem takiej sytuacji moga by¢ stalo-
we konstrukcje wiez telekomunikacyjnych.

Niniejsze opracowanie w catos$ci poswiecone jest wy-
znaczaniu oporu aerodynamicznego konstrukcji wiezo-
wych na podstawie formut zawartych w normie [1].

2. Opis problemu

W sensie ogélnym wspotczynnik oporu aerodyna-
micznego (czy tez wspotczynnik oddziatywania wia-
tru) zalezy wg [2] od: ksztattu przekroju poprzecz-
nego pretow konstrukcji kratowej, ich smuktos$ci,
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ksztaltu przekroju poziomego wiezy oraz kierunku
dziatania wiatru wzgledem $cian wiezy. W przypad-
ku wiez telekomunikacyjnych, dla ktorych konieczne
jest wyznaczenie oporu aerodynamicznego, problem
wydaje si¢ by¢ bardziej ztozony. Dla obiektow wie-
zowych wykonanych z réznego rodzaju profili, ob-
cigzonych drabinami kablowymi i wlazowymi, an-
tenami i ich konstrukcjami wsporczymi prawidtowe
oszacowanie oporu aerodynamicznego jest zadaniem
wymagajacym. Nalezy uwzgledni¢ interakcje ele-
mentoéw konstrukcyjnych i elementow wyposazenia,
ich wzajemne przeslanianie, a takze r6zne modele
optywu elementéw o krawedziach ostrych lub okra-
gtych [3]. Najprostsza formuta opisujaca opor aero-
dynamiczny jest (1).

Analityczne okre$lenie wspotczynnika oporu ae-
rodynamicznego wedtug normy [4], opisanego do-
ktadnie w pozycji [2], bylo stosunkowo tatwa pro-
cedurg obliczeniowa. Wspotczynnik wypetnienia byt
zdefiniowany, tak jak to zaprezentowano w rownaniu
(2). Dla stalowych wiez o okragtych kraweznikach
i elementach skratowania wykonanych z katownikow
wspotczynnik oporu aerodynamicznego jest zdefinio-
wany w (3) na podstawie normy [4].

Srednie obcigzenie wiatrem zdefiniowane we-
dlug normy europejskiej [4] opisuje zaleznos¢ (4).
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Obcigzenie odcinkowe na kierunku dziatajacego
wiatru okreslone jest natomiast jako (5). Jednym
z parametrow niezbednym do okreslenia wielko$ci
oddziatywania wiatrem jest wtasnie wspotczynnik
oporu aerodynamicznego, ktorego wartos¢ determi-
nuje wielkos¢ tego rodzaju obcigzenia.

3. Analizowana konstrukcja

Analiza zostata przeprowadzona na podstawie ist-
niejgcej wiezy telekomunikacyjnej o wysokosci 84
metrow zilustrowanej na rysunku 1. Konstrukcja
podzielona jest na 14 segmentéw. Schematem sta-
tycznym trzonu jest wspornik kratowy utwierdzony
w gruncie poprzez fundamenty. Pionowe elementy
nos$ne (krawezniki) zostaly wykonane z okragtych
pretow peinych, natomiast elementy skratowania
z goracowalcowanych katownikéw. Drabina kablo-
wo-wlazowa usytuowana jest centralnie wewnatrz
trzonu wiezy. Wykonana jest z ceownikéw zimno-
gietych potaczonych szczeblami z pretow okragtych
po jednej stronie i wspornikami drabiny kablowej po
stronie drugiej, tak jak zostato to zaprezentowane na
rysunku 2. W tabeli 1 przedstawiono zestawienie po-
szczegolnych elementow konstrukcji wraz z ich pola-
mi powierzchni nawietrznej dla kata natarcia wiatru
rownego 0° (powierzchnie ptaskie i okragte). Catko-
wita powierzchnia nawietrzna konstrukcji normalna do
Sciany 1 wiezy wyrazona jest przez zapis (6). Tabela 2
przedstawia zestawienie elementéw drabiny kablowo-
-wlazowej. Catkowita powierzchni¢ nawietrzng tego
ustroju konstrukcyjnego wyraza wzor (7).

4. Obliczenia oporu aerodynamicznego

Wszystkie kalkulacje oparte sg na jednym z naj-
bardziej istotnych parametrow w teorii oporu aero-
dynamicznego konstrukcji szkieletowych — wspot-
czynniku wypeknienia (8). Tabela 3 prezentuje pola
powierzchni catkowitych poszczegdlnych segmen-
tow wiezy. Wykorzystujac norme [1], a takze reko-
mendacje zawarte w [3], obliczenia zostaly wykona-
ne przy zastosowaniu dwoch niezaleznych podejse,
ktore zaleza od rodzaju konstrukcji: symetrycznej
z ograniczonymi elementami wyposazenia lub z pely-
mi elementami wyposazenia, tj. drabiny, pomosty itp.
W celu prezentacji wynikow, a przede wszystkim al-
gorytmu obliczeniowego wybrano segment 10 wiezy.

4.1. Catkowity wspétczynnik oporu aerodynamicznego -
metoda ogolna
Norma [1] okresla catkowity wspotczynnik oporu na
kierunku dzialajacego wiatru na poszczeg6lng sekcje

konstrukcji jako (9). Dla segmentu 10 wiezy wspot-
czynnik wypehienia zdefiniowany jest jako (10).
Wspodtczynniki sity oddziatywania dla elementow
ptaskich i okragtych opisuja zaleznosci (11). Wartosé
catkowitego wspotczynnika oporu dla sekcji S-10,
ztozonego z elementow ptaskich i okraghtych powinno
by¢ okreslone jako (12). Wspolczynnik natarcia wia-
tru K, = 1,0 dla kata natarcia ®, = 0°. W réwnaniu
(9) odnajdziemy udziat drabiny wlazowo-kablowej
w catkowitym wspotczynniku oporu aerodynamiczne-
g0. Wartos¢ tego parametru wskazuje wzor (14). Warto
w tym miejscu podkresli¢, ze w tym podej$ciu normo-
wym drabina wraz ze wszystkimi jej elementami tj.:
kablami, stopniami, szynami systemu bezpieczenstwa
itp. sg traktowane jako jeden komponent. Powyzsze
zatozenie prowadzi do okreslenia catkowitego wspot-
czynnika dla elementdw wyposazenia jako (15). Za-
tem dla segmentu S-10 rozpatrywanej konstrukcji
otrzymujemy wartos¢ wspotczynnika aerodynamicz-
nego jako (16). Rezultaty dla pozostatych sekcji wiezy
zostaty zebrane i przedstawione w tabeli 4.

4.2. Catkowity wspotczynnik oporu aerodynamicznego -
metoda dla przypadkow specjalnych

Zaleznos¢ opisujaca catkowity wspotczynnik oporu
aerodynamicznego zgodnie z [1] przedstawiona zo-
stata w (17). Gtéwna rdznicg pomiedzy prezentowa-
nymi w niniejszym opracowaniu metodami (ogo6lna
i dla przypadkéw specjalnych) jest traktowanie seg-
mentu konstrukcji wiezowej jako catosci bez podzia-
hu na konstrukcje i elementy wyposazenia w drugim
podejsciu obliczeniowym. W metodzie dla przypad-
koéw specjalnych bierzemy pod uwage oprocz Sciany
1 (metoda ogblna) rowniez $ciany 2 i 3 opisane na
rysunku 2. Uwzgledniamy poza tym efekt przesta-
niania elementow konstrukcji uzywajac w analizie
wspotczynnik przestaniania zdefiniowany w (18).
W tabeli 5 przedstawiono wszystkie parametry obli-
czeniowe niezbgdne do okreslenia oporu aerodyna-
micznego. Dla segmentu S-10 wartos¢ wspotczynni-
ka sity opisana jest w (20). W tabeli 6 zebrano wyniki
dla pozostatych segmentow wiezy.

5. Poréwnanie wynikoéw

Porownanie wynikéw uzyskanych na podstawie
dwoch niezaleznych procedur normowych zaprezen-
towano w formie graficznej na rysunku 3.
6. Wnioski

Przeprowadzone analizy pozwalajg na przedstawie-
nie nastepujacych wnioskow:
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na rysunku 3 mozemy zaobserwowaé, ze wybor
metody obliczenh w znacznym stopniu determi-
nuje uzyskane wyniki wspotczynnika c,,

analizy konstrukcji wiezowych o znacznym
stopniu ztozonosci, z elementami konstrukcyj-
nymi wykonanymi z elementéw okragtych i pta-
skich, wyposazonymi w kable, drabiny wtazowo
— kablowe, anteny i ich konstrukcje wsporcze
powinny zosta¢ przeprowadzone zgodnie z zato-
zeniami metody dla przypadkow specjalnych,
formuly obliczeniowe wyzej wymienionej meto-
dy wprowadzono w normie [1],

okreslenie wspotczynnika oporu aerodynamicz-
nego konstrukcji wiezowej na podstawie niepo-
prawnej metody obliczeniowej moze prowadzié
do przeszacowania wielkosci oddziatywania
wiatrem, co w przypadku analiz no$nosci istnie-
jacych konstrukcji moze prowadzi¢ do btednych
wnioskow 1 zalecen,

rezultaty w przedstawione w analizach otrzyma-
no stosujac metode dla przypadkéw specjalnych
1 korelujg z wynikami zaprezentowanymi w [3],
rozwazajac aerodynamike konstrukcji wiezo-
wych, warto podkresli¢, ze pomiary dla kon-
strukcji w skali naturalnej [7] udowodnity, ze
opor aerodynamiczny wiezowych konstrukcji
kratowych moze by¢ znaczaco mniejszy niz ten
okreslony na podstawie norm [1, 4].



