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Dynamic Wind Response of Guyed Masts
Mats haubannés dans le vent turbulent

Abgespannte Maste unter dem Einflul3 von
turbulentem Wind

MICHAEL SHEARS C.A. FELIPPA R.W. CLOUGH J. PENZIEN
University of California, Berkeley

1. INTRODUCTION

Engineering interest in the analysis of guyed masts was stimulated by the
introduction of radio transmission, and one of the earliest contributions, by
Walmsley (1) in 1924, was concerned with the static loeds applied to stay-ropes
used to support wireless masts. Problems associated with the dynamic behavior
of cebles have received much attention in classical texts for well over s cen-
tury. The motion of inextensible loose cheins and the small oscillations of
tight elaestic strings have been discussed extensively by Routh (2) in 1860, and
Rohrs (3) in 1851. Probably the earliest detailed method for the static and
dynamic analysis of guyed masts under the action of wind forces, however, was
due to Kolou¥ek (4) in 1947. 1In more recent years, due largely to the increased
heights end importance of telecommunications masts, there has been considerable
interest in this field of study, with notable contributions by Cohen (5), Dean
(6) and Davenport (7).

In the pest, the static analysis of guyed maests has usuelly been accom-
plished by treating the shaft as a continuous beam-column resting on non-linesar,
elastic supports using solution techniques based on modified slope-deflection
equations. Generally, the solution methods employed and the description of the
system have been rether cumbersome end not entirely suited to the enalysis of
the fully integrated guyed mast system. For this reason, various approximations
have been made in both the guy cable representation and in the manner of appli-
cation of the steady wind forces, the result being the evolution of a number of
similaer methods of analysis differing only in the number, or degree of epproxi-
mations to the resl system.

The dynsmic analysis of guyed masts has received very limited attention to
date, and those methods proposed are often quite unsuiteble for any deteiled in-
vestigation of the dynamic responses to fluctuating wind excitetions. An excep-
tion was the report by Hartmenn and Devenport (8) in 1966, which described the
spectral response aneslysis of a tall, guyed mast utilizing a single degree of
freedom, discrete parameter model to represent the cables. Even in this case,
however, the effect of the wird on the cables was neglected in the analysis.

The purpose of this paper is to report on detailed computer studies made
using a suitable discretized model to investigate the response characteristics

Schlussbericht
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of guyed masts under the action of turbulent wind influences (9). The model
representing the system is fully integrated geometrically and structurally, and
may be used to study both the static and dynamic behavior of the system. Esti-
metes of the dynsmic responses of a tall, guyed mast are evaluated deterministi-
cally using actusl wind velocity date, and non-deterministically using the
theory of random vibrations and incorporating available wind velocity spectra.

A comparison between the deterministic and non-deterministic responses, and a
discussion of the relative merits of the two procedures are also presented.

2. THE CABLE MODEL
2.1 Finite Element Discretization

The real csable is represented by an assembly of one-dimensional cable ele-
ments (CE) interconnected at nodal points located on the initial cable profile,
utilizing & lumped mass idealization for the dynamic znalysis.

_ _ The stiffness properties of the CE are derived in a local cartesian system
(x,¥,2z) where x is the chord axis and y is in the plane of the element. Three
degrees of freedom are defined at each node: the two displacements u and v in
the x and y directions, respectively, and the rotation ¢ sbout z. The CE stiff-
ness matrix includes the conventional axial stiffness and the geometric stiff-
ness, which accounts for the effect of the cable tension T. The secant CE axial
stiffness (along the x ax1s), which results from the assumption that the CE
profile is a shallow parabola, is given by (5)

- w e -1
N S L 1, (2T+AT) ]
EA 2k (T+AT)2 2

A Ac c
where c is the chord length of the element, W, is the total epplied loed normal
to the chord, E is the elastic modulus and A the cross-sectional area of the
cable materisl. Since AT and Ac are not known a priori, the tangent axial
stiffness

(2-1)

W -1
¢ ¢ 127

is used for each linearized step of the iterative static solution (Section 3.3).
The (6 x 6) CE stiffness matrix is completed with the geometric stiffness,
which is obteined by assuming a cubic v(x) variation defined in terms of the
nodal values of v and o.

2.2 Cable Frequency Studies

In order to test the convergence properties of the finite element idealiza-
tion as the number of elements is increased, the lowest natural frequencies of
a single cable were computed and compared with the results obteined from a
series solution for an assumed overall parabolic profile. Before presenting the
numerical examples, the parabolic cable solution is outlined for clarificstion.

Parabolic Cable Series Solution: The undamped equation of motion of an end-
fixed, inclined parabolic cable under a uniform dead load per unit of chord
length w, (Fig. 1), vibrating about the parabolic equilibrium position y(x) is
given by

W d2v d2
g dx dx

By expressing v(x,t) as a Fourier sine series
-]

vix,t) = ;i Yh(t) sin ng (2-1)
n=1
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and taking account of orthogonality, Eq. (2-3) may be reduced to two infinite
systems of ordinary differential equations representing the symmetric and
antisymmetric modes (8,9) of vibration.

For the symmetric modes (n odd)

Yn * 5n2 (1 + QE) Yn to i e zz
s=

I
3. Y, - g (2-5)

n-s

n

1,3...
T+dT sfn

where En =n n/(Ta/w c2) is the n-th taut
string frequency and

= —T 3 c:os2 e (2-6)

is a dimensionless constant providing the
cross coupling between the symmetric modes and
:Zig(xJ) hereafter termed the '"cable parameter". The
/ symmetric mode natural frequencies w, can be
computed from (2-5) using standard eigenvalue
techniques. For a relatively taut cable, the
cross coupling becomes negligible and ay, ap-
proaches o, whereas for a slack cable con-
siderable coupling develops, especially be-
FIG. | tween the first (n = 1) end second (n = 3)
symmetric modes.

For the sntisymmetric modes (n even), the frequency equation is identical
to that of a teut string ({ = 0) and w, = @, (n = 2,k....).

(@) TAUT CABLE , (b) SLACK CABLE
> E=24000 ksi 300
| =450k iam.=2in H=112.5K
L M Tromsv. Load=02kIf & %7 5
i) Y A A
—5 7?0‘
[=.19 2nd ANTISYMMETRIC £=12.18 2nd ANTISYMMETRIC
o T G T 5 R~
w,=11.26 (11.26) ty w,=5.60 (5.63)
= - | = —1~
o 4 2nd SYMMETRIC & 2nd SYMMETRIC
L 19 L B Wy
S /u -8.46 (8.46) S gy
° — 3 o w.=5.41 (5.51)
oy Ist ANTISYMMETRIC | “NIst SYMMETRIC
///‘..-'Aﬁmﬂhb ;// 1@&‘..-'AQP
° w,:563(563 w,= 3.83 (3.84)
5 “ S EE N e
Z 4 Q2 st ANTISYMMETRIC
3 s R A5
2 o 3
e pf—1I o | w,=2.77 (2.82)
[T o
o
S a— 8 16 32 % 8 & =
NUMBER OF CABLE SUBDIVISIONS NUMBER OF CABLE SUBDIVISIONS

FIG. 2 CABLE MODEL FREQUENCY CONVERGENCE STUDY
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Comparison of Results: A 300 ft. horizontal

17 cable under w = 200 plf was selected for the
16 comparison. Two midspan sags were assumed:
154 - INITIAL_TENSION 5 ft. for the taut case ({ = 0.19) and 20 ft.
BREAKING SIRENGTH for the slack case ({ = 12.16). Fig. 2 pre-
141 sents the results of the finite element fre-
LﬁIS- quency analysis for various subdivisions. The
-12- convergence is very fast in the case of the
{5||+ taut cable, and slower for the slack cable.
E] The frequencies obtained for the parabolic
3'0“ cable are indicated in parentheses.
& 4 Other Guy Cable Characteristics: To further
o 8 ensure that the cable model adequately repre-
w 7 sents the properties of guy cables, a numeri-
& 6 cal investigation of the fundamental frequen-
= cies was performed for a series of cables with
51 chord lengths verying between 250 and 1000 ft.
41 and initial tension levels between 10-20% of
3 the breaking strength. The range of cables
) investigated was intended to include most of
e the cables likely tc be used in the construc-
1 tion of guyed masts. A curve illustrating the
0 ——————— relationship between the cable parameter { and
0 20 40 60 80 100 the chord length to normal sag ratio is given
SPAN TO SAG RATIO in Fig. 3, which clearly shows that most prac-
FIG. 3 tical guy cables lie within a closely bounded

region. It was also found that for a given
initiel tension all cables considered fell on the same curve, indicating that
the cable parameter is a direct measure of the tautness irrespective of the
cable dimensions. The frequencies calculated using a six-element ceble model
were found to agree with the analytic solutions obtained from (2-4) to within
5%, see Fig. 4, indicating that the commonly assumed parabolic cable profile is
satisfactory for most guy cables.

3. THE GUYED MAST MODEL
3.1 Finite Element Discretization

In order to complete the finite element idealization of a guyed mast struc-
ture, a beam-column element (BCE) is required. The BCE stiffness matrix is also
generated in the local element system (x,y,z) defined in Section 2.1, end in-
cludes both the axial and geometric stiffness_contributions (as descrlbed for
the CE) plus the flexural stiffness in the x-y plane. The bending stiffness is
obtained by assuming a fifth-order v(x) expansion in terms of the transverse
displacements v, rotations @ and curvatures O@/Ox at the end nodes, the latter
two degrees of freedom being eliminated by static condensetion. Elements with

varieble section and inertia may be specified.

The BCE mess discretization results from static lumping of the element
mass at both end nodes.

The complete structure can be idealized as an assembly of both cable and
beam-column finite elements. The stiffness matrix, nodal force vector and
lumped mass matrix of the discretized structure are obtained by direct super-
position of the stiffness matrices, applied nodal forces snd lumped masses, re-
spectively, of the individual elements, after a transformation to common or
global coordinate systems at all interconnecting nodal points.

In this investigation, the guyed mast structure waes assumed to be symmetric
and symmetrically loaded with respect to a vertical X-Y plane, where Y is the
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4.0 40
8 = 60°
35/ 35
301 30/
251 25
w| wl
201 2.0
1.5 | 54
D C = 2000’ 0 [
% 05 10 15 20 25 30 35 40 O | 2 3 4 5 6 T 8
CABLE PARAMETER, [ CABLE PARAMETER, {
40 40
8 =30° , 8 =0°
3.5 35
30 30l
2.5 2.5
w, w,
20 2.01
1.5 | 51
105 T 533567800 BREre 012345678902 BRBI6
CABLE PARAMETER, { CABLE PARAMETER, [

FIG.4 FIRST NATURAL FREQUENCY w, (rad/%ec) OF GUY CABLES
INCLINED AT 8° CROSS-COUPLING BETWEEN MODES INCLUDED

vertical shaft axis. A finite element may represent either a single structural
component in the X-Y plane, or two members initially located in two vertical
planes X'-Y and X"-Y symmetrically placed with respect to the X-Y plane, and
which remain symmetrically located after deformation. Thus the actual three-
dimensional problem is reduced to a two-dimensional problem.

3.2 ILoading Actions

Static Loading: In the static analysis, the structure is subjected to its own
weight and the mean or steady wind pressure. The dead load is converted to
nodal forces by static lumping at the nodal points. The wind forces are calcu-
lated by assuming that the wind acts in the direction of the horizontal X axis
defined in Section 3.1, and that the meen velocity Vy(Y) at any height Y is
given by the well-known power law (10). The wind pressure on each finite ele-
ment is assumed to be uniform and determined by the velocity at the midheight
and the geometric and aerodynamic properties of the member (exposed width and
drag-1ift coefficients). The resultant element wind forces are then lumped at
the end nodes. In addition, concentrated wind forces intended to represent cer-

tain concentrated areas such as insulators, reflectors, etc., may be specified
at any nodal point.

Gust Loading for Deterministic Dynamic Analysis: The deterministic gust analy-
sis requires the specification of a wind velocity history from a set of digi-
tized velocity records Vx(t,Y;) taken at several heights Y;. This input can be
conveniently reduced to a dimensionless or '"reduced" pressure fluctuation
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p (6,Y) = — -1 (3-1)

where q, is the dynamic pressure corresponding to Vy and Ei is the average over
the sample used. Interpolation may be used if Y # Y;. In order to simplify the
analysis procedure in the present case, however, & reduced pressure fluctuation
Hye(t) = ux(t,Ym) computed from a sample taken at height Y, was used over the
entire structure as a multiplier on the actual static wind force distribution.
This assumption is probably conservative, since the vertical correlstion decay
is neglected.

Gust Loading for Non-deterministic Dynamic Analysis: The following assumptions
were made for the non-deterministic gust analysis:

(2) The horizontal gust component Vgx(t,Y) = Vi(t,Y)-Vx(Y) is a stationary
Gaussian random variable and small with respect to V..

(b) The cross-spectral density function proposed by Danvenport (10) and de-
scribed by Ferry Borges in the theme paper (11) represents the vertical
correlation of horizontal gustiness.

(c) The drag and 1lift coefficients are independent of the vibration frequen-
cies.

(d) The peak intensity level (o-level) of the response components is a function
of both the response spectra and the wind sample duration, as proposed by
Davenport (12), but extended for multi-degree of freedom systems.

3.3 Analysis Procedure

This Section describes briefly the main steps of the computer analysis of
the discretized structure.

Static Solution: Because of the presence of the guy cables, the structure is
geometrically non-linear. The static equilibirum position (SEP) under the
static loading is determined by a matrix iterative procedure of Newton's type.
A typical linearized step includes the following sequence of operations:

(a) Calculate the external nodal forces on the present geometry and the inter-
nal nodel force resultants from the element forces (exial forces and bend-
ing moments) determined at the previous step (in the first step, the only
internal element forces are the initial cable tensions specified on the
initial geometry). The unbalanced nodal forces are the difference of the
external and intermal forces.

(b) Evaluate the tangent structural stiffness and solve for incremental nodal
displacements, which, when added to the previous displacements, define the
new structure configuration.

(¢) Calculate the internal element forces in the new geometry (for each cable
element, the cubic equation (2-1) must be solved for T). Then repeat
steps (a) through (c).

The convergence to the SEP can be conveniently measured by the masgnitude of
the unbalanced nodal forces corresponding to the unconstrained nodal displace-
ments. Usually 4 to 6 iteration cycles are found to be sufficient for most
problems.

Frequency-mode Analysis: For the dynamic analysis, the structure is assumed to
oscillate linearly about the SEP. This assumption permits standard matrix mode-
superposition techniques to be used for both the deterministic and the non-

" "

deterministic cases. A set of "m" significant lowest frequencies w, and associ-
ated vibration modes {@r} is obtained by solving the vibration eigenvalue

problem:
(k] {o.} - of [u]{o} (r = 1,2...m) (3-2)
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where [K] is the tangent stiffness matrix at the SEP and [MJ the lumped mass
matrix. This is accomplished by reducing (3-2) to a standard eigenvalue problem
form after elimination of all rotational degrees of freedom.

Deterministic Gust Analysis: The normal response amplitudes Yf(t) are obtained
by solving the modal response equations

'Y'r(t) + 2 7rmra'fr(t) + mf, Y (t) = P& (t) (r =1,2,...m) (3-3)

vhere P. = < RT > {®,.} are the static generalized wind forces calculated using
the static wind forces {RW} at the SEP, and 7, are the modal damping coeffi-

cients. The time history of any desired quantity z(t) about its SEP value is

given by 5

z(t) = Z B . Y.(¢) (3-1)
r=1

where By, are the modal influence coefficients of z., The program generates
time response plots of nodal displacements, nodal accelerations and internal
element forces, as well as the peak or envelope values.

Non-deterministic Gust Analysis: The gust response spectra of the discretized
structural model are evaluated for each contributing vibration mode using stan-
dard random vibration techniques (13). This procedure requires a double inte-
gration to be performed over the structure, the integration being reduced to a
double summation over the model elements using a Gauss-Legendre numerical quad-
radure formula for a set of conveniently spaced frequencies (from w = O to

w = Qwr). The modal variances op are then computed by numerical integration of
the response spectra over the significant frequency range. A program option
allows the cable elements to be excluded from the analysis for the purposes of
comparison.

The variance or mean square oscillation cg of any desired quantity z(t) is
easily calculated by mean square superposition of the modal variances weighted
by the modal influence coefficients B,,.. Finally,oz is multiplied by the
peak value or g-level of z(t), which is computed as proposed by Davenport (12).

L, GUYED MAST EXAMPLE

4,1 Description

A tall guyed mast having four sets of three-way guy cables and a cantilever
antenna was chosen for the present example. The dimensions and structural prop-
SHAFT erties of the system, see

ANTENNA | 968'v_[A(ft3)[Ift*)]| Fig. 5, were based on the CFPL
> 902'v [0.420|0.05| mast described by Hartmann and
CABLEI—U%"¢ Davenport (8) with certain
modifications.

67I'v |0.672|2.87

7|l
CABLEZ-Ig b The fluctuating wind ve-

locities used in the determin-
440 v |0.672|3.45| istic dynamic studies were ob-
tained from the NASA 150-meter
\\>Q& . meteorological tower located at
215 v [0.78214 20| the Kennedy Space Center (KSC)
in Florida. The data was re-
' corded on magnetic tape and
[ 320° © 160’ | Ov 058415.30 then digitized at 10 records
‘ 494’ 247 per second (14), although in
the present investigation data
intervals of 0.5 seconds only

FIG.5 MAST PROPERTIES AND GEOMETRY were used, the velocity at

CABLE 3-1%" ¢

CABLE 4-13" ¢
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WIND VELOCITY (m/sec)

T
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O i i

\
(o] | 2 3 4 5 6 T 8
TIME (mins)

FIG.6 WIND VELOCITY RECORD FROM I8 m AND 150m KSC MET TOWER

each interval being the average of five digitized values. A plot of a 12 min-

ute segment of the wind velocity record measured at the 18- and 150-meter levels
is shown in Fig. 6, which clearly indicates the increase of the mean velocity
with height and the randomly fluctuating nature of the gusts. It is also noted
that the fluctuations are somewhat more intense at the lower elevation, and, for
this reason, the wind records used to evaluate the system responses were taken
from the 150-meter level, corresponding to about mid-height of the mast. Wind
velocity inputs of ebout 2 minutes deviation were considered sufficient to give

estimates of the responses, since the longest periods of the system rarely ex-
ceed 5 seconds.

mAAA
o
o

The mast was assumed to be located in open country, for which the mean wind
velocity was taken to follow a 1/7th power law variation with height. The para-
meters required to completely define the cross-spectral density of the horizon-
tal wind velocities proposed by Davenport (10), namely the ground drag coeffi-
cient and exponential decay coefficient, were taken to be 0.00l and T, respec-
tively.

4.2 Refinement of the Guyed Mast Model

To avoid excessive computer analysis time, tests were mede to determine the
least refined model, which still gives uniform responses compared with more re-
fined models. Three models were considered, see Fig. T, with the properties
shown in Fig. 5 and also with the shaft elements considerably stiffened. The
initial cable tension level was taken to be about 11.5% (standsrd) of the break-
ing strengths for each test, and the mean wind velocity +75 mph at the 1O-meter
elevation. The viscous damping of the system in this and subsequent tests was
taken to be 0.6% of critical for all modes.

REFINED MODEL INTERMEDIATE MODEL SIMPL:FIED MODEL
FIG. 7 NODAL POINT ARRANGEMENTS FOR GUYED MAST MODELS
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The results of the static and deterministic analyses showed that the inter-
mediate model responded in a uniform manner compared to the refined model (which
should be used to obtain the responses in the final analysis of a real problem),
whereas the simplified model responses suffered considerable variability. The
intermediate model was then used to study the influence of a number of parame-
ters on the system responses, with a saving in computer time of the order of
60% for a full static and frequency-mode analysis, and up to about 35% for a
deterministic dynamic analysis. The parameters studied include shaft stiffness,
initial cable tensions, the mean and fluctuating wind velocities, and the wind
on the cables.

4,3 Results of the Guyed Mast Studies

Static Responses: The results of numerous tests on the intermediate model for
the influencing parameters outlined above indicate that the shaft responses are
controlled largely by the cable sizes and spatial arrangements, and, once these
have been selected, the shaft displacement and bending moments are little in-
fluenced by changes in the initial cable tensions or the shaft stiffness. In-
creasing the cable sizes by 50% resulted in reductions in the shaft displace-
ments of up to 30% for identical initial tensions. The shaft moments in this
case were redistributed, but still little changed in magnitude, indicating that
the flexural behavior of the shaft 1s a relatively unimportant design parameter
for a given cable arrangement. For initial tensions between 10-20% of the
breaking strengths it was also found that, although the guy cables exhibit non-
linear properties locally, the overall guyed mast behavior is closely linear
for wind velocities up to about 60 mph, beyond which linearity is lost.

In the above tests the E—displacements (see 2.1) of the CE were neglected,
and further tests using & revised program to include these effects showed that
the shaft displacements had been underestimated for positive winds and overesti-
mated for reversed winds, resulting in_s loss of linearity of the system for
positive winds. The influence of the z-displacements of the CE emphasizes the
importance of including the wind on the cables in any analysis.

Deterministic Dynamic Responses: Increasing the shaft stiffness was found to
have little effect on the cable modes of the system, since the static cable ten-
sions at the SEP are themselves unaffected, but has a direct influence on the
predominent shaft mode frequencies, which results in some increase in the shaft
displacements and a rapid imcrease in the shaft bending moments. Increasing the
initisl cable tensions, however, had the opposite effect snd the predominant
cable modes only were influenced. The result in this case was a slight overall
reduction in the shaft displscements and moments, although these effects were
somevhat variable, particularly for the antenna cantilever, which tends to act
as an independent appendage and has a considersble influence on the shaft modes.

As steted earlier, a two minute fluctuating wind input teken from the 150-
meter level of the KSC met. tower wes used to evaluate the deterministic dynamic
responses in the tests to study the various influencing psrameters. The re-
sponses due to records of one, two and three minutes duration taken from the
150-meter level sre listed in Table 1 for comparison, since it may be postu-
lated that, for a record of duration less than 20 minutes or so, the proba-
bility of higher intensity wind gusts occuring in the record increases with
increased length of the record. To illustrate the effect of the apparent in-
creased gustiness at lower elevations of the KSC tower data, the responses due
to a two-minute input taken from the 30-meter level are also tabulated. In
each case the responses are based on the SEP due to & +75 mph mesn wind veloci-
ty et 10-meters, with the z-displacements neglected. Effective "gust factors"
based on response are presented for comparison with the non-deterministic re-
sults and the quasistatic procedures commonly used in design offices. Shaft
exial force and cable tension responses are not tabulated, since the dynamic
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contributions were found to be generally small, usually less than 30% of the
corresponding static maxima.

Table 1 ;
KSC met. wind record . (duration/elevation)
Hospenae 2 min/30m 1 min/150m 2 min/150m 3 min/150m
x-acceleration
*Node 1 0.7lg 0.27g 0.31g 0.35g
2 0.29¢ 0.09g 0.10g ~0.10g
x-displacement (ft)
Node 1 3.93 1.29 1.77 1.94
2 1.48 0.59 0.76 0.88
3 0.92 0.28 0.57 0.59
k| o8 | o2 Cod2 | ot
Gust factor on
x-displacement
Node 1 2.88 1.62 1.85 1.93
2 2.11 1.45 1.57 1.66
3 2.16 135 1.72 1.74
s | 259 1.47 1.8 | L2
Bending moment (kft)
Node 2 355.0 128.5 161.0 171.5
3 530.5 230.5 271.0 201.9
h 316.0 11k4,.5 127.0 194.0
I > _Lb1.5 119.0 201l.5 222.9
Gust factor on
bending moment
Node 2 4,6k 2.32 2.65 2.76
3 2.16 1.50 1.60 1.64
b 2.68 1.61 1.68 2.03
5 2.76 1.47 1.80 1.89
*¥See Fig. 5

Due to the coupling between the system modes and the dependence of modal
sequence on the overall system stiffness, it is difficult to preselect the im-
portant modes influencing the responses. Further tests to study the modal con-
tributions showed that the choice of modes for the dynamic response calcula-
tions can be made on the basis of the magnitudes of the modal generalized
forces, and this procedure was adopted for the non-deterministic analyses.

Non-deterministic Dynamic Responses: The non-deterministic responses of the
intermediate model listed in Table 2 were evaluated from the SEP's due to the
+75 mph basic mean wind velocity, first with the z-displacements of the cables
neglected, for comparison with the deterministic results in Table 1, and then
with the z-displacements included. Also tabulated are the mean peak intensity
levels (see 3.2) and the effective "gust factors" for each response. The axial
force responses are agein omitted, due to the relatively small dynemic influ-
ences involved.

The effect of ignoring the z-displacements of the cables is seen to over-
estimate the system responses by up to about 20%, although it was found in
further tests that the corresponding responses mey be underestimsted by as much
es 40% if the wind pressure on the cables is ignored completely in both the
static end dynamic enalyses. It is noted from Table 2, however, that the shaft
acceleration responses are not affected by the z-displacements of the csbles,
since they are meinly influenced by the predominant antenna-shaft modes.

The shaft displacement responses obtained by neglecting the z-displace-
ments of the cables are seen to compasre fairly closely with the corresponding
deterministic responses due to the 30-meter wind record, which is clearly
conservative since the same gustiness is assumed over the full height of the
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mast. The average gustiness of the 150-meter record provides the more realis-
tic deterministic responses, which tend to maximum values somewhat less than
the non-deterministic responses.

Table 2
z-displacements z-displacements
Seaponse i neglected ] al included e
X-acceleration
Node 1 0.57g L.42 0.57g 4 ho
2 .. .| .._0O.c6g k.ho 0.26g .50
x-displacement (ft)
Node 1 3.60 L.35 3.28 b.37
2 1.62 4,3k 1.34 4,37
3 0.kl L4k 0.37 4 45
| oo ] 0,33 | hhs | 0.31 .46
Gust factor on
x-displacement
Node 1 2.73 1.95
2 2.22 1.55
3 1.52 1.33
N B 1.65 o 1.52
Bending moment (kft)
Node 2 280.7 L. k2 278.5 L. 42
3 458.5 L2 375.0 4,40
L 221.0 L. 52 209.0 4,51
5 228.5 L.49 229.5 L. kg
Gust factor on
bending moment
Node 2 3.88 3.81
3 2.00 1.58
i 2.18 2.02
5 1.91 1.84

*P = peak intensity level (sigma level)
5. CONCLUSTIONS

The finite element model is shown to provide a suitable representation of
the guyed mast and allows detailed static and dynamic analyses to be performed
on a fully integrated system. Several hitherto ignored factors, such as the
wind effect on the cables and concentrated areas, and the use of the deflected
static equilibrium position as the mean dynamic configuration, can be naturally
included. The behavior of the actual structure can be arbitrarily epproximated
by a mesh refinement process limited only by the capacity of the computer
program, and the incorporated static and kinematic assumptions.

The computer program has been used in the analysis of a number of complex
guyed mast systems, but can also treat arbitrary two dimensional structures, in-
cluding suspension bridges. Moreover, the methods described in this paper can
be extended to include any conceivable structural system by constructing the
appropriate finite element models.

The deterministic responses due to a single wind record sample depend on
the duration of the sample, as well as the atomospheric conditions at the time
and place of measurement. These observations suggest that wind record samples
are not a useful means of determining the probable maximum responses, unless an
ensemble of such samples is used and the resulting responses evaluated on a
statistical basis. This procedure is tedious and uneconomic, and, due to the
random nature of the wind gusts, the use of stochastic procedures is clearly
the more rational approach. Deterministic methods, however, do have useful
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applications in providing time-histories of response, particularly if used in
conjunction with actual response measurements.
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SUMMARY

This paper reports deteiled computer studies made using a suitable dis-
cretized model to investigate the response characteristics of guyed massts under
the action of turbulent wind influences. The actusl structure is idesalized in
the form of & finite element model, which is fully integrated geometrically and
structurally. Estimates of the dynamic responses of a tall, guyed mast are
evaluated deterministically using actual wind velocity records and non-deter-
ministically using the theory of raendom vibretions and incorporating available
wind velocity spectra. A comparison between the deterministic and non-deter-
ministic responses, and a discussion of the relative merits of the two
procedures is presented.

RESUME

On présente ici une technique detaillée d'analyse sur ordina-
teurs de la réponse de midts haubannés sous l'action du vent turbu-
lent. La structure est représentée par un modele discret d'élé-
ments finis qui tient compte de tous les paramétres géométriques
et structuraux actuels. La réponse dynamique d'un mAt haubanné
élevé est obtenue de deux fagons: par une méthode déterministique
utilisant des vitesses du vent réellement enregistrées; et par un
modéle statistique qui utilise la théorie des vibrations aléatoires
et des spectres de réponse au vent probables. On compare les solu-
tions obtenues par les deux méthodes et 1l'on discute leurs mérites
respectifs.

ZUSAMMENFASSUNG

Dieser Bericht enthdlt detaillierte Computer-Analysen des
charakteristischen Verhaltens abgespannter Maste unter dem Ein-
fluss von turbulentem Wind. Das eigentliche Bauwerk ist durch end-
liche Elemente idealisiert, das alle geometrischen und baulichen
Parameter enth&lt. Das dynamische Verhalten von hohen abgespann-
ten Masten wurde mit zwei Methoden ermittelt: Die erste basiert
auf eigentlichen Windgeschwindigkeitsmessungen und die zweite
verwendet statistische Methoden unter Zuhilfenahme von vorhande-
nen Windgeschwindigkeitsverteilungen. Ein Vergleich dieser beiden
Verfahren mit ihren jeweiligen Vor- und Nachteilen wird erl&utert.
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