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ABSTRACT

World class stadium structures feature tall light-towers with significant head-frames and long-span cantilevered roof
forms. This paper describes the assessment of dynamic effects due to wind loads for two stadia currently under con-
struction; Simonds Stadium and the Adelaide Oval Redevelopment. The contribution of dynamic loads to the along-
wind response for the Simonds Stadium Light Towers is detailed, along with cross-wind serviceability response. Sim-
ilarly the dynamic effects of the Adelaide Oval Southern Grandstand Roof are assessed, with structural loads deter-
mined using the innovative load-response correlation method. The light towers and long span grandstand roof are ex-
amples of one and two dimensional structures analysed using wind engineering statistical methods.

INTRODUCTION

Wind induced dynamic loading can be significant for tall and
long span structures such as sport stadium light towers and
grandstand roofs. Although Australian Standards may be
used to approximate dynamic wind loads for simple struc-
tures, this approach leads to inaccurate and conservative
loads when applied to unusal forms. This paper considers
dynamic wind loads on the Simonds Stadium Light Towers
in Geelong, Victoria, and the Adelaide Oval Southern Grand-
stand Roof in Adelaide, South Australia. Both of these struc-
tures have natural frequencies of below 1 Hz, and may be
dynamically excitied by turbulent fluctuations in the wind
(Figure 1). Wind tunnel testing was used to determine the
structural loads and dynamic effects on both structures, al-
lowing for efficient and accurate structural design. In addi-
tion to outlining the theory involved with the dynamics of
flexible structures, this work provides an example of collabo-
ration between industry and reseach institutions.

Simonds Stadium

Simonds Stadium, Geelong, is the home stadium of the Gee-
long Football Club. As part of the extensive redevelopment

of the stadium, new light towers have been constructed to
improve the lighting standard in the stadium. The 70 m high-

light towers are of cylindrical tapered pole design, with a

large triangular head frame supporting between 101 and 130
light fittings (Figure 2).

Adelaide Oval

Following the recent upgrade of the Western Grandstand at
the world renowed Adelaide Oval, redevelopment of the
Eastern and Southern Grandstands is now underway (Figure
3). The Southern Grandstand Roof is a large span (150 m)
cantilevered roof, with cladding attached to a curved diagrid
structure.

The unusal forms of both the Simonds Stadium Light Towers
and Southern Grandstand Roof were not considered in Aus-
tralian Standards. Wind tunnel testing was used to determine
the structural loads and dynamic effects on both structures, as
well as surface pressures for cladding design.
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Figure 1 Spectral density of fluctuating wind at a height of
10 m (after Holmes 2007)
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Figure 2 3D architectural render of Simonds Stadium featur-
ing new light towers

Figure 3 Artists impression of the completed Adelaide Oval
Redevelopment
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THE ATMOSPHERIC BOUNDARY LAYER

The properties of wind in the Atmospheric Boundagyér
(ABL) are inhomogeneous, generally varying with dini
above ground level. Wind loads on structures diectgd by
both the mean wind speed and turbulence. Note Wiat
Engineering is normally associated with a neutrathatified
boundary layer, and that for high wind speeds & haen
found that there is little deviation from neutrabumdary
layer properties (Simiu & Scanlan 1996).

Mean velocity profile

The interaction of the wind with the rough grouraises a
local decrease in momentum close to ground lewgbdlent
mixing transports the momentum deficit through leighe-

gions of the boundary layer. Hence a velocity fpeois de-
veloped with low velocity wind close to the groumagreas-
ing with height above ground level to the flow \aty at the
upper limit of the boundary layer. The mean velpgitofile

for a neutral boundary layer is described by a ritigaic

relationship (Holmes 2007):

*
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WhereUy is the mean wind speed at a height above ground

elvel z,u* is the friction velocityx is the von Karman con-
stant, and, is the roughness length, which is a function of
the roughness of the upwind terrain. In Australaandards,
terrain roughness is coarsely graded into Terrated@oaies
(TC) 1 to 4, representing various terrain types tSgare 4).

The power law is another common mathermatical icalat
ship used to describe the mean velocity profiléhien ABL.
The power law is defined as (Holmes 2007):

=G @

Wherel; andU, are the mean velocities at heightsandz,
respectively, anc is the power law exponent, which, likg
for the logarithmic law, is a function of the roungss of the
upwind terrain.

Turbulence

The atmospheric boundary layer is highly turbulemith
random fluctuations of velocity superimposed on thean
velocity. These turbulent fluctuations are known"@ssts”,
and follow a Gaussian distribution about the meamdwe-
locity. The instantaneous wind velocity, is given by:

Uity= U0 +U'(t) (3)

WhereU is the mean velocity, and (¢)is a fluctuating com-
ponent due to turbulence. Infrequent high velogigts (ie
large fluctuating components), known as “peak gudtser-

mine the maximum envelope for wind loads on stnastu

Turbulence in the ABL is three dimensional, with dén
tudenal (along-wind), lateral (cross-wind) and ieadt com-
ponenets. The lognitudinal component of turbulercef
primary importance for most wind engineering apgtins,
described by the turbulence intensity:
Oy

L, =—= 4

W=7 @
Wherel,, is the longitudinal turbulence intensity amgdis the
standard deviation of the longitudinal velocity. Aéth the
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mean velocity profile, turbulence intensity is degant on
the roughness of the upwind surface and the heigbte
ground level (see Figure 4). Turbulence intensitythe lat-
eral and vertical directions are approximately 88 55%
of longitudinal respectively (Holmes 2007).

Turbulence intensity
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Figure 4 Comparison of mean velocity (solid) and turbulence
(dashed) profiles with surface roughness

Wind spectra

The frequency content of turbulent fluctuationsghia wind is
described by the spectral density function. Théulence
spectral density resolves the contribution to thedwspeed
variance for a turbulent fluctuation with frequepay

o2 = wau(n) dn (5)
0

Where ¢ is the variance of the longitudinal velocity and
S.(n) is the spectral density function of the longitwdin
component of velocity. There are various formshaf spec-
tral density function with the most well known bgia modi-
fication of the von Karman spectrum (Holmes 20@igure

5 presents a plot of the non-dimensional form:

a4
2 (6)
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WhereS,, (n) is the spectral density at frequengyand?,, is
the integral length scale of longitudinal turbulenc
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Figure 5 Non-dimensionalised von Karman spectrum

The integral length scale provides a measure oftlezage
length scale or “size” of turbulent eddies, in thése for the
longitudinal or along-wind direction. Large edd{esmpara-
ble to the size of the structure) cause large taige fluctua-

tions in pressure across the facade of a structune,are of
primary importance for structural design. Smalleldies

induce wind loads that are uncorrelated acroséaitele of a
structure, causing local peak pressures which taffex de-

sign of cladding and supporting members. Also shamn
Figure 5 is the normalised spectrum of the verticadbcity

component relevant for horizontal structures sulbridges
or roofs.
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Statistical analysis

The relationship between wind velocities at twonp®iin
space is important to accurately define wind loadth the
correlation coefficient used to define this relaship for
points separated vertically as:

_ u(zl)u(ZZ) (7)

corr =
Oy (Zl)Uu (ZZ)

With u(z,)u(z,) the covariance between the fluctuating

(longitudinal) velocities at two different heightShis rela-
tionship is useful for estimating wind loads onl &ttuctures,
and for estimating span reduction factors for hmntal struc-
tures. It can be shown that the correlation coefficvaries
exponentially with the separation distance.

The power spectral density of the cross-correlati@miation
of correlation with time) is useful to understame tcorrela-
tion of fluctuating velocities at different heighdad at differ-
ent frequencies. This can be represented as amenpal
function of separation distancAz, and frequencyn, (for
vertical separation, longitudinal turbulence):

corr(Az,n) = exp [— (kr;7A2>] 8)

Wherek is an empirical constant ranging between 10 and 20

for atmospheric turbulence (Holmes 2007).
Extreme value analysis (design wind speeds)

Structural design for wind loading is based on wapegeds
with a given average recurrence interval. Althoégistralian
Standards provide design wind speeds for Austratiare
accurate design wind speeds can be obtained atiatisal
analysis of wind gust data from weather stationth@same
geographical region as the site. This approach wgasl to
determine the design wind speed for the Simonddi8ta
Light Towers.

Wind data was obtained from the Bureau of Meteonplog

(BOM) weather stations in the Geelong area. The deng
running BOM weather station provided wind gust daga
ginning in 1941. A Type 1 Extreme Value Distributialso
known as a Gumbel Distribution) was fitted to aadsgt of
annual maximum gust wind speeds, extracted fronhister-
ical wind gust data. The cumulative distributiomdtion of
the Type 1 Extreme Value Distribution is given by:

Fy(U) = exp{—exp[—(U — 1) /B1} 9)

WhereU is the maximum wind speed for a defined perjod,
is the location parameter of the Type 1 distributiandp is
the scale factor of the Type 1 distribution. Thiewaed the
maximum wind gust for any return period to be chlted,
by the following formula:

U =u+pBlog.R (10)
Wherely, is the maximum wind gust for a return periodrof
years (R >5).

WIND LOADS

Pressure coefficients are non-dimensionalised salsed to
relate surface pressures to reference wind sp@bésmeas-
ured surface pressure is normalised against the chegamic
pressure at a reference height:

__pr
1/2PH§

Cp (11)
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Where C,, is the non-dimensional pressure coefficigntis

the surface pressure, is the density of air, and, is the

mean velocity at the reference height. The pressasdfi-

cients of most relevance to wind engineering aeerttean,
(fp, peak positive(fp, and peak negativé,,, pressure coeffi-
cients, referenced to the mean dynamic preséyféqoﬁg, as
shown in Figure 6. Full scale peak pressure caeffts are
calculated using an upcrossing method, details lo€hlware
found in Melbourne (1977).
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Figure 6 Pressure coefficient time trace

Using the quasi-steady assumption (Holmes 200€gritbe
shown that:

o -
ap = CppUay, = 21,CpopU? 12)

Where g,, is the standard deviation of pressure. Peak wind
loads,F, can be determined from:

1 — A~
spUZC,A (13)

ﬁ =
Where A is the area over which the pressure acts. Non-
dimensional force (eg. lif;, drag,Cp, base momeng,,, or
base shearGz) or moment coefficients can similarly be de-
fined.

Body induced loads

Fluctuating wind loads are not only caused by tlahece in
the incident wind, as previously outlined, but ailststeady
flow generated by the structure itself. Vortex glind is one
such body induced flow phenomenon and is dire@lgted
to the geometry of the structure. Vortex sheddmgdused
by the periodic separation of shear layers onradtersides of
a body, with each shed vortex inducing a pressiffierential
across the body and hence cross-wind force. Therefrtex
shedding therefore imposes a fluctuating cross-vignce on
the body which is close to harmonic in nature. ¥nrshed-
ding for a given cross sectional shape can be ibescby the
Strouhal number:
s ngsb

t= i (14)
Wheren; is the frequency of vortex shedding, ands the
cross-wind body width. Strouhal numbers are defified
various bluff body geometries, typical Strouhal fems for
circular and square sections are 0.2 and 0.12 ctgply.

Aerodynamic damping

For very flexible structures which deflect sign#itly under
wind load, the motion of the structure itself issaurce of
fluctuating load. This component of wind loadingkisown
as aerodynamic damping, and may act to reduce rtipdi-a
tude of wind induced vibration (positive dampingy, in-
crease the amplitude of vibration (negative dampifgsi-
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tive aerodynamic damping includes such effects easdy-
namic galloping and flutter. Vibration due to negataero-
dynamic damping may be mitigated by increasingcstinal
damping, through design alternations or the additvibra-
tion dampers. The vibration damper for wind turbiowers
shown in Figure 7 is one such example, with a dairiod-
age connecting the top part of the tower to a loteever
section.

Damper

Figure 7 Vibration damper for wind turbine towers (after
Tsouroukdissian et al 2011)

WIND LOADS AND STRUCTURAL DYNAMICS

The response of a single degree of freedom stri¢tuwind
loading is shown conceptually in Figure 8, with tvell
known equation of motion given by:

mi(t) + cx(t) + kx(t) = F(©) (15)

Where the massy, stiffnessk = (2nn,)?m, with the natu-
ral or resonant frequency,, and the damping; = 2{vkm,
with ¢, the critical damping ratio. The force appliedatated

to the incident wind pressurg(t), and windward areaj, of
the body by (t) = p(t)A, and the response of the structure
is defined in terms of displacement, velocity ocederation
given byx, x, and¥ respectively.

x(t)

Figure 8 Conceptual single-degree of freedom structure with
applied wind load

In addition to the mean response are the variancesponse
due to turbulence termed the “background” compagnand
due to excitation of structural modes, termed tesdnant”
component. Using a frequency domain approach, rit wa
shown that the load is affected by the size of dtracture
relative to velocity variations over the structure:

4F?
Sp(n) = sz(n)su(n) (16)

Where y%(n) is the termed the aerodynamic admittance. It
can be shown that the power spectral density ofébponse
is given by (Holmes 2007):

1 452
Sy(n) = P [H(n)|?Sp(n) = Tz [Hm)>x?(m)S,(n) (17)

Wherex is the mean response, witlil (n)|? the mechanical
admittance), andH (n)| the familiar dynamic amplification

4
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or magnification factor. The mean square fluctuptie-
sponse can then be approximated as (after intagras per
Equation (5):

o2 = 4%2[2[B + R] (18)

Where the background fact@®, is independent of frequency
and caused by turbulence with power below the ahfue-
quency, andR is the frequency dependent resonant factor

given by (with°|H (n)|2dn = (mn, /4{)) (Holmes 2007):

T, S

B —fo )(Z(n)g—l%dn 19)
S,(ny)n

R= )= o7 (20)

The design of structures must take into accounk pesds,
rather than mean-square loads, hence the Austrilisml
Code AS 1170.2 (Standards Australia 2011) introduees
peak factorg, for a given response (typically with a value of
between 3 to 4):

X=X+ goy (21)

And a gust factorG, for a given response:

G =

Ril &

=1+g%=1+2g1u\/B+R (22)

The peak factor depends on the time interval foickwvihe
maximum value is required, and the “cycling rate"effec-
tive frequency of the response.

Most structures cannot be simplified to a singlgrde of
freedom system, hence it is necessary to defined@tion

of motion for a continuous one-dimensional system (ow-

er of length,H) using generalised or modal coordinates. This
can be done after replacingt) in equation (15) wittx(z, t),
hence equation (15) can be written as:

mE(t) + ¢"E(t) + k(1) = F*(1) (23)

Whereé(t) is the modal coordinate(z, t) = é(t)p(z) with
¢(z) the mode shape; modal mass, = fOHm(Z)qoz(z)dz,
modal stiffness,k* = (2nn;)?m*, modal damping,c* =
2{Vk*m* = 2{wm*, with w = 27n the angular frequency,
and the generalised force a&'(t) = fOHF(z, e (2)dz.
This can be further expanded to two or three-dinoerad
structures, multi-modes (coupled or uncoupled) disdrete
form using matrix notation. It can be shown tha& tBsonant
response is given by z(z) = oz ¢(z), with :

1 |y
% == 4_<5F*(n1) (24)

WhereSz-(n,), is the power spectral density of the general-
ized force derived ah; (this is similar to equation (16)
though weighted by the mode shape and mean veldisity
tribution). The effective static load distributigeSLD) for
the resonant response is given by:

Fr(2) = gror(2) = grm(2)0x(2)F* (25)
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Wheregr andoy are the peak factor and standard deviation

for the resonant component respectively, angdz) =

w?0,(z) is the RMS acceleration. The ESLD for the back-

ground response can be calculated using a time idoapa
proach, as shown by Kasperski and Niemann (1992):

Fy(2) = gpop(z) = 9gsp(2)o,(2) (26)

Where gy is the peak factor for the background component,

p(2) is the correlation coefficient between the flutiug

load at pointz on the structure and the load effect of interest,
and g, (2) was defined earlier (equation (12)). Finally, the

ESLD for the mean response is given by:
F(2) = 5pU%(2)Cp(2)b(2) 27)

Wherefp(z) is the mean pressure coefficient, @rfd) is the

width of the structure at height These components can be

combined as:

F(z)=F@2)+ /Fg(z) + F3(2) (28)

WIND TUNNEL TEST METHODS

Wind engineering wind tunnel tests involve placiaig in-
strumented physical scale model of the developroginiter-
est in similarly scaled wind. Measurements for Simonds
Stadium Light Tower and Adelaide Oval were carramd
using the atmospheric boundary layer wind tunnéheatUni-
versity of Sydney. This tunnel has a cross-seaiioh5 nf, a
turntable of diameter 2.3 m and a boundary layefldp-
ment length of 15 m.

ABL simulation

The minimum requirements for an acceptable sinaatif a

neutrally stable atmospheric boundary layer arenbdeling

of:

¢ The variation of mean wind speed with height,

e The variation of longitudinal component of turbuen
with height,

« The integral scale of turbulence,

« A zero longitudinal pressure gradient (achievedugh

the used of a slotted ceilings or open test sertion

(AWES 2001).

Wind tunnel flow conditioning devices were useccteate a
scaled boundary layer with velocity and turbuleokaracter-
istics appropriate for the terrain category of thpvind ter-
rain. The flow conditioning devices included a thpard,
spires and roughness elements positioned over ehelap-
ment length of the wind tunnel.

Near-field flow

Nearby structures or topographical features infieethe near
field flow and are included as part of the windrtahmodel.
All major structures and topographical featuresinita radi-
us of a few hundred metres of the building site raceleled
to the correct scale.

Model-prototype similarity
The fundamental concept of wind tunnel testinghiat tthe
model and the wind should be at approximately thmes

scale. Geometric scale is important, as it detezmihe size
of the model and calibration of the wind; howevppm@pri-
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ate velocity, time and frequency scales are alscasary for
instrumentation sampling and frequency responseactet-
istics.

The Reynolds number denotes the ratio of inertiedefe to
viscous forces, and is of particular significanoedevelop-
ments featuring elements of circular cross sectiReynolds
number greatly affects drag for these elementsagpdoxi-
mate Reynolds number similarity is required durinopdv
tunnel testing. For most developments, it is sigficto meet
a minimum Reynolds number due to difficulties megtihe
prototype Reynolds number at model scale.

Measurement methods
High frequency base balance

Measurements of base forces and moments are mamgaus
lightweight stiff model with a high natural frequsn typical-
ly constructed of acrylic or lightweight wood. Theodel is
mounted on a six degree of freedom high frequereseb
balance (HFBB) and is otherwise mechanically isoléteoh
the rest of the wind tunnel. Strain gauges in tiFBB sense
the imposed wind loads, with the strain gauge d&ggampli-
fied and combined into analog representations efftinces
and moments about the 3 axes. The dynamic propeatitne
stiff model ensure that the base loads will notirtfirenced
by resonance of the scale model.

Pressure taps

Scale models required for pressure measurementyoally

constructed from acrylic using traditional model king

techinques, and plastic resin using rapid protypéaofniques
(eg stereolithography, laser sintering). Surfacesgure
measurements on the model are made using presgse
which are connected via tubing to pressure traredudhe
transducers convert the measured pressure to atricdé
signal which is then digitised and adjusted by kbration

factor.

—

The instrumentation at the Sydney University winhrtel

allows surface pressures to be measured simultatyefou a

particular wind direction by using a 64 channeladatquisi-
tion system with a multiplexer per module of 64gstgre taps
(4 modules of taps or 256 total taps). Each modukime-

shifted so that signals from all taps can be casid simul-
taneously. In addition to the local pressures nreaisat each
tap on the model, reference static and dynamicspres
(measured using a pitot-static tube) are measurdteadge
of the turntable at a reference height. The refardreight is
necessary to convert measured pressure to presseffici-

cents (Figure 9) and is selected to minimise tuahce, flow
intereference from the model, and interference Withwind

flow incident on the model.
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Figure 9 Plot of measured coefficients vs wind direction for
a single pressure tap
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SIMONDS STADIUM LIGHT TOWERS

Site extreme wind speed

The design extreme wind speed for the Geelong e
calculated using meteorological data and equat{®hsand
(10). The 1000 year return period gust wind spéed.(1%
probability per annum) of 49.4 m/s at the RAAF Ldeoa
BOM weather station was 7% higher than the 1000 year
turn period gust wind speed of 46 m/s provided tem8ards
Australia (2011). A gust wind speed of 49.4 m/s wese-
fore used as the design wind speed for designeoBtmonds
Stadium Light Towers.

- /
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e |\ax gust (RAAF Laverton)

Return Period (Years)

e AS 1170.2 Region A

10
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Max gust Wind Speed (m/s)

Figure 10 Comparison of maximum gust wind speed with
return period for Geelong region

Drag coefficient

The HFBB method could not be used to calculate hzessl
which could then be distributed as an ESLD as Relmol
Number effects could not be properly simulatedhat geo-
metric scale. Instead a 1:50 scale model of thdfrexae was
constructed and the drag coefficient measured wsiH§BB
in smooth flow, with little variation of velocity ith height
and low turbulence (refer to Figure 11). Drag cioafhts of
the tower were defined from Standards Australial201

Structural dynamics

A finite element model of the tower was constructesihg
ETABS software, with the first along-wind sway moelgti-
mated to have a natural frequency of about 0.7 &tz a
mode shape of the form(z) = (z/h)f with § = 2.0. The
first sway mode was the critical mode as the nafteguen-
cy was below 1 Hz and the drag coefficient of teadhframe
was largest in the along-wind direction. Other n®dhead
natural frequencies above 1 Hz and hence werealpli@ be
excited by turbulent fluctuations. The mass disiitn was
well defined from section properties of the struetu

Wind loads

The mean load was calculated discretely (wAth) using
equation (27), with the mean velocity distributidefined
using equation (2).

The background load was calculated using equati), (
with the correlation coefficient able to be derivefticiently
given the head-frame dominated the response. Hemorcela-
tion of loads not associated with the head-framelccde
ignored. The resulting correlation coefficient vdasived as:

o - EOBO _ (—i - h|> 29)

0,0p w
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Whereh is the reference height (top of the tower), dpdis
the integral length scale of vertical turbulence.

The resonant load was calculated using equatioh &5
the critical damping ratio for a steel structurketa as 0.5%
(as measured and reported by Kwok et al (1985)gh this
was modified by accounting for aerodynamic dammialgu-
lated according to Holmes (1996) which added ahérrt
2.5%. As discussed previously, this significantduces the
resonant response, and if not present (eg. Winkines)
could be included with viscous or tuned mass damper
discussed in Lee and Mackenzie (2013).

Importantly, it can be seen that the resonant adeds the
mean load for the top third of the tower, with thean and
background load about equal. At the height of tleada
frame, given the size of the head-frame, the meaaezls the
resonant load, while the background load exceeslsnéman.

Response

The response of the tower was also considered &wer-
viceability aspect. While motion of the tower istmelevant
for human comfort (given rare occupancy), it ievaint giv-
en the potential to cause light flicker effects daespecific
HDTV broadcast requirements for lighting. Peak isp-
ments of up to 100 mm or RMS of about 25 mm were pre
dicted. Cross-wind effects were considered due ddex
shedding from the tower, with the maximum deflettabout
80 mm, occurring at a mean wind speed of aboutn7$
with the base bending moment considerably less thah
generated by along-wind loads.

Finally, fatigue effects were also considered dueandom
(background) and sinusoidal (vortex shedding cmaisst and
wind induced resonance along-wind) time variancethef
load.

Relstive Displacement (y/ymax)
°
&
5

030 o FT Model
——Trend

00 02 04 06 08 10 12
Relative Height (/h)

Figure 12 First along-wind mode at 0.69 Hz
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Figure 13 Load contributions to base shear force

ADELAIDE OVAL SOUTHERN GRANDSTAND
ROOF

A 1:200 scale model of the complete Adelaide Ovalldre
velopment (recently completed Western Grandstang pl
proposed Southern and Eastern Grandstands) anmlsdsr
ing structures was tested in the wind tunnel. Tfamdstand
structures were constructed from architecutral drgsvusing
acrylic, with the complex curved roof shapes fornfiexn a
3D CAD model using stereolithography (Figure 14).eTh
appropriate boundary layer velocity and turbulepoefiles
were developed in the wind tunnel, with measuremearade
at 10° intervals for a complete 360°.

Figure 14 Wind tunnel model of Southern Grandstand show-
ing curved long span roof constructed using stéradjraphy

Cladding Pressures

Pressure coefficients (measured surface pressorestised
against the dynamic pressure at the reference fheigre
processed to determine peak cladding pressureg k@
upcrossing technique (Melbourne 1977). The peakspire
coefficients were further processed to produce aost of
peak positive and negative cladding pressures.

Structural Loads

Peak pressures derived from measured pressurdciems
occur locally for small areas and should not besm®red for
the design of primary structural members (but nhestcon-
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sidered for the design of cladding and local supgtiuc-
ture). Application of these peak loads to the $tmecsimul-
taneously to perform analysis of structural membmrsid
produce an uneconomic design. This concept is shoomA
ceptually in Figure 15. The load-response corm@faflRC)
method derived by Kasperski and Nieman (1992) dsfian
effective pressure distribution, taking into accotire corre-
lation of the fluctuating pressure over the whaleicture,
and provides maximum or minimum load effects usirfty-

ence coefficients (refer equation (26)):

(Cpi,eff)ﬁ = Cp,mean T 9PFp;9cy, (30)

Where Cp, meqn iS the mean pressure coefficient,is the
peak factor, andcp‘ is the standard deviation of the pressure

coefficient. The correlation coefficienpg,,, between the
pressure at a tap,and any forceF, is given by:

JFZZ Co, Coi il (31a.)

Ocp,OF ik

2k Cp,Cp, I
pF,pi =

Wherel; andl, are the influence of the pressure atizmd
k on the load effect. These equations can be exguasn-
veniently in matrix notation to enable ease of aapion to
structures with multiple pressure taps.

A comparison of pressure distributions between pesda-
tive cladding pressures and the maximum LRC loatthény
(along span) direction is presented in Figure 16 Bigure
17. It is apparent that the application of claddimgssures to
the main structural members is incorrect for tloadl case,
and may result in an inefficient structural designdirect
comparison between the upward (peak negative and- ma
mum z LRC) pressure distributions on the roof (Figli6e
and Figure 18) indicates that the magnitude ofLfRE€ pres-
sures is approximately 15% less than the claddiegsures.
This is a slightly smaller reduction than anticgghtand indi-
cates that the correlation of pressures acrossphe of the
roof is higher than assumed.
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Figure 15 Typical Peak and LRC pressure distributions (pos-
itive is downward)
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Figure 16 Peak negative cladding pressures
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LRC Load Fymax (kPa) 0° - South Roof
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Figure 17 Maximum y (along span, left) LRC pressures
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Figure 18 Maximum z (upward) LRC pressures

Finally, dynamic effects can be included by appiyan dy-
namic factor as per Standards Australia 2011 (whscka
modified version of equation (22) given peaks dreaay
included in the load:

_ 1+2Iy/giB + giR

T (A4 2g,0y)

(32

For the Southern Grandstand ro6f,,, = 0.83, which indi-
cates that no increase in load is expected dueymamnic
response. This is due to the large size of thectstret and a
relatively high natural frequency of close to 1 Hhis is
consistent with the results found by Holmes et 189(),
where resonant loads were included at each point by
weighting the measured pressure coefficients by titne
dimensional mode shape (the generalised forcefrapelen-

sity and mean of which were used to obtain thenmasbre-
sponse using equations (24) and (25)).

Beam Disp:D(XYZ) (m)
3.977x10°

I 3412x10°
2.847x107
2.282x10°
1.716x10?
1.151x10?
586.132x10°®

20.979x10°®

Figure 19 Two-dimensional mode shape
CONCLUSION

This paper has provided a summary of wind engingeri
methods as they relate to structural dynamics. iShislevant
to noise and vibration engineering as many strestuare
excited by random loads (eg. aerospace structuzes)),the
ability to assess the response of these strucamdsdeter-
mine control methods (to reduce failure by strengthfa-
tigue, or to ensure human comfort) either throughcsural
modification, or the application of static or dyrniamibration
dampers is relevant. Both a one-dimensional and & tw
dimensional structure were considered, with inneeat
methods used to assess their response.

1M™2¥ember 2013, Victor Harbor, Australia
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