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Abstract

This paper reviews the history of the AustralianiNEealand

Standard for Wind Actions, AS/NZS 1170.2, and thedpcessor
standards in both countries. The present issudntgfinal

pressures, and the probable future changes requiced
incorporate the local, non synoptic storm eventsd dhe

predicted effects of global warming are also codere

Introduction

AS 1170.2 first appeared in Australia in 1973 ipooating
metric (SI) units, although it was preceded bymailar document
in imperial units — CA34 of 1971. New Zealand attuced NZS
4203 in 1984 — a document closely based on AS 2170A
formal merger took place in 2002 with the introdoict of
AS/NZS 1170.2:2002.

After more than forty years of development, it sseln
appropriate time to review the standard, its rol¢hie regulatory
process, and to contemplate technical changes rtiaat be
required in the near and more distant future.

History — the nineteen-seventies

The introduction of AS 1170.2-1973 (Figure 1) cadied with a
worldwide interest in a more scientific approachti@ wind

loading of structures, and the introduction of boeindary-layer
wind tunnel.  Similar ‘advanced’ wind standarqgpeared, at
about the same time, in the United Kingdom (BS CP3/Ct.

2), the United States (ANSI A58.1), and Denmark (DI%.2,
1977).
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Figure 1. The first version of AS 1170.2 publislired973

All these documents incorporated the statisticgbragch to
extreme wind speed prediction using techniquesgaoed earlier
by Gumbel (1958), Whittingham (1964) and Shelldré63), and
knowledge of the properties of the turbulent atrhesic
boundary layer in large synoptic-scale wind evemdased on
work by Jensen, Cermak and Davenport.

All these ‘new generation’ wind standards adoptee format
embodied in the ‘wind loading chain’ of Davenpot®(7) — a
version of which is shown in Figure 2.
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Figure 2. The wind loading chain of Davenport (Zp7

All modern wind loading standards incorporate tlvst ffour
‘links’ (starting from the left) in one form or a¢h. The fifth
‘link’ incorporating criteria such as limiting adeeation criteria
for tall buildings, may also involve wind engineekait, in the
case of the AS/NZS standards, such criteria ard$iNZS
1170.0 (General principles), rather than AS/NZSQ127

The occurrence of Cyclone Tracy in late 1974 prexbl ‘re-
think’ about the way design wind speeds were belagved at
locations affected by tropical cyclones. It waslimed that
recorded annual maximum wind gusts were often motlyced
by tropical cyclones, and therefore not represamadf the
winds of interest for structural design againstuf@. The first
reaction in AS 1170.2-1975 was to introduce zotrgs for the
coastline north of Z7atitude (See Figure 3).

N
A
F
amootrs | AJD

line—{y/ ~50k
coostline Iﬂk

INSET A

Figure 3. Wind speed map in AS 1170.2-1975 (50 yeturn period
gusts)



The special needs of tropical cyclone-affected amegi also
inspired some pioneer work on Monte-Carlo technigéms
simulating cyclonic wind speeds by Martin and B(b®76), and
Gomes and Vickery (1976). However, the resultshaf work
were not incorporated into the Standard until 1989.

With regard to the dynamic effects of wind on talildings, the
1973 and 1975 versions of AS 1170.2 incorporateddanex
with a version of the gust (response) factor apghro® along-
wind response, based on random vibration theory approach
that had originated in the mid nineteen—sixties.

The nineteen-eighties

The early nineteen-eighties saw, for the first timghe

introduction of external shape factors for low-rizgldings that

had been derived from tests in the turbulent fldwboundary-

layer wind tunnels. An ‘area reduction factort the pressures
produced by the separated flow over roofs and sidks also

made an appearance in AS 1170.2-1983.
satisfied a ‘rebel’ group in Western Australia, efnto this point
had not yet adopted AS 1170.2 on the grounds thats too
conservative for wind loads.

NZS 4203: 1984 was the first stand-alone New Zehlaading
standard loading to include wind loads — that peldsely
resembled AS 1170.2-1983.

Limit states design was a key target for the Alistnaand New
Zealand structural design standards in the 1980&or AS

1170.2, this culminated in AS 1170.2-1989, whictoiporated a
return period of 1000 years for design wind spdedsiltimate

limit states. Although this was a relatively raaistep at the
time for wind loading, it was not new for earthqaangineering,
in which the Chairperson of BD006-02 at the time, i&saBubb,
had a background. This approach incorporates ral-leiad

factor of 1.0 in the load combination formulae, amad the
advantage of eliminating the ‘cyclone factor’ ofl3, that was
applied to cyclonic wind speeds in the 1970s amty d®80s to
account for the greater slope of the wind speetlirmeperiod

plots compared to non-cyclonic regions. Intenggii the high-
return-period approach has recently been adopted$€CE-10

in the United States for similar reasons.

There were many other changes in the 1989 edifiéi8adl170.2
including: a zonal system for the whole of AustaalFigure 4),
directional wind speeds for the capital cities, maultipliers for
shielding and topography, new shape factors forynsaructural
shapes, and cross-wind response for tall buildingShe
Appendices included flow-charts for the now moremptex
document — a feature that is, unfortunately, mgsiom the
current Standard.

The 1989 version of AS1170.2 was supported by adstdone
Commentary published separately by the AustralianndWVi
Engineering Society (Holmes, Melbourne and Walke390).
This was the start of the involvement of AWES ie ttandard,
one that continues to the present day.

The nineteen-nineties

A new version of NZS 4203 was published in 1992isTlosely
resembled AS 1170.20-1989, but incorporated mon@pdex
rules for topographic effects — particularly thefeefs of
downslope winds driven by gravity waves — a re&jivcommon
phenomenon in the Canterbury Plains of the Sougimdis|

These ehang

Work started on a new version of a combined AusméNew
Zealand Standard in 1996 under the chairmanshipGiag
Reardon. This culminated in the first wind Standefrdhe new
century - AS/NZS 1170.2:2002.
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Figure 4. Zonal system introduced in AS 1170.2-1989

Post-2000 developments

The first combined Australian/New Zealand wind e
standard, AS/NZS 1170.2:2002 was one of the suitgpiat
loading standards that resulted from the Closer &
Relations (CER) initiative — a free trade agreememéen the
two countries that started in the 1980s. Thasiver of the
Standard was also influenced by the ISO StandardMamd
Actions, ISO 4354, following directions to Standardustralia
by the Australian Government of the time. Howevire
influence did not extend beyond adopting to simftaimat and
symbols to the ISO Standard. Unfortunately, tha$ somewhat
futile, as the later (2009) version of the ISO @& adopted a
completely different format and set of symbols.

AS/NZS 1170.2:2002 continued with all the innovatio
introduced in 1989 in Australia, and 1992 in NewalZed.

However, there was an important difference wittpees to the
return period for the design wind speeds. The aBAS/NZS

1170.2:2002 could not (and still cannot) obtain teguired

return period for the wind speed from the wind d&ad; he, or
she, must go elsewhere. In Australia that ‘elsew/his the

Building Code of Australia (BCA), where ‘average raence

intervals’ for environmental loading are specifiei@pending on
the defined ‘importance level’ of the structureFor non-BCA

structures in Australia (e.g. for mining or commeation

structures), and for New Zealand structures, thfairination is
obtained from AS/NZS 1170.0 (General Principles).

Another significant change in AS/NZS 1170.2:200% waclear
indication that the design process accounts exigliéor wind
direction. This takes account of climate-relateidectional
characteristics of the regional wind speed, bub alsectional
variations in terrain, topography and shieldinga aite. There is,
in fact, a three-stage process in determining desigd speeds
as illustrated by the wind-speed chain of Figure 5.

Theregional wind speed, Vg, is a gust speed assumed to occur at

the standard meteorological height of 10 metreg flagé open
terrain. Thesite wind speed, Vsip is corrected for wind
direction, and for site-specific factors, terraigight, shielding
and topography — normally there are 8 of theseeglior the
cardinal points of the compass, i.e. N, NE, E ... eféor a



building of rectangular planform, these are reduocefdur values
of design wind speed by taking the largest valuesitdf wind
speed within 90 degree arcs, centred on the wimdctitbns
normal to the building walls.

regional design
windspeed, Vr windspeed, Vdes,6

site
windspeed, Vsitp

Figure 5. The wind speed ‘chain’ of AS/NZS 1170.2

This process allows for the fact that the Standary provides
shape factors for those orthogonal wind directi@iough, in
some cases (e.g. for cladding loads), they have laggusted
upwards to account for the higher values that meguio for
oblique wind directions.

Unlike earlier versions, the 2002 and 2011 Starslaade

completely based on gust wind speeds, includingmwhgamic

response factors are calculated. After re-asspdhim response
characteristics of the anemometers previously useflustralia

to record daily maximum gusts, the nominal duratibthe gust
in the Standard has recently been re-defined ass€cands -
based on the moving average definition, as is trevention in

the digital age (Holmes and Ginger, 2012). Thisatlon also

conveniently provides a filtering of atmosphericbulence that
is equivalent to the averaging by the frontal aofaa small

building at design wind speeds, as shown in Figure
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Figure 6. Effective frontal areas for 0.2 sec &slec moving average
gust durations

The much larger effective frontal area for a 3-sgconoving
average gust is also shown in Figure 6. It idaot, equivalent
to that of a city-centre tall building at desigmdispeeds.

Calibration of AS/NZS 1170.2

Although the shape factors and dynamic responderfa the

Standard have been derived from reliable sourcaslly wind-

tunnel tests, experimental and data processinguigebs change
and on-going calibrations of the information praddn AS/NZS

11870.2 are desirable and advisable. Wherevesilpe,

reliable full-scale measurements should also bed uase a
benchmark.

An example of recent amendments to the Standaliriolg this
approach, includes the changes to Table 5.3(Cofay low-rise

buildings of high roof pitch, for which previousrgens of the
Standard were found to significantly underestinasa effects
such as frame bending moments (Ginger and Holm@83)2
Another example, which was based foii-scale data from the
Texas Tech Building, is the recent increase to dlcallpressure
factor for the corners of low-pitched roofs.

A comparison (Holmes, 2014) of the base bending emsnon a
benchmark tall (180m) building for both along-wiadd cross-
wind response calculated by AS/NZS 1170.2 and feawveral

different boundary-layer wind-tunnel groups were ryve
favourable.  In particular, for along-wind respen#\S/NZS

1170.2 performed better than two other nationahdaeds and
codes (Figure 7).

For low-rise buildings, recent comparisons have nbéess
conclusive. Measurements at James Cook Univegsitpart of
their study on solar panels, indicated good agreérfe roof
pressures on the underlying building roof (Gingeal., 2011).
However, other measurements (from a different windnel)
processed by Gingest al. (2014) suggested that AS/ZS 1170.2
may produce un-conservative load effects in thst finboard
frame of a low-pitch industrial building.  Furthievestigations
should be carried out to shed more light on this.
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Figure 7. Along-wind response of a benchmark falilding —
comparison of base moments from AS/NZS 1170.2 with range of
predictions from seven wind tunnel groups

The functions of AS/NZS 1170.2

By virtue of it being called up by the Building CodafsAustralia

and New Zealand, AS/NZS 1170.2 has an implied eggoy

function, and it is important that the wording betStandard is
clear and unambiguous. A building that is destyeorrectly
for wind loads using the Standard is hence by icagibn is

compliant with the Building Codes.

Note that a structure for which wind loads havenbeéetermined
by other means — such as wind-tunnel tests — iscooipliant
with the BCA in Australia, but is deemed to have hadpecial
study’, or ‘alternative solution’. Appendix A in$NZS 1170.0
gives a few guidelines on how such studies shoeldrzlertaken
and reported, but there is actually very little ttoh of the

methodologies.  There is clearly a need for a nforenal

checking and review process for such studies, becktis a role
for the AWES Quiality Assurance Manual (AWES, 20bi$uch

a process.

As well as its regulatory function as part of thalding codes,
AS/NZS 1170.2 is relied on for wind loads by otkeuctures in
Australia and New Zealand, such as industrial sines used in
petrochemical plants and mining operations.

The current (2011) version of AS/NZS 1170.2 is sarpgdl by a
comprehensive handbook (Figure 8), prepared by AWES



(Holmes, Kwok and Ginger, 2012). This performs imilar
function to that of the 1990 Commentary to AS 1270989. As

well as giving a comprehensive technical background

information to the Standard, it provides additiom#brmation

that could be used by designers, such as: shaperdaftor

attachments to the walls of buildings, a methodalbswing for

the effect of large internal volumes on peak indénpressures,
and a more detailed method for calculating the smisd

dynamic response of structures with circular cezsgion.

WIND LOADING HANDBOOK
FORAUSTRALIA & NEW ZEALAND

Background to AS/INZS 1170.2 Wind Actions

Figure 8 Wind loading Handbook (AWES-HB-001-2012)

Future issues for AS/NZS 1170.2

It is becoming harder to make changes to the Stdndae to
pressure from the many stakeholders, and the iserdn
bureaucratic procedures required to initiate agmtojo amend it.
However, there are several issues still to be addie Some of
these are being addressed by small working groups:

a) The possible effects of climate change onorei wind
speeds and regional boundaries, particularly thm8aries of the
cyclonic regions in Australia.  This importanpto is addressed
further in the following sections.

b) Small-scale non-synoptic winds, such as dowstbu
produced by thunderstorms, are the governing tyipextsteme
wind for low-rise structures in many parts of Aasix and New
Zealand. Introducing appropriate multipliers foeight and
terrain and topography is a priority for the Staddaalthough
little progress has been made to date, due langely lack of
reliable full-scale data.

C) The rules for internal pressure determarath Clause 5.3

of AS/NZS 1170.2 are leading to a variety of intetptions and
assumptions on dominant openings, particularly andward

walls. Some designers of industrial buildingsttipalarly in

cyclonic regions, are not willing to make realistissumptions
due to competitive pressures in the marketplacew Miles are
currently being drafted to attempt to produce a embevel

playing field’ on this question.

d) Solar panels on roofs have become very comimthe last
few years. The wind loads on the panels themsehme
important requiring shape factors to be incorparai@o the
Standard. A start on this has already been m8egig¢n D6
introduced in Amendment 2), and more configuraticare
planned in the future.

e) Information on shape factors in the Standaatican be used
for industrial structures has been rather spalseparticular, the
shielding and aerodynamic interference effects dquipment
consisting of many closely-spaced elements, such thes

shiploader shown in Figure 9, needs to be addressiithough
generic wind tunnel testing would be desirablegimfation from
recent tests on specific mining and oil/gas stmestumay be
available for this purpose.

Figure 9. Example of an industrial structure- plstader

Climate change effects on cyclonic wind speeds

In 2008 and 2011, | reported to the Australian BogdCodes
Board on the potential effects of climate changedesign wind
speeds on the cyclonic regions in Australia. Theflfor the
2011 review (Figure 10) was:

To determine whether there was sufficient inforomatiand
justification, to change design wind speeds in A&SNL170.2,

a) with reference to currently available wiratal
b) with reference to extreme events such asogcYasi,
¢) with particular reference to climate change.

IMPACT OF CLIMATE CHANGE ON
DESIGN WIND SPEEDS IN
CYCLONIC REGIONS

Figure 10. ‘Impact of climate change’ report (2p11

It is known that tropical cyclones require an octsmperature of
at least 26 Celsius to form, and it seems logical that global
warming, resulting in increased temperatures irottean, should
produce greater numbers of tropical cyclones. él@m, the
situation for the generation of cyclonic activity the tropical
oceans is more complex. Numerical models plajingortant
role in weather prediction, but until recently theipatial
resolution has been a limiting factor in relationthe prediction
of the formation and life-history of tropical cydes. However,
these models are consistently predicting the oeocgg of
tropical cyclones at higher latitudes in the Coraa %i.e. further
south) — this is potentially a threat to the moopydated parts of
southern Queensland.

The 2008 report recommended the extension of theoReQ
boundary on the Queensland coast fromi 25to 27 S (i.e.



incorporating the northern part of the Sunshine §pasd the
2011 report proposed an extension of the boundaRegion D

in Western Australia, to the northeast from® 29 to 18 S.
Neither of these were accepted by the ABCB on ecomomi
grounds (ABCB, 2012), although it should not be forgotthat

the strip from 25S to 27 S on the east coast was deemed to be a
cyclonic region from 1975 to 1989 (see Figure 3).

A later study by Geoscience Australia and CSIRO (Cesttes.,
2011) indicated that the design wind speed on tmsine Coast
under thecurrent climate should be about 5 m/s higher than it is
at present (i.e. 3o of 62 m/s instead of the present 57 m/s for
Region B), with little change predicted for SE Quésmd under
two climate change scenarios. This suggests deration of an
intermediate wind region between B and C in thertutu

The 2011 ABCB report was written shortly after theuwoence
of Cyclone Yasi earlier in that same year. Th&sva major
event — the strongest cyclone to hit the Queenstaiadtline for
fifty years — but the damage to recently-constmictand to
engineered, buildings was relatively small (Boughtinal.,
2011), a credit to the changes to the codes amdistds of the
previous thirty years.

Another recommendation of both the 2008 and 20pbrte was
that portable anemometers be deployed to monitet gind
speeds in land-falling tropical cyclones. It isceuraging that
David Henderson of the Cyclone Testing Station atefaCook
University is now implementing this successfullyefidlersoret
al., 2013).

Decaying cyclones of tropical origin can also dffparts of the
North Island of New Zealand, with a potential terigase their
strength as a result of global warming (e.g. Burgess., 2006).
This may require some attention to the currentrapsiystem in
AS/NZS 1170.2 for New Zealand, as well as Australia

Climate change effects on non-cyclonic wind speeds

There is less information on possible global wagmiffects on
other extreme wind types — i.e. gales from extwaital
depressions, or local severe storms from thundensto(i.e.
downbursts and tornados).

However, recent simulation studies with climate eledare
suggesting increased thunderstorm activity, dueintyeased
convective available potential energy (CAPE), ithbitie United
States (Diffenbauglet al. 2013), and in Australia (Alleet al.,
2014). This seems to be supported anecdotallynbyeased
numbers of reported windstorms in Australia (e.glmEs,
2013), although this may also be a result of change
monitoring and reporting procedures (Mason and Zfdath,
2013), and increases in population density.

AS/NZS 1170.2, AS 4055 and housing

The ‘Wind loads for housing’ Standard, AS 4055 (Feg11), has
performed a useful role as a complement to AS/NA30R2
since 1992. Limited to single houses less th&m8n height, it
includes pre-calculated wind pressures and foroessifk non-
cyclonic and four cyclonic wind classifications. heT latter are
determined based on assessment of terrain, shgeldimd
topography.

AS 4055 is called up by the National Construction &Bdilding
Code of Australia for wind loads as an alternatioeAS/NZS

1170.2. It has undoubtedly contributed to a céida in the
wind damage to housing in tropical cyclones

As 4052012

Australian Standard®

Wind loads for housing

Figure 11. AS 4055-2012, Wind loads for housing

Recently (2012) the terrain category description&$4055 and
AS/NZS 1170.2 were aligned and are now identicahe result
of this is that a Terrain Category 2.5 was introdiicgo AS/NZS

1170.2. However, there are significant differenbetween the
two Standards in the assessment of topographytaeldiisg.

The assessment of the topographic classificatioASn4055 is
based on an average slope, averaged over allidinect.e. 360
Thus the slope for a site on a ridge can be asawne half the
maximum slope - potentially leading to a significan
underestimation of the topographic effect if theximaum slope
happens to coincide with a prevailing wind direatio

For assessment of shielding, AS 4055 appears o apartial

shielding’ for houses in ‘wooded parkland’ in Regioh and B,
and full shielding in ‘permanent heavily woodedaa&'e This is in
contrast to AS/NZS1170.2, which states: ‘Shieldiugn trees or
vegetation is not permitted in this Standard’.

Reliance on trees for protection in windstorms isstionable —
even in non-cyclonic regions. In fact, they regyldail at wind
gust speeds of around 30 m/s, well below ultimasgh speeds,
and trees close to houses are more likely to cdasgage to a
building than prevent it.
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