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Abstract

The $1.85bn new Royal Adelaide Hospital (nRAH) in kaitde,
South Australia is a world-class tertiary hospitisigned to
serve South Australians for the next 100 years.e Bhilding
Code of Australia (now called the National ConsinrctCode
(NCC)) requires major hospitals and other importatilifies
that are required to operate post disaster (Impoetdevel 4) to
be designed for wind speeds corresponding to anuahnn
probability of exceedance of 1 in 2000. In 200Y CSIRO
produced a report in conjunction with the Bureatvieteorology
titted “Climate Change in Australia — Technical Rep2@07”
that quantified the predicted increases in bothrape and
extreme wind events over the next 70 years in Adela The
design wind speed adopted for the nRAH design wasased
based on the predictions of this report. A winainiel assessment
was carried out and compared to design pressuresndeed
using AS1170.2 (Structural Design Actions, Part \&®ind
Actions). The comparison identified that all pogtipressures
measured in the model were near, but below presserired
by the Standard, and that negative pressures weneragly
below code values.
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Project Background

The new Royal Adelaide Hospital (nRAH) is the bigdastding
infrastructure project in South Australia’s histoand when
completed, will be Australia’s newest and most axeal major
Hospital.

The South Australian Government is developing tbe iRoyal
Adelaide Hospital under the SA Public Private Penthip (PPP)
framework with a consortium including Pacific Pantships,
Hansen Yuncken, Leighton Contractors, Spotless HiRE.

Wallbridge & Gilbert Consulting Engineers (W&G) amBR

partnered in joint venture to provided structuraid acivil

engineering design services.

The hospital has been designed to function as ange lbuilding
as opposed to multiple buildings interconnected'tridge’ or

‘link’ structures. The building is 370m long froEast to West
and 215m wide from North to South and has eleveor flevels.
As a result, the nRAH is one of Australia’s largasgle building
structures, and with that comes one Australia’'gdat facade
systems.

The typical design life for new buildings in Audiaais 50 years.
The new Royal Adelaide Hospital however, is designét a
100 year design life with consideration of the dem in
Australia’s climate that are predicted to occurinigithat period.

With over 10,000 facade panels and 70,0000 external
windows, it was important to optimise the facadsigie. The
design wind load was one of the major governingedd. A
wind tunnel assessment was carried out and comparddsign
pressures determined using AS1170.2 (Structural igDes
Actions, Part 2: Wind Actions). An additional wirdnnel test
was conducted to measure the environmental wineédspd¢o
predict the influence of the building on wind spedund the
development and therefore pedestrian comfort levels
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This paper outlines the approach taken for the veingineering
for the new Royal Adelaide Hospital as a case study.

Figure 1 - The new Royal Adelaide Hospital (photurtesy of SA
Health)

Wind Design for Buildings in Australia

In the absence of a more rigorous analysis, Auatrabtandard
AS1170.2-2002 “Structural Design Actions — Wind idos” is

used by designers to determine wind actions fotdmgs in

Australia. This standard does not take into actangy possible
future trend in wind speed due to climate change.

At the time of design for the new Royal Adelaide pits, the
Building Code of Australia (now known as the National
Construction Code) required buildings with a possadier
function (Importance Level 4) to be designed toistesvind
actions with a return period of 2000 years.

AS 1170.2-2002 specifies a basic regional ultintsign wind
speed for the Adelaide Region corresponding to &0 2@B€ar
return period of 48mk This is an extreme wind speed based on a
maximum three second gust and is considered apatepior
structural design purposes.

Climate Change in Australia

The original design brief for the new Royal Adelaidespital
required the facility to withstand wind velociti@6% greater
than that required by AS170.2-2002 to account feeinges in
climate over the 100 year design life of the buigdi This is a
significant increase in the design loads for theaf® and
building structures that would significantly impate cost and
weight of the facade. Given the huge extent ofdacghe design
team conducted a review of available material tbdage this
increase and optimise the design.

In 2007 the CSIRO, in conjunction with the AustralBmreau of
Meteorology, produced a report entitled “TechniRabort 2007:
Climate Change in Australia” that included detaileddictions
of climate change in Australia over the next 70rgea

The report is based on the combined experimensailteeof 23
climate models from research groups around thedaiodluding
Australia. Referred to as the Coupled Model Intamgarison
Project 3 (CMIP3) database, the combined set ofemystic
model experiments provide a powerful representatidnthe
Earth’s climate system. The mathematical equatiossd in
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these models were based on well-established lawshygsics,

such as conservation of mass, energy and momentiime

predictions of the models were compared againserghtonal

data from the natural world with positive resulisreby giving a
firm level of confidence in their ability to predichanges into the
future.

To provide a basis for
Intergovernmental
prepared 40 greenhouse gas and sulfate aerosolsiemis
scenarios for the 21st century that combine a warief
assumptions about demographic, economic and teahfaictors.
Each scenario represented a variation within one faoir
‘storylines” Al, A2, B1 and B2. The IPCC produced @ed8al

estimating climate changhe t

Report on Emissions Scenarios (SRES) that defined the

storylines as follows:

Al: A future world of very rapid economic growth, global

population that peaks in mid-century and declimesdafter, and
the rapid introduction of new and more efficienthmologies.

The Al storyline develops into three scenario gsoupat

describe alternative directions of technologicabraye in the
energy system: fossil intensive (A1Fl), non-fossiergy sources
and technologies (A1T), or a balance across alicesu/A1B).

A2: A very heterogeneous world. The underlyingntie is self-
reliance and preservation of local identities watttontinuously
increasing population.

B1l: A convergent world with the same global pogaolatas in
the Al scenario (peaks mid-century then declineswith rapid
change in economic structures towards a servicardatmation
economy with reductions in material intensity antie t
introduction of clean and resource efficient tedbgi@s.

B2: A world in which the emphasis is on local smn$ to
economic, social and environmental sustainabilfyworld with
continuously increasing global population at a rateer than
A2, intermediate levels of economic development] kss rapid
and more diverse technological change than in theald Al
storylines.

The CMIP3 database was then used to predict clitladmge
within each of these scenarios. The results of ahalyses
represent the most advanced foresight available @iimate
change in Australia for the next 70 years. Thehhéal Report
is a summary of the findings of those analysesvegle within
Australia.

The design brief for the new Royal Adelaide Hospitdérenced
this report and appeared to be based on the pmedicof the
Technical Report for average wind speeds.

Average wind speeds can be relevant to human péest
comfort, the dispersion of gas from flues and ndésels within
the Facility, however for the purpose of structuddsign
engineers must consider the more severe extremd speed
environment. Extremes in wind contribute directhyhtazardous
conditions causing damage to the built and natemalironment.
The default extreme wind speed adopted for the qmerpof
structural design in Australia is the maximum thseeond gust
noted earlier.

Appendix B of the CSIRO Technical Report provided ctena
change projections using a probabilistic method Iférselected

sites including Adelaide. The results are indigatin that they

are based on the results of global climate moaelthk locations

but do not take into account local topographicdéaté. The

changes are relative to 1990.
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Panel on Climate Change (IPCC 2000)

Chanage In extreme wind speed (%)

According to the Technical Report, the wind-speaggented in
Table 1) are increases in average wind speeds rat dfbve
ground as a percentage of those measured in 1988.results
show that the SRES fossil fuel intensive scenaridFIA is

estimated to cause the greatest increase in aveiiagespeed in
Adelaide (+19% for the 90th percentile) which oscduring the
summer season of the year 2070. The maximum arwindt

speed increase is predicted to be +10%.

Season 2030 2070| 2070
AlB | B1 AlFI
90p | 90p | 90p

Annual +3 +5 +10

Summer +6 +10 +19

Autumn +5 +8 +15

Winter +4 +6 +11

Spring +5 +8 +16

Table 1 - Projected wind-speed (%) changes for #idel (Table B2 of
the Technical Report 2007) presented against tHeusaSRES scenarios
for the 94" percentile using the probabilistic method.

Having determined the predictions for average wdpded
change, the Technical Report considers the reldtiprisetween
the change in extreme wind speed and change irageerind
speed. An analysis was conducted to determine hehethe
extreme winds change in a manner that is consistéht the
average (mean) wind change.

Four of the 23 CMIP3 models recorded data enablimg t
calculation of extreme winds. The percentiles weatculated
seasonally and annually over two regions: one rogd¢he mid-
latitude region of Australia including Adelaidedifn 110-155°E
and 30-44°S) and one covering the tropical regibAustralia.
The results of the four analyses of the relevand-latitude
region were plotted for summer, winter and annwhdnd are
provided in Figure 2. The four coloured lines ambociated
correlations represent each of the four CMIP3 modstsl in the
analysis.
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Figure 2 - Relationships between changes in extrédfth percentile)
wind speed and changes in mean wind speed for atitdde Australia
for (@) summer, (b) winter and (c) annual data. Changes are
percentage per °C of global warming.

Change in mean wind spead (%6)

The analysis showed that all models predicted thainges in
extreme wind-speeds would be smaller than changesdan
(average) wind-speeds. This was particularly evide the
results for summer, but there was less correlat@mnannual
events.

Based on the results of Figure 2 (a) the most adweselation
for summer suggests a change in extreme wind spfdeds than
20% of the change in mean wind speed. For annegiltg, there
is lower correlation with an upper limit of 60% cparatively.

For the design of the new Royal Adelaide Hospitaé tlesign
team elected to adopt a conservative correlatitwesn extreme
and mean wind speeds. A correlation of 60% wagpiadoas an
upper bound (annual), but this was conservativppliad to the
most extreme predicted mean wind speed increasen{su).

In this way, the greatest increase in average v@pded in
Adelaide of +19% which occurs during the summeiseravas

Change In mean wind speed (%)
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reduced by 60% to achieve an estimated increatfeeiextreme
wind-speed of 11.4%.

Based on the results of the Technical Report anddhservative
approach nominated above, the design team was table-
negotiate the originally specified 26% wind speedtreéase
required in the project brief.

The design wind speed for the new Royal Adelaidepitalswas
therefore: \jes= 48ms! x 11.4% = 53.5m&

Wind Tunnel Testing — Design Pressures

With over 10,000 fagcade panels and 70,0000h external
windows, it was important to optimise the facadsigie and the
high design wind load was one of the main goverrgriteria.
To assist in this optimisation, the design teamaged MEL
Consultants Pty Ltd to construct a scale model efrtbw Royal
Adelaide Hospital and measure wind pressures ugingnd-
tunnel.

A 1/400 scale model of the building was construdtased on the
digital architectural model and drawings includifagade fins
and canopies (Figure 3). The model was instrundemtih

approximately 1100 individual pressure tappingsthwihe

density of tappings increased near corners anddihgil
discontinuities.

Figure 3 - The 1/400 scale model of the New Roydélaide Hospital
constructed by MEL Consultants with the SA Healthd aMedical
Research Institute (SAHMRI) in the foreground (mhoburtesy of MEL
Consultants)

Roughness elements and vorticity generators wereegla
upstream of the model to imitate the building sundings and
achieve scaled natural wind properties. Based erc#fculated
model to full scale time ratio, 1.0 hour in fullade was equal to
approximately 32 seconds at model scale and theehsihle
frequency response was 113Hz to give a full scedguiency
response of 1Hz.

Wind tunnel model measurements are always condugcsety
mean wind speeds rather than three second gudts. D€aves
and Harris Model was used to correlate the threersk gust
wind speed with a mean wind speed for the modelhe T
conversion was based on the Ultimate Limit Sta@)02year
return period maximum three second gust of 535thst was
adjusted for future climate change as explainethe previous
section.

Based on a building height of 45m, the climate cleaadjusted
mean wind speed calculated was 33ms

The analysis assumed an equally permeable facati;eluded
an internal pressure of -573Pa or OPa on the pesitid negative
design pressures respectively as the most severgications.

The MEL report provided examples of the highestitpas and
negative pressures measured in the model and cechgfaem to
the pressures calculated using AS1170.2:2011 fouilding of
rectangular plan form, Terrain Category 3 and forbasic
Ultimate Limit State design wind speed of 53.5mwith
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allowance for internal and local pressure coeffitse
Comparisons of the results are summarised in Tabéasl 3.

Negative pressures calculated by AS1170.2 vary rithpg on
the position of the local pressure zones (for exan§A3, SA4
and SA5). The maximum negative pressure readiraya the
model are located in equivalent SA4 or 5 zones ttearcorners
of the building. The negative pressures recordetié model for
more general SA3 type areas were also found todb@wbthe
calculated pressures.

Maximum Negative Pressure

AS1170.2 Calculated Pressure
SA4 Areas SA5 Areas

-2163 Pa -2485 Pa -3727 Pa
Table 2 - Maximum negative pressures measured &yMEL model
compared to calculated AS1170.2 values assumimgiztrnal pressure

Modelled Pressure

Maximum Positive Pressure

Modelled Pressure AS1170.2 Calculated Pressure

2789 Pa 2867 Pa

Table 3 - Maximum positive pressures measured leyMEL model

compared to the calculated AS1170.2 values assurO®) internal
pressure coefficient

The MEL report was able to summarise that all & positive
design pressures recorded during the analyses eithier near,
but below, the magnitudes that would be calculatsihg
AS1170.2:2011, while the negative pressures recovdere all
generally well below the calculated values.

.......

|

Section A-A

Section B-B

Section C-C I -

Figure 4 - An example of the negative wind pressuneasured across
one partial elevation of the building (extract freime MEL report)

The report provided detailed pressure measuremfamtsall
tappings including maximum, mean or minimum design
pressures or pressure coefficients arranged by diiedtion. A
series of plans and elevations showing tapping rusnbs well
as positive and negative pressure distributionsstass in the
interpretation of the results. Figure 4 shows sangle of the
latter for just one of the many building elevatioriEhese results
provided a powerful database to optimise the fagadkbuilding
envelope design.

Wind Tunnel Testing — Environmental Wind Conditions

In addition to the measurements of building pressuMEL
Consultants Pty Ltd were also engaged to conduaasarement
of the environmental wind speeds to predict theuerfce of the
building on wind speed around the developmentorRo MEL's
engagement, a preliminary wind study was condudbgd
Cyclopic Energy Pty Ltd for development planningrpmses.
This study was conducted as a desktop analysisgusin
Computational Fluid Dynamics based on the architatt@D
model of the building, contour maps sourced fromm State
Government, a simple massing model of surroundinigdings
based on publicly available information, and wiratadfrom the
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Bureau of Meteorology’s Automated Weather Statianent .
Town and the Adelaide Airport. ) North

dangerous/
— acceptable for w

unacceptable

The wind tunnel assessment was conducted to mangaely
assess and confirm the findings of the preliminaimgd study.
The assessment used the same wind tunnel modeiithuadded

trees to assess their effect on the local amenifeza levels. w
The criteria used for assessment was based on ar gBp A
W.H.Melbourne. This paper suggests that it isftliees caused ¢\
by peak gust wind speeds and associated gradidmnth weople /\\\‘ TN < -
feel the most and the criteria have therefore Istated in terms Aon teim & ‘:,_.’-"7}( ?
of gust wind speeds. The basic criteria can bensanised as
follows.

2

Viocal
V300m

Figure 5 - Computational Fluid Dynamic model créatéor the
preliminary wind study by Cyclopic Energy

For main public access-ways:

a) Unacceptable if the peak gust speed during the hourly mean
with a probability of exceedance of 0.1% in any522vind
direction sector exceeds 23Mmgthe gust speed at which
people begin to get blown over).

b) Generally unacceptable for walking in waterfrontdtions if
the peak gust speed during the hourly mean wittobatbility
of exceedance of 0.1% in any 22.5° wind directiecter
does not exceed 20thgwhich results in 75% of the wind
pressure of a 23rgyust).

c) Generally acceptable fawalking in urban and suburban
areas if the peak gust speed during the hourly mean with
probability of exceedance of 0.1% in any 22.5° wind
direction sector does not exceed 18rfwhich results in 50%
of the wind pressure of a 23thgust).

For more recreational activities:

d) Generally acceptable forstationary short exposure
activities (window shopping, standing or sitting in plazds) i
the peak gust speed during the hourly mean wittobatbility
of exceedance of 0.1% in any 22.5° wind directiecter
does not exceed 13ths

e) Generally acceptable fatationary long exposure activities
(outdoor restaurants, theatres) if the peak guseédmluring
the hourly mean with a probability of exceedanc®.4f%6 in
any 22.5° wind direction sector does not exceedstOm

The probability of exceedance of 0.1% relates axiprately to
the annual maximum mean wind speed occurrenceafdr wind
direction sector.

The paper by Melbourne provides environmental weniteria
for the City of Adelaide expressed in terms of pealocity
pressure ratios. Refer Figure 6.
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Figure 6 — Results for a test location in the plaza at Level 3 (shown
in green) compared to the environmental wind ddtdor the City of
Adelaide expressed in terms of peak velocity presgtios (red and blue
lines) for given wind directions.

The MEL report concluded that wind conditions armbutihe
majority of the building were either on or withinet criterion for
walking comfort. However, wind conditions on eleagterraces
and concourses, particularly near corners of thidibg along
the north and around to the west side were shovexteed the
criterion for walking comfort for a number of windirections.
The addition of landscaping trees around the sée shown to
improve wind conditions, particularly for the gralfioor plazas,
but they had little effect on the wind conditions the elevated
terraces and concourses.

Conclusion

The new Royal Adelaide Hospital (nRAH) is the bigdastding

infrastructure project in South Australia’s historywith a 100
year design life, the brief for the project reqdimnsideration of
increases in design wind speed due to climate eangr that
period.To assess the effects of climate changedésgn team
referred to the report created by the CSIRO in castjan with

the Australian Bureau of Meteorology produced a repntitled

“Technical Report 2007: Climate Change in Austrahefiich

included detailed predictions of climate changdustralia over
the next 70 years. The design team adopted a watise

approach to estimate the increase in design wirggd@s an
additional 11.5% of that calculated by Australiamarfsiard
AS1170.2:2011.

Given the scale of the project, detailed wind turmedelling
and analyses were conducted to optimise the deditire facade
and attached structures. The wind tunnel analysesided
allowance for the increased wind speed derived frifma
Technical Report 2007. Results of the wind tunnedlysis
showed that all of the positive design pressuresroed during
the analyses were either near, but below, the madgs that
would be calculated using AS1170.2:2011 (adjusted the
11.5% increase in wind speed), while the negativesgures
recorded were all generally well below the adjustattulated
values.

An additional environmental wind speed assessmeas w
conducted to guide the design of the landscap@esbithe built
form and planning for restaurants and plaza agtiateas. The
assessment found that the addition of trees adsistproviding
acceptable amenity levels for key functional arassund the
building.

Wind engineering was thereby effective in reducihg design
loads and optimising the design of the facade attactzed
structures for the new Royal Adelaide Hospital, asll vas
guiding the design of external areas towards highmenity
levels.
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