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Medibank Icehouse in the Docklands 
precinct of Melbourne was first mooted 
in 2004 when the Australian Government 
released a brief to develop a new national 
ice sports facility.

Responding to this in collaboration with 
Cox Architects and Ice Sports Australia, 
Arup was commissioned by ING Real 
Estate Development (ING RED) to 
develop a brief for the facility. This was 
to draw on their experiences of designing 
facilities at the 2002 Salt Lake City Winter 
Olympics and later the 2006 Torino 
Winter Olympics, as well as other similar 
facilities around the world.

Four years later in late 2008, Hansen 
Yuncken was awarded the project under 
a “design and construct, guaranteed 
maximum price” (DC GMP) contract. 
With Arup engaged to develop the design 
and provide design services during 
construction, the team was given the 
unenviable task of delivering the project 
within just 15 months, to coincide with 
the opening of the Vancouver Winter 
Olympics in February 2010.

Having evolved over four years before 
the project’s go-ahead, the brief was to 
construct a 9,500 sq m Olympic-standard 
ice rink facility incorporating two 
Olympic-sized ice rinks, a gymnasium, 
medical clinic, bar, café, function space 
and headquarters for the Olympic Winter 
Institute of Australia (OWIA).

Rink 1, later named the Henke Rink in 
recognition of the contribution to the 
sport by Geoffrey Henke AO, was to 
accommodate 1,000 spectators and have 
the capability to hold televised events. 
Rink 2, later named the Bradbury Rink 
after 2002 Olympic speed skating gold 
medallist Steven Bradbury, was designed 
to enable the ice to be melted and 
temporarily hold events and functions 
catering for up to 2,300 guests by 
separating the Henke Rink environment 
from the function space by a movable wall.

Along with providing world-class 
training facilities for aspiring Olympians, 
the facility was also required to cater for 
the general public as well as professional 
ice hockey, curling, figure skating and 
speed skating competitions.

teCHnICAl CHAllenges
The timescale combined with the 
technical challenges that Olympic- 
standard ice rinks present meant 
collaboration between all parties of the 
design and construct team was critical to 
a successful outcome.

According to Nick Adams, M.AIRAH, 
associate with Arup, delivering such a 
complex project within 15 months and 
achieving a very flat ice pad surface while 
ensuring fog did not occur during ice 
rink operation were among the many 
challenges faced on the project.

“The fast delivery of the project 
necessitated accurate early-stage design to 
ensure that correct plant space allocations 
were made and structure, services and 
architecture were coordinated,” says 
Adams, who is also a member of AIRAH’s 
Victorian division committee.

  “each rink has 18km of 

polyethylene tubing  

within the slab to facilitate 

the cooling, which is  

installed only 30mm below 

the surface of the concrete.  

to ensure that this is installed 

with the required accuracy  

is a Herculean task’
“This could only have been achieved by 
working collaboratively in a 3D design 
and modelling environment. Cox 
Architects and ourselves both worked in 
Revit, which enabled the designs to be 
modelled concurrently and continuously 
coordinated, rather than the traditional 
‘frozen drawings’ and stop/start 
documentation process.”

The brief set out three key performance 
criteria for the ice slab, with the first 
being that it had to be flat – really flat.

The house of ice
Constructing the home of Australia’s future Winter Olympians has been a gold medal effort  
in its own right, as energy-efficient design has combined with strict design criteria to deliver  
a world-class facility. Sean McGowan reports on Melbourne’s Icehouse.
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The criteria required that no point on top 
of the concrete slab surface be greater than 
6mm above or below an established datum 
level, and locally no two points should 
deviate more than 3mm in height from 
each other within a 3m radius. Secondly, 
crack widths had to be limited to 0.2mm 
to avoid any damage from freezing and 
thawing, and lastly, the ice had to freeze to 
a guaranteed temperature.

Achieving these requirements placed 
high demands on both the design team 
and members of the construction team, 
and required an enormous amount of 
coordination on-site.

Due to the ground conditions in the 
Docklands precinct, 30m long piles had 
to be driven into the ground to support 
a structural “warm slab” featuring 
embedded heating pipes. On top of that, a 
layer of insulation with high compressive 
strength supports a “cold slab” with 
embedded glycol pipework.

“Coordination of two layers of 
reinforcement with cooling pipes spaced 
at 100mm in a 150mm slab left little 
tolerance for the construction team,” 
says Jochen Ristig, associate with Arup’s 
structural engineering team.

This meant detailed planning of lap 
locations and sequencing was required.

Owing to its proven track record of the 
installation and maintenance of ice rinks 
in New South Wales and Queensland, Tri 
Tech Refrigeration was engaged to design 
and manage the installation of the ice-
making refrigeration and rink slab.

According to Tri Tech’s Myles Tauchert, 
the installation of ice rink slabs is never 
easy.

“The rink concrete slab has to be made 
perfectly flat and supplied with very high-
flow rates of a chilled glycol solution, 
as an ice rink will typically only run a 
maximum 2°C split for supply to return, 
so flow rates are high in relation to the 
load,” he says.

“Each rink has 18km of polyethylene 
tubing within the slab to facilitate the 
cooling, which is installed only 30mm 
below the surface of the concrete. To 
ensure that this is installed with the 
required accuracy is a Herculean task.”

As a continuous pour of the entire slab 
was required with no expansion joint, the 
sequence of trucks leaving the concrete 
plant was carefully maintained so 
placement of the concrete was in the  
same order. Each slab took eight hours  
to complete.

Substantially increasing the risk of 
damage to the pipes was that many 
workers were required to stand on the 
layers of steel reinforcement to which  
the pipes were clipped.

Garry Muscat, project manager with 
Entire, says this process was the biggest 
challenge his team faced on the project.

“It was very important that the glycol 
pipes be at a uniform layer and separated 
within the slab to ensure the ice layer 
would be a uniform thickness and 
hardness,” he says.

Muscat says that if the pipes were too 
deep down in the slab, then it would take 
longer to make the ice. Conversely, if the 
pipes were too close to the surface of the 
concrete, the strength of the slab would 
be compromised.

In addition to meeting the strict design 
criteria, the slab also had to be compliant 
with the BCA and therefore featured 
much more steel reinforcement than is 
typically found in international ice rink 
constructions.

“We were able to use this extra steel 
within the slab in such a way as to 
maximise the thermal transfer to the ice 
surface and make for very uniform ice 
surface temperatures, that many of the 
Olympic sports demand,” says Tauchert.

To achieve the required flatness, laser-
controlled screeding machines were used 
to ensure a flat, finished surface, while 
the concrete was allowed to cure properly, 
with moisture loss carefully controlled.

Medibank Icehouse incorporates two Olympic-sized ice rinks.

The Icehouse is open to the public as well as elite winter athletes.
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AVoIdIng fog
Professional and Olympic-standard  
ice rinks like those installed at Medibank 
Icehouse require ice sheets that can be 
controlled at specific ice temperatures 
depending on the sport, with ice 
temperature uniform at all locations  
of the slab.

This requirement, along with the 
temperature of the ice arena, presented 
challenges to both the design team 
and mechanical services contractor 
in avoiding the occurrence of fog or 
condensation.

As fog occurs when moist air mixes 
with cold moist air, extensive modelling 
determined that arena design conditions 
of 14±2°C and 40±5 per cent relative 
humidity; an ice pad temperature 
between -3°C and -7°C would achieve  
the requisite outcomes.

“To model warm moist air mixing with 
cold moist air on a psychrometric chart, 
a straight line is drawn between the two 
initial air conditions,” Adams says.

“The resulting mixture will lie at some 
point along the line, and if the line at any 
point crosses the saturation line, fog is 
able to form. The boundary condition for 
rink fog formation can be determined by 
a similar method.

“The ice is assumed to be held at -7°C, 
and the air in contact with the ice is 
assumed to be at saturation at this 
temperature. A line is drawn on the 
psychrometric chart tangentially to the 
saturation line, from this point.”

He says warm air below this line, when 
mixing with the cold air, will not 
form fog. But warm air above the line 
has the potential to form fog, making 
it important to hold the rink at the 
condition below the “fog line”.

“The design conditions of 14°C at 40 per 
cent relative humidity met this criterion,” 
Adams says. “It was important then to 
model the system using computational 

fluid dynamics (CFD) to ensure that the 
HVAC system was adequately sized to 
deliver these conditions.”

To demonstrate that the design 
conditions could be met, Arup modelled 
the system using ANSYS CFX, a high-
performance fluid dynamics program.

eneRgy effICIenCy  
on ICe
Against what would be considered popular 
thinking, ice rinks by their very nature 
actually present significant opportunities 
to save both energy and water through 
a well designed building envelope and 
holistic design of technical systems.

Indeed, such has been the detail put into 
energy-efficient design that an estimated 40 
per cent reduction in energy consumption 
(compared to a typical ice rink) has been 
achieved at the Icehouse thanks to an 
energy-efficient building envelope, HVAC 
and process systems, heat recovery, solar 
hot water and low-emissivity surfaces.

Furthermore, a 55 per cent reduction in 
water consumption over the Docklands 
ESD Guide benchmark has also been 
achieved through heat recovery, rainwater 
collection, snow melt recycling and 
efficient fixtures.

“The sustainability outcomes were driven 
by a carefully developed brief, which 
among other things targeted an Award 
of Excellence under the Docklands ESD 
Guide,” says Adams, adding that this 
Award was ultimately achieved.

The HVAC system used to maintain 
conditions on each rink is both energy-
efficient and designed to avoid the 

the professionals
Owner:  Icehouse Melbourne Pty Ltd

Project sponsor:   
ING Real Estate Development

Architect:  Cox Architects

Main D&C contractor:  Hansen Yuncken

Building services engineer:  Arup

ESD consultant:  Cundall

Structural engineer:  Arup

Mechanical service contractor:   
Entire Mechanical Services

Refrigeration contractor:   
Tri Tech Refrigeration

the equipment
AHUs: Tri Tech Refrigeration

Boiler:  Blueflame

Cooling tower:  BAC induced  
draught-type, 1685kW capacity

Controls:  Automated Logic

Dehumidification chiller:  Emicon 
screw type R134a, 761kW capacity

Desiccant dehumidifiers:  Munters

Ductwork:  KE Fibretec fabric duct

Ice pad chiller:  Emicon screw type 
R404a Economised, 734kW capacity

VRF units:  Mitsubishi

PRoJeCt At A glAnCe

CFD analysis ensured the HVAC system was adequately sized.
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occurrence of fog by drying the air 
entering the rinks to a maximum of 3g/kg.

Rather than achieve dehumidification 
by a chilled-water or DX coil, Arup 
recommended gas-fired, desiccant-based 
dehumidification.

Adams says the former would have risked 
frost build-up on the air side that would 
not only impede performance and risk 
fog, but also consume more energy due 
to poor chiller COPs at such low-CHW 
temperatures.

Each rink is serviced by separate air 
handling units (AHUs) custom-made 
by Tri Tech that comprise of a reclaimed 
preheat coil, cooling coil, heating coil and 
desiccant dehumidifier. This design allows 
the AHUs to operate at 100 per cent outside 
air if required during full occupancy.

The design of the Bradbury Rink proved 
particularly challenging, due to the need 
to service the rink in ice mode and during 
a 2,300-person function. These different 
modes required approximately 5,000 and 
17,800L/s of air supply, respectively.

The design team chose to use a single 
AHU for both modes in order to save 
plant space, which comprises a 17,800L/s 
supply air fan with variable speed drive 
to enable ramping air flow up or down 
depending on mode.

In function mode the increased air flow is 
delivered through side-wall jet diffusers, 
designed to throw 30m into the space. In 
ice mode, the jet diffusers are isolated, 
and all air is delivered from fabric 
ducts above the ice using a low-velocity 
displacement method to ensure even 
spread of warm air.

“Perhaps counter-intuitively, the rink 
air handlers generally operate in heating 
mode due to the cooling effect of the ice 
pads and the need to maintain up to 16°C 
for recreational skaters,” Adams says.

“For this reason the reclaimed heating 
system is particularly effective, especially 
when combined with a gas-fired 
desiccant wheel that provides additional 
sensible heat as a by-product of the 
dehumidification process.”

While ancillary spaces away from 
the rinks are conditioned by variable 
refrigerant flow (VRF) units with 
tempered outside air, heat recovery was 
an important contributor to reducing 
energy consumption, with 65 per cent of 
total heat rejection capacity designed to 
be reused by heat recovery systems.

As the ice pad chiller operates around 
the clock, there is a constant waste heat 
source available at approximately 35°C 
from the condenser. So rather than 
reject this heat to the atmosphere via 
the cooling tower it is scavenged by heat 
exchangers and used to preheat outside 
air, melt snow in the snow melt pits and 
provide underfloor space heating to 
circulation and change spaces.

Along with reducing energy 
consumption, this initiative also 
substantially reduced the water 
consumption of the cooling tower.

Other energy-efficiency initiatives 
include a highly insulative building 
fabric featuring a roof constructed from 

sofia
Text Box
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straw Durra panels that helps to lock 
the coolth inside the facility and avoid 
surface condensation. The use of high 
efficiency low-e glazing with no direct 
solar radiation hitting the ice performs a 
similar role.

However, insulation performance  
plays a far smaller role in energy 
reduction compared to the use of a low 
emissivity (low-e) ceiling finish, which 
reduced the heat gain to the ice pad and 
has been shown to reduce the chiller load 
by 30 per cent – a saving of 460MWh 
annually.

“This is due to the fact that for a lot of 
the year in Melbourne, the outside air 
temperature is equal to or lower than the 
rink air temperature of approximately 
16°C,” Adams says. “Therefore energy 
consumption due to conduction gains is 
relatively small.”

On the other hand, he says the radiant 
heat exchange between the ice pad (-3°C 
to -7°C) and the ceiling (18°C to 20°C) 
can be significant.

“The insulation utilised in the build-up of 
the ice pad between the chilled concrete 
slab and the warm slab mitigates energy 
losses down and prevents freezing of the 
ground, and subsequent potential damage 
to the slab due to heave,” Adams says.

delIVeRed on tIMe
Just 417 days after construction officially 
began, the Medibank Icehouse was 
officially opened on the eve of the start of 
the 2010 Vancouver Winter Olympics on 
February 12, 2010.

That this feat was achieved is testament to an 
environment of collaboration, cooperation 
and compromise that was created from the 
earliest stages of the project.

“Collaboration was fundamental to 
achieving both goals of delivering 
sustainable outcomes and completing the 
project on time,” says Adams, adding that 
the design-and-construct environment 
was an important enabler of this 
collaboration and fast timing.

“It encouraged regular communication 
and a shared ownership of problems and 
delivery of outcomes.”

Now home to a number of aspiring 
Winter Olympians, the facility is 
enhancing the Olympic Winter Institute 
of Australia’s ice sports program in the 
lead-up to the next Winter Olympics to 
be held in Sochi, Russia in February 2014.

As OWIA chairman Geoff Henke, 
one of the driving forces behind the 
development of the facility, has said, the 
Icehouse is “a brilliant concept that gives 
new life to the long tradition of ice sports 
in Melbourne, and the cornerstone of 
national excellence, producing future 
Olympic champions.”

However, some would say the best 
endorsement comes from the thousands 
of skaters of all ages who visit the facility 
every year in the pursuit of a good time, 
no matter their ability. ❚
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