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it’s simple, really …

True sustainability is about keeping it simple, 
loose, low and long. That was the overall message 
from the industry experts gathered at the recent 
“Specifying Low Carbon Buildings” conference (page 
14). Simple, in terms of a passive sustainability 
design strategy that has no need for extra gizmos. 
Loose, in terms of future-proof, long-term flexibility. 
Low and long, in terms of a low operational energy 
solution for the whole life of the building.

Central to this low-energy approach is the 
utilisation of a building’s thermal mass to even 
out seasonal and diurnal temperature differences. 
Heavyweight concrete and masonry construction 
provides an unrivalled level of thermal mass which, 
when used as part of a passive design strategy, can 
reduce heating and air-conditioning needs, thereby 
cutting the building’s operational carbon footprint. 

A further benefit is that, far from being dull, the 
function-based designs of heavyweight low-energy 
buildings can have both a visual and structural flair. 
They provide a rare combination of the worthy and 
the exciting.

This is a message that, as the projects covered 
in this issue of Concrete Quarterly demonstrate, 
is increasingly being understood by far-sighted 
designers and clients who view sustainable 
buildings holistically, rather than simply as a 
construction process.
Guy Thompson
Head of architecture & housing, The Concrete 
Centre
www.concretecentre.com/cq
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buildings must keep cool as 
uk heats up, says report

Spelman: “Wake-up call” on climate change

RC spreadsheet software gets a revamp
The popular reinforced concrete 
spreadsheets have been revised 
following an amendment to 
eurocode 2. 

The spreadsheet is a very useful 
tool for the engineer which enables 
efficient analysis and design of 
reinforced concrete (rC) elements. 
First released in 2000, the rC 
spreadsheets have proved to be 
enormously popular.

For the experienced engineer, 
the new Version 4 enables rapid 
production of design calculations 
to the UK national annex to 
eurocode 2 . For postgraduates 

and new engineers it facilitates an 
understanding of concrete design by 
allowing the examination of a range 
of “what if” scenarios. The user is 
able to answer their own questions 
by following through the cells to 
understand the logic used.

V4 is accompanied by an updated 
user guide which formally introduces 
five new spreadsheets and provides 
additional commentary on others.

Free downloads of trial modules  
of the spreadsheets and details  
for individual or site licence  
purchase are available at  
www.concretecentre.com/rcdesign

A major report into climate change 
launched by environment secretary 
Caroline Spelman has called for 
better insulated buildings with 
higher thermal mass. 

The report, from the independent 
Adaptation Sub-Committee and 
called “Adapting to Climate Change: 
a new approach”, was launched in 
Spelman’s first major speech on 
climate change. it suggests five 
priority areas for action in the face of 
temperature rises that could be as 
great as 4ºC and increases in rainfall 
that will bring significantly higher 
risks of flooding. 

The five priority areas are: land-use 
planning, such as not building homes 
on flood plains and better surface 
water drainage; infrastructure 
that is able to cope with “typical 
Mediterranean” summers; the 
construction of buildings that are 
better insulated and cool in hotter 
summers; natural resources such 
as the establishment of wildlife 
corridors to enable species to 
migrate to more suitable areas; and 
better emergency planning.

The report was described by 
Spelman as being a “wake-up call”, 
in the face of “levels of unavoidable 
climate change”.

The call for buildings that are 
better insulated and cool in summer 
is good news for the concrete 
industry. Buildings using lightweight 
construction are more likely to feel 

the full effects of summer heat than 
heavyweight alternatives. This can 
be mitigated by the installation of 
air-conditioning, but it significantly 
increases the CO2 emissions of 
buildings and therefore their 
environmental impact. 

By contrast, the innate thermal 
mass of heavyweight construction 
using concrete and masonry can 
minimise or even negate the 
need for air-conditioning during 
the summer and cut heating 
requirements during the winter.

Heavyweight construction could 
also help to counteract the threat 
– highlighted by the report – of 
increased flooding from heavier 
rainfall. Concrete and masonry are 
flood resilient in that they remain 
dimensionally stable and do not 
warp when wet. 



Student concrete design 
competition kicks off

Concrete industry publishes third sustainability performance report

in 2008, the nine sectors within the concrete industry agreed to a pan-industry 
sustainability strategy that included the commitment to annual reporting of the 
industry’s sustainability performance. The latest report, the third in total, is based 
on 2009 production data and reports on 13 targets and 16 performance indicators – 
including a new indicator for 2009, responsible sourcing. The industry is proud to report 
that 81% of concrete production is responsibly sourced to Bre BeS 6001.

The concrete industry is committed to transparency and continual improvement, performance over 
and above legislative requirements, and providing specifiers and designers with transparent data 
that can enable the construction sector to truly deliver a sustainable built environment. For more 
information and to download the report, visit www.sustainableconcrete.org.uk

Architecture world honours Zaha Hadid and David Chipperfield

finish with flair
Lafarge Aggregates and Grace 
Construction Products have 
investigated the potential for 
creating more detailed finishes 
with exposed in-situ concrete. 
A series of trials examined 
how formliner systems and 
Agilia™, Lafarge’s self-levelling, 
self-compacting concrete, 
could achieve a pattern 
imprinted finish on vertical 
in-situ concrete. Colin Dowds, 
national specification manager 
at Lafarge, said: “The potential 
of this approach for creating 
structural concrete that has 
both visual excitement and 
thermal mass performance is 
significant.” 

entries are invited for Structural Concrete 2011, 
a design competition that is open to all students 
studying structural design as part of a Beng, Meng 
or MSc in civil or structural engineering at a UK 
university. Organised by MPA-The Concrete Centre, 
the brief for 2011 is a rugby club grandstand in a 
city in the west of england. A full project  
brief and entry form can be downloaded from  
www.concretecentre.com/competition

two of the most prestigious awards 
in architecture have gone to 
designers celebrated for their use of 
concrete. 

Zaha Hadid Architects has won 
the coveted Stirling rize for the 
MAXXi art museum in rome while 
Sir David Chipperfield has been 
awarded the riBA royal Gold Medal 
for his significant influence on the 
advancement of architecture.

The MAXXi has been lauded for  
its “structural pyrotechnics” and 
shows the same ability to use 
concrete to provide a fluid monolithic 
presence that is common in much of 

Hadid’s work.
Similarly, concrete design and 

construction is used to great effect 
by Chipperfield. His reconstructed 
neues Museum in Berlin, tyrol 
retail development in innsbruck 
and Museum of Modern Literature 
in Marbach (right) all demonstrate 
an ability to use concrete not just 
to complement existing structures 
but also to provide something 
contemporary. 

The Hadid and Chipperfield 
schemes have all been featured in 
CQ. Download copies and view project 
videos at www.concretecentre/cq Ch
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construction review  |  bodleian library

the hardback edition 
The Bodleian Library’s precious collection needs to be kept at a constant temperature and in  
buildings that are as near as possible to arson-proof. So when it found itself in need of 200km of new 
shelves, a concrete-clad storage facility proved the perfect solution. Tony Whitehead tells the story



architect Kelly Foster. Although Scott Brownrigg 
worked quickly to identify a new site near Swindon 
and secured planning permission for the facility 
in August 2009, the timescale was still extremely 
tight. refurbishment of the new Bodleian back in 
Oxford had been scheduled to begin in november 
2010, which left little more than a year to build a 
new facility. Mace Plus, already preferred bidder for 
the original scheme, was brought on board via a 
£26m negotiated design-and-build contract, with 
Scott Brownrigg novated as designer.

“As we also had been involved in the earlier 
scheme, the arrangement meant we weren’t 
starting from scratch,” explains Foster. “in fact, the 
previous work was not really wasted because we 
had thought a lot of about how the facility might 
function and the Bodleian had also developed a 
more precise idea of what it needed.”

in essence this was some 200km of shelving 
able to house about 8 million books. to preserve 
its precious contents, the building would have 
to maintain a constant temperature of 18ºC and 
a 50% relative humidity. Fire would obviously 
be catastrophic, so it also needed to be highly 
resistant to arson attack. in addition, it had to 
be easy to use, economical to run, dust-free, 
environmentally friendly and have a design life 
of 100 years. The Bodleian might have wanted an 
urgent solution, but it couldn’t settle for a quick fix.

The new location 28 miles away was a greenfield 
site, so the design was unconstrained by 
neighbouring buildings. Foster explains that the 
basic proportions of the 120m x 80m storage 
facility were largely determined by the high density 

The world-famous Bodleian Library acquires 
books at such a rate that every year it needs an 
extra three miles of shelving to put them on. So 
when a scheme for a new book storage facility in 
Oxford was refused planning permission, it was 
far more than just an inconvenience. 

The Bodleian’s existing Oxford premises, 
some of which date back to 1300, were full to 
overflowing, and already thousands of books 
were stored 100 miles away in disused Cheshire 
salt mines. to make matters worse, some of 
the Bodleian’s existing Oxford buildings no 
longer met the stringent standards required of 
a national archive, but their pressing need for 
renovation had to wait upon the availability of 
somewhere else to put the books.

The library was clearly in a critical situation, 
so architect Scott Brownrigg was asked to 
investigate alternative sites urgently. “time 
was always an issue with this job,” says project 

racking system to be employed within it.
“when a book is requested in Oxford, you want it 

found and sent off there as quickly as possible,“ she 
says. “we worked closely with the racking provider 
Schaffer and with [logistics consultant] total 
Logistics to analyse, for example, how long it would 
take an order-picking machine to get up and down 
the aisles.”

“Computer modelling gave us the ideal racking 
layout and that resulted in the building’s footprint. 
The height, 15m, was determined by the height 
of racking [11m], which in turn was limited by the 
maximum height the machines can stretch to.”

But it was the need to create a secure building 
that would last which led to the specification of the 
building’s defining architectural characteristic: the 
precast concrete sandwich panels with which it is 
clad. “That was an easy decision,“ says Foster. “The 
client not only wanted the building to be robust, 
they also wanted it to look solid and have an air of 
permanence.”

Foster considered aluminium cladding but was 
concerned that it would not prove sufficiently 
tough. “Damage from a vehicle accident, for 
example, could compromise the airtightness of the 
building, which was important both from the point 
of view of low running costs and preserving the 
constant conditions inside.”

Concrete, on the other hand, gives the building a 
much higher thermal mass, which helps to even  
out seasonal and diurnal temperature differences. 
This lowers running costs, and provides vital 
security for the book-preserving environment 
within. “if, for example, an air-conditioning unit 
were to fail, then the high thermal mass means 
that changes in temperature would occur quite 
slowly, giving time to fix the problem before the 
books suffer any damage.”

Vitally, the concrete panels also provided the 
unusually high four-hour fire rating required by BS 
5454 – the British standard for national archives 
(see “Judging its cover”, overleaf).

The contract to supply the cladding was won in 
August 2009 by Belgium-based Decomo, which  
immediately began co-ordinating its design 
and manufacturing process with the UK-based 
fabricator. “we were running shop drawings side  
by side,” says Foster. “The concrete contractors  
were casting in halfen channels to fix onto the  
steel fixings made by the fabricator. It was a good 
team effort.”

August also saw Mace Plus on site, building an 
access road and laying pad foundations for the 
portal frame which, by January, was ready for 
its concrete cladding. The team had made good 
progress, but then, as Mace Plus project manager 
Stewart Basham recalls, a complication arrived 
in the form of the worst winter for 30 years. “if it 
wasn’t wet, it was snowing,” he says. This made life 

left
The storage facility was  
completed in just 14  
months – despite the worst 
winter in 30 years
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uncomfortable, but closing the building envelope 
was a key point in the critical path. 

“we had to get the roof on before we could pour 
the floor slab,“ explains Basham. “The facility 
needed a super-flat fibrous concrete floor that 
had to cure quickly and evenly – which it won’t if 
affected by wind or rain.”

So Mace Plus and Decomo struggled through 
a finger-numbing February. It helped that the 
contractor had built the access road first to enable 
construction traffic to make its way through the 
wet clay site. Mace Plus also stabilised surrounding 
areas with crushed concrete to enable crawlers to 
manoeuvre the panels, which were shipped from 
Belgium and delivered on a just-in-time basis.

“But it was always going to be difficult,” Basham 
says. “You’ve got 70-tonne crawlers holding 
18-tonne lumps of concrete and fixing six of 
these enormous panels up every day. when it’s 
blowing a gale and you’re up to your neck in mud, 
you can imagine it’s not ideal, especially when the 
programme gives very little room for manoeuvre.”

In fact fixing did have to stop for some days when 
the site became covered with snow, but it was still 
completed, with the built-up roof system in place, 
by the beginning of March 2010.

This was quite an achievement because the 
nature of the job meant that special care was 
required in a number of areas. “Concrete dust is 
bad for books and can hang in the air for weeks, 
so we had to keep it to a minimum by deploying 
wet-vac machines,” says Basham. “Airtightness was 
also a key requirement with a target of less than 
2.18m3/h/m2. Despite the conditions under which 
we were building, we actually achieved 1.6m3/h/m2 
– which is pretty good for a building of this size.”  

to keep progress brisk, Mace Plus started 
installing pipework for the bespoke sprinkler 
system, and ductwork for the heating and 
ventilation, as each section of roof lining was 
completed. As soon as the roof was complete, 

The distinctive finish on the 254 
precast concrete panels that clad 
the Bodleian’s new storage facility 
has been achieved by sandblasting 
freshly made panels. This exposes 
the sand and aggregate beneath 
and gives the panels an almost 
natural stone look. 

Something similar can be 
achieved by acid etching, but 
sandblasting is considered more 
environmentally friendly because 
no acid is used. “Sandblasting also 
takes some of the shine off the 
exposed aggregate,” says James 
Donnington, sales manager for 
cladding manufacturer Decomo. 
“This results in an attractively 

even sheen.” 
Designed and manufactured 

under factory conditions by 
Decomo, the 7.5m x 3m panels 
are of sandwich construction, 
comprising a 150mm reinforced 
concrete inner layer, bonded to 
a 90mm layer of rigid urethane 
insulation, with a 70mm layer  
of reinforced concrete on the 
outside.

The panels cladding the ancillary 
block and staff accommodation 
along the eastern elevation of the 
facility have a repeating motif cast 
into the panels, suggestive of the 
thousands of books within and 
also of the embossing found on 

leather-bound volumes. 
Also remarkable is the panels’ 

unusually high four-hour fire 
rating, necessary for compliance 
with BS 5454, the British standard 
for national archives. Decomo 
designed the panels especially, 
with the bespoke specification 
scrutinised and approved by the 
consultant fire engineer, Pell 
Frischmann. Donnington adds that 
panel thickness, reinforcement, 
and insulation were all factors in 
creating the high fire rating. “The 
mix too was important. We added 
polypropylene fibres to it, as they 
do in the tunnelling industry, to 
improve fire resistance.”

Judging its cover: the concrete panelling

right
The racks are 11m 
tall – the highest 
point that the 
lifting machines 
can stretch to



specialist flooring contractor moved in to pour the 
floor (see box, left).

With envelope and floor complete by mid-March, 
six months remained to install services, fit out an 
ancillary block and install the shelving. “Putting in 
the shelving doesn’t sound like a big job – until you 
consider how much of it is involved,” says Basham. 
indeed, the storage system comprises 31 aisles, 
with 95,000 shelf levels. “it was a huge job. A 
bespoke sprinkler system with 1,000 heads is fitted 
into the racking. in total, the rack system involves 
around 2,000 tonnes of steel.”

The building has yet to receive its official BREEAM 
rating, but Foster is confident it will rate “very 
good” if not “excellent”. By a happy coincidence, 
the elements required for book preservation – 
longevity, airtightness and constant temperature 
– tend to be the same as those required to produce 
an efficient and sustainable building. The concrete 
cladding achieves a U-value of 0.26w/m2, and 
the fact that the building is expected to last 100 
years without substantial maintenance or redesign 
contributes greatly to its sustainability.

But it is not just the longevity of the concrete 
panels that should help keep the building fit for 
purpose. “The building is extendable,” explains 
Foster. “Some of the panels at the end of the 
building have knock-out sections which can 
become doors to an extension. The external wall 
will simply become a new internal fire wall.”

This has been achieved, she explains, by 
designing the reinforcement a little differently in 
the panels concerned, so that sections big enough 
to accommodate the picking machines can be 
knocked out relatively easily. A comparatively 
simple process – for the next time the Bodleian 
needs a little extra shelf space.

Footnotes: laying the floor 

The floor of the Bodleian storage facility must be 
super-flat – any slope or unevenness would mean  
that the machines used to lift operatives vertically  
for 11m between the narrow aisles would soon  
become stuck.

The solution employed at Swindon is a steel fibre  
reinforced concrete floor slab. With no traditional 
mesh reinforcement, this type of slab can be used to 
make large jointless areas of up to 50m2 and, although 
the technique requires the building envelope to be 
sealed before the floor can be laid, it has the  
advantage of creating highly level surfaces without 
the need for abrasive smoothing or grinding.

To make the floor, specialist subcontractor Twintec 
first laid a final regulating layer of aggregate, using  
lasers to create an unusually level base for the 
concrete. Any joints between the eight bays at the 
Bodleian were carefully positioned so as to be under 
racking, rather than aisles.

Next, 40kg of steel fibres were added to every cubic 
metre of concrete along with a superplasticiser, before 
being flood-poured into 1,200m2 bays and levelled 
using a laser-screed machine. A dry shake topping to 
improve the floor’s grip and abrasion resistance was 
added and then, while the concrete was still plastic, 
the slabs were further densified and levelled by ride-
on machines which vibrate the concrete and smooth 
the surface. The 10,000m2 floor at the Bodleian was 
created in eight days, with one bay poured per day and 
the levelling process continuing overnight.

A curing agent, followed by a final polish resulted in 
a category A-class flat floor that will remain smooth 
and virtually dust-free with very little maintenance. 

Key facts

site area  6ha
total floorspace  11,600m2 
storage area  9,925m2 
co2 emissions  18.82kg CO2/m2 
cables  49,500m (Fire ALArM, 
SUB MAinS, Lighting, POwer AnD 
SeCUritY)
racKing system  2,196 tOnneS 
OF SteeL, 25,000 nUtS AnD BOLtS, 
1,000,000 riVetS, 18,000 FLOOr  
FixingS

project team 
Client  The Bodleian Libraries of the University 
of Oxford
Architect  Scott Brownrigg
Structural engineer Peter Brett Associates 
Main contractor  Mace Plus 
Cladding (precast concrete sandwich panels)  
Decomo UK 
Concrete floorslab (formwork)  Byrne Bros
Specialist concrete flooring contractor  twintec

The 10,000m2 
floor at the 
Bodleian facility 
was created in 
eight days, one 
bay being poured 
each day
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energy research Building is therefore a vital 
demonstration project that shows how low energy 
use can be achieved.

The building’s energy-saving measures include 
solar hot water generation, extensive zone 
controlling of the heating services and the 
conversion of waste heat by an onsite combined 
heat and power station. in addition, it will contain 
occupancy sensors and demand-driven ventilation 
using variable speed fan motors to minimise 
electrical consumption. A metering system will 
allow energy usage to be monitored and an 
intelligent building management control system 
will ensure that optimum performance  
is maintained.

Heavyweight concrete is central to the passive 
sustainability design and construction of the 
building. exposure of the concrete structure 
enables its thermal mass potential to be fully 
realised, thereby reducing the need for energy-
intensive air-conditioning, while passive solar 
glazing minimises solar gain. The energy target for 
the building is 80KwH/m2/year with an anticipated 
energy performance certificate B rating of 35.

The University of Leeds Energy Research Building 
is under construction and due for completion in 
July 2011.

intelligent  design

LEEDS PLATINUM  
STANDARD …

if you happen to be a university with an 
international reputation in the field of sustainable 
energy, it probably behoves you to make your new 
research centre the pinnacle of state-of-the-art 
energy-efficient design.

Which is why architect Fairhursts Design  
Group has set out to do exactly that at the 
£7.9m 3,400m2 energy research Building for the 
University of Leeds. When complete, the aim is 
that the building will provide an international 
showcase for research into everything from the 
sustainable use of fossil fuels to carbon capture, 
material recycling, biofuels, transport policy and 
the environmental impact of emissions from 
energy-related activities. Some 170 researchers 
and students will be based there, including 50 PhD 
students who will be recruited over the next eight 
years to research low-carbon technologies, under a 
programme that is being funded through a £6.5m 
grant from the Engineering and Physical Sciences 
research Council. 

The CO2 emissions resulting from the day-to-
day operation of our buildings far outweighs the 
embodied CO2 energy of their construction. The 

Project team
client  University of Leeds
architect  Fairhursts Design Group
contractor  BAM Construction
engineer  WSP
m&e  Couch Perry & Wilkes

above
Heavyweight concrete is central 
to the construction of the £7.9m 
Energy Research Building 
top right
Manchester Metropolitan 
University’s Business School 
and Student Hub has a concrete 
structure beneath its jewel-like 
glazing
above right
The Manchester buildings are 
linked by two full-height atriums



intelligent  design The latest additions to Leeds and Manchester 
Metropolitan universities are putting UK academia 
at the forefront of low-energy construction

… AND MANChESTER’S  
GREEN jEWEL

currently under construction, the new Business 
School and Student hub at Manchester 
Metropolitan University is designed to provide a 
stimulating and inspiring teaching environment 
with impressive green credentials.

Designed by Feilden Clegg Bradley and 
constructed by Sir Robert McAlpine, the 
£54m building will comprise three separate 
administration and teaching blocks. ranging from 
four to eight storeys, the blocks will be linked by 
two full-height atriums. The design is highly flexible 
with column-free floor plates of lecture theatres, 
seminar rooms, academic and administrative 
offices flanking the atriums. The three blocks will 
sit under a single glazed roof. 

externally, the building has a trapezoidal plan, 
a result of the geometry of the site. This gives 
a jewel-like quality to the design, which will be 
enhanced by the way the glazed roof and facades 
refract the sun.

Each atrium will have a distinct character. The 
Business School will be a calm space with bridges, 
balconies and platforms that provide space for 
social interaction. in contrast, the Hub atrium 

will be more vibrant, characterised by the buzz 
of catering facilities and the traffic of people. The 
20,500m2 building will incorporate a new faculty 
and cross-university facility for 5,000 students and 
250 staff including student services, learning and 
social zones and IT drop-in spaces.

The building uses precast and in-situ concrete 
to provide thermal mass that will minimise the 
need for heating and air-conditioning. The concrete 
structure is integral to the reduced operational 
energy and CO2 savings of the building. The precast 
floor slab will use ground water as a cooling source 
and a chilled water pipework is set beneath the 
soffits of the floor to provide a radiant space 
cooling system. The thermal mass of the concrete 
acts with the cooling system to reduce temperature 
swings. in addition, the building incorporates 
natural daylight, controlled ventilation and 
integrated energy generation features such as solar 
panels on the large south-facing roof and ground 
source heat pumps.

Due for completion in October 2011, the new 
Business School and Student hub will provide 
a clever blend of learning and social interaction 
spaces that meets the demands of teachers and 
students in a digital age, while its sustainable 
features will place it at the forefront of green 
building design and construction in Manchester.

Project team
client  Manchester Metropolitan University 
Business School
architect  Feilden Clegg Bradley
main contractor  Sir Robert McAlpine
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building’s structure. The third shell is a north-
facing glazed curtain wall that maximises diffused 
daylight and provides a visual connection into the 
building. Finally, the fourth inner shell, which is 
made from salvaged red wood from a local winery, 
provides shading to the facing wall of the office and 
conference wing.

Although the four shells have distinct characters 
and purposes, they work together to define a fluid 
set of interior spaces that encourage the visitor to 
experience the building from start to finish.

ICF, from which the outer shell is constructed, 
is widely used in the US, as well as Canada and 
continental Europe. It is a flexible construction 
system that allows sustainable and affordable 
build of high levels of performance and visual 
specification. In essence, it comprises either 
lightweight twin-walled expanded polystyrene 
(EPS) or extruded polystyrene panels or blocks 

The pioneers have returned to California. The 
Frontier Project, located in the town of Rancho 
Cucamonga in the south of the state, is a 
demonstration project that aims to educate 
designers, builders and the public about the latest 
sustainable design approaches and technologies. 
The idea was to create a visually exciting building 
that also provides an engaging learning experience, 
rather than a sermon on sustainability.

HMC Architects’ design meets this brief with 
panache. While never forgetting that everything 
from the construction materials to the landscaping, 
had to be, above all, functional, the design of 
the 1,300m3 building invites the user to enjoy 
and learn. It is formed of four concentric shells, 
each with a different purpose. The outer shell is 
constructed from insulated concrete formwork 
(ICF). The second shell is constructed from in-situ 
concrete and provides lateral integrity to the 

that are built up on site to create formwork 
walls. Concrete is then used to fill the cavity. 
The formwork stays in place, providing complete 
thermal insulation that is ready to take most  
forms of internal finishes or external cladding 
systems.

 The simplicity of the system is underlined by its 
ease and speed of construction – one-storey walls 
can be completed in just one day. ICF also offers 
high levels of sound insulation, fire resistance 
and flood resilience, plus a low level of air leakage. 
Because of the high level of inherent insulation,  
ICF buildings cost less to heat and cut CO2 
emissions. The ICF system used in the Frontier 
Project consists of 47% recycled material and it is 
estimated that it provides energy savings of 46% 
compared to a standard timber-frame structure. 

The concrete second shell and floors also  
have a sustainable pedigree, in that they use  

up front and personal
HMC Architects’ Frontier Project in southern California works both as a showcase for trail-blazing 
sustainable materials and technologies and as an enjoyable, hands-on visitor experience



cement addition, fly ash – 25% for the walls and 
40% for the floors. Fly ash is a by-product  
from coal power stations that could otherwise  
end up in landfill.

The building’s other sustainable features include 
a passive cooling system, green roof  
and photovoltaic panels, recycled carpet, wall  
tiles and counters, water-free urinals and 
automatic low-flush toilets. The landscaping 
includes plants that require little water or 
maintenance and biofilters that channel onsite 
water to a 7,570-litre underground cistern and 
190,000-litre infiltration basin.

Despite the worthiness of the project’s objective, 
there is an openness and lightness of touch to the 
design. Visitors are encouraged to experience the 
building and the technologies that it is presenting. 
In this way, HMC says, it seeks to go “beyond the 
norm of sustainable buildings as merely machines 
of green technologies by combining architectural 
and ecological principles as equal forces in the 
formation of the building”. 

Due to be awarded a LEED Platinum certificate 
from the US Green Building Council, the Frontier 
Project successfully demonstrates that sustainable 
design and construction can be efficient, economic 
and visually stimulating.

above
Visitors are encouraged to walk around and enjoy the  
building and gardens. The landscaping includes plants that 
require very little water or maintenance

project team
Architect  HMC Architects
Client  The Frontier Project Foundation/Cucamonga 
Valley Water District
Main contractor  Turner Construction
Engineer  Farnsworth Group
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concrete is left exposed internally in order to 
exploit the benefits of its thermal mass, while also 
creating a visually exciting space. 

The precast concrete provides a monolithic 
structure that is naturally airtight. Airtightness 
tests achieved 0.2198 air changes an hour (ac/h) at 
50pa, which exceeded the demanding PassivHaus 
requirement of 0.6ac/h at 50pa. The house is 
insulated to achieve a PassivHaus U-value of less 
than 0.15 W/m2/k.

The plan of Underhill House is basically an 
L-shape. Construction was complicated by the 
differing levels and the need to construct one 
third of the building underneath the barn. This was 
compounded by the planning requirement to keep 
three walls of the barn intact while building a new 
house underneath. 

precast concrete has played a central role in the 
construction of England’s first house certified to 
PassivHaus standards.

Located in the Cotswolds, beneath a restored 
300-year-old barn in an area of outstanding natural 
beauty, Underhill House has been designed by 
Seymour-Smith Architects to make a minimal 
visual and environmental impact. The house is 
dug into the top of a hill and is invisible from the 
surrounding countryside. To the south, it is entirely 
glazed with the rest of the structure being  
earth-sheltered. The combination of the solar heat 
gain from the glazing and high level of insulation 
from the earth provides an extremely efficient 
passive sustainability design. 

The precast concrete structure of the underground 
house also adds to its sustainability. Much of the 

This was achieved by strengthening the barn 
walls and tying them together. They were then 
underpinned using reinforced concrete that  
was continuous from one bay to the next to 
effectively create concrete beams under the  
walls. A steel frame supported the concrete  
beams while the enormous hole was dug out; 
the barn was suspended above, and the house 
constructed.

The challenges of this project were considerable, 
not only in the choice of location and the  
demands of building a house into a hillside 
underneath an existing barn, but also in meeting – 
and indeed exceeding – the demanding criteria  
of PassivHaus. You will be able to watch how  
those challenges were overcome in an episode  
of Channel 4’s Grand Designs aired this autumn.

passive impressive
The first certified Passivhaus in England not only meets but exceeds the standard’s exacting 
requirements – thanks largely to the natural airtightness of its concrete structure



below  The interiors deliberately leave much of the concrete structure exposed, while south-facing glazing makes the best possible use of solar gain
bottom left and right  The house has been designed to have minimal visual impact on its environment

ProjECT TEAm
architect  Seymour-Smith 
Architects
structural engineer  omK 
Design Consultancy
precast concrete  Charcon 
Precast Solutions

The term PassivHaus refers to a specific 
construction standard for buildings 
that achieve excellent comfort 
conditions in both winter and summer 
and exceptionally low running costs by 
using efficient components.

PassivHaus dwellings typically 
achieve an energy saving of 90% 
compared to that of a typical house. 
Worldwide there are 17,000 buildings 
constructed to the PassivHaus 

principles. The features of this  
approach are:
n Very good levels of insulation with 
minimal thermal bridges
n Well thought-out utilisation of solar 
and internal heat gains
n excellent level of airtightness
n Good indoor air quality provided by 
a whole-house ventilation system with 
highly efficient heat recovery.

By specifying these features, the 

design heat load is limited only to that 
which is transported by the minimum 
required ventilation air. Thus, a 
PassivHaus does not need a traditional 
heating system or active cooling to 
be comfortable – the small heating 
demand can be typically met using a 
compact services unit which supplies 
heating, hot water and ventilation.

For Europe (40º-60º northern 
latitudes), a building is deemed to 

satisfy the PassiveHaus criteria if:
n The total energy demand for space 
heating and cooling is less than  
15 kWh/m2/yr treated floor area
n The total primary energy use for all 
appliances, domestic hot water, space 
heating and cooling is less than  
120 kWh/m2/yr

For further information visit:  
www.passivhaus.org.uk

PassivHaus explained
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and, more and more, by increasing their thermal 
mass to reduce heating and air-conditioning 
requirements. 

Against this background, building owners and 
users are demanding more from their buildings. 
They want them to have both architectural  
form and pragmatic function, to provide 
comfortable living and working conditions 
throughout the year, with a low carbon footprint 
and a long, flexible life.

Keeping to the rules
The conference examined in detail the impacts of 
climate and regulatory change on our buildings. 
Bill Gething, architect and chair of Bre Global 
Sustainability Board, examined how these changes 
require the upgrading of existing buildings and the 
development of a different design approach for new 

Keep it simple, loose, low and long – that was the 
advice from a wide range of industry experts at 
the recent Concrete Centre industry conference, 
“Specifying Low Carbon Buildings”. 

Buildings are facing a number of significant 
challenges, not least of which are the impact of 
climate change, the requirements of building 
regulations and the demands of owner and user 
expectation. 

in terms of climate change, the predictions are 
for hotter summers, extreme rainfall and storms. 
Buildings will have to meet these demands without 
recourse to carbon-intensive air-conditioning  
and with robustness and flood resilience. In 
addition, regulations are being tightened to ensure 
that buildings play their part in mitigating the 
impacts of climate of change by reducing their 
carbon footprint through improved insulation  

build. with south-east UK summer temperatures 
predicted to rise significantly and extreme 
rainfall patterns becoming the norm, he called for 
buildings that can adapt quickly “from grey to blue 
skies”. Buildings will have to offer robustness and 
resilience against rain and floods plus shade and 
respite from the heat of the sun. 

A feature of the new design approach will be the 
realisation of the potential of thermal mass to 
reduce the need for air-conditioning in the summer 
and heating in the winter. The role that thermal 
mass can play as part of a passive solar design 
strategy is being increasingly recognised with its 
introduction to the SAP calculation supporting Part 
L1 of the Building regulations. 

Other changes to Part L include the setting of 
new 2010, 2013 and 2016 CO2 targets. targets, 
which as tom de Saulles, building physicist with 

the lowdown
Guy Thompson reports from The Concrete Centre’s ‘Specifying Low Carbon 
Buildings’ conference and finds that the message coming from experts is 
loud, clear and surprisingly simple …



The Concrete Centre, explained, can be met with a 
passive sustainability design strategy without the 
need for add-on renewable gizmos.

The case for concrete
The visual potential of concrete exposed for 
thermal mass was presented by concrete expert 
and architect David Bennett. Referring to a number 
of projects, he showed how exposed concrete 
has both performance and aesthetic benefits – a 
marriage of function and form. 

Exposure of the concrete also has the benefit of 
reducing or even removing the need for additional 
materials for insulation, suspended ceilings 
and sound insulation. This further reduces the 
embodied carbon footprint of a building – as does 
the use of cement additions waste materials 
from other industries such as fly ash and ground 
granulated blast furnace slag, which could 
otherwise go to landfill.

The top of the chain
The developers’ point of view was provided by  
Sarah Cary from British Land. in addition to 
regulatory requirements for CO2 reductions, she 
explained how developers, spurred on by the 
demands and expectations of tenants, are looking 
for responsible sourcing and transparency from the 
supply chain. The main initial considerations are 
embodied CO2 and cost and programme. to these 
are added future flexibility and energy use over the 
building’s lifetime. 

Developers are keen to provide low-carbon 
buildings but need greater guidance and 
information from the project team and supply 
chain on how best to proceed. This information 
is particularly required to overcome the innate 
conservatism of letting agents, which can act 
as a barrier to the construction of low-energy 
speculative offices.

Nothing fancy
The necessity of increasing awareness and 
understanding of low-carbon buildings was 
reiterated by will ray, technology acceleration 
manager with the Carbon trust. real operational 
data from real buildings is required to demonstrate 
how low-carbon buildings work. The Carbon Trust is 
carrying out an operational building study aimed at 
providing just such information. The study involves 
monitoring actual operational performance against 
what was predicted and covers nine low-carbon 
refurbishment and 19 new-build projects. A 
common feature is that far from being complicated, 
the full engagement of all members of the project 
can ensure that the provision of a low-carbon 
building is simple and straightforward.

The benefits of early and full engagement of  
the project team were also highlighted by 
John Barritt, wrAP construction materials and 
sector specialist. Barritt presented the wrAP 
tool and guidance for designing out waste. This 
enables waste, cost and CO2 savings. WRAP is 
also exploring the options for recycling concrete 
without increasing net carbon and defining model 
procurement requirements for carbon efficiency. 

The impact of climate change, regulations and 
user demands was put into real perspective by the 
panels of experts who fielded questions on a range 
of subjects. The panels, which included architects, 
engineers, clients and consultants, concluded that, 
rather than be overwhelmed by these challenges, 
the way forward is to work together to deliver 
buildings that are simple and flexible and offer long 
life-time operational energy savings with minimum 
maintenance and maximum performance.

Many thanks to all speakers, delegates, staff 
and supporters, including BD and Building, for an 
informative and enjoyable conference.
Guy Thompson is head of architecture at The 
Concrete Centre

DAviD Bennett ShOweD hOw 
exPOSeD COnCrete hAS BOth 
PerfOrMAnCe AnD AeSthetiC 
BenefitS – A MArriAGe Of 
fUnCtiOn AnD fOrM

Further inFormation

n Dynamic Thermal Properties Calculator, 2010
n Material Efficiency, 2010
n Concrete Credentials: Sustainability, 2010
n SAP 2009 – Fabric Energy and Thermal Mass, 2009
n Achieving Code Level Five with Concrete and Masonry, 
2009
n Concrete and the Green Guide, 2009
n Thermal Mass Explained, 2009

Free copies of the above can be downloaded from  
www.concretecentre.com/publications

below
“Specifying Low Carbon  
Buildings” took place at the 
Southbank Centre in London
bottom
WRAP’s John Barritt and the 
Concrete Centre’s Guy Thompson 
address delegates
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