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Multi-storey Residential

Alternative Sustainable Forms
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Sustainable Construction Encompasses

• Reuse of existing built assets
• Design for minimum waste

• Maximising building flexibility
• Minimising resource and energy use
• Reducing pollution
• Including respect for people and their 

environment 
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Concrete
Mike Miller

Director
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Fact or Myth?

170Kg CO2 per tonne

“For every tonne of concrete used in 
construction, a tonne of Carbon Dioxide 

will be released into the atmosphere”
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• How is concrete made?

• Why is concrete construction so popular?

• The sustainable future of concrete
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How is concrete made?
Why is concrete so popular?
The sustainable future of concrete
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Cement Manufacturing
• Carbon Dioxide (427,000 T Carbon 

Dioxide)
• Sulphur Dioxide (370 T Sulphur Dioxide)
• Nitrogen Oxide (937 T Nitrogen Oxides)
• Dust (37.5T Dust)

How is concrete made?
Why is concrete so popular?
The sustainable future of concrete
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• Overall energy efficiency to improve by 25.6% 
by 2010 (against a base year of 1990)

• £500 million investment in new plant

• Increased use of alternative fuels e.g;
– Waste solvents
– Scrap tyres
– Waste oils
– Animal products
– Sewage sludge pellets

How is concrete made?
Why is concrete so popular?
The sustainable future of concrete
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Energy performance target 1990 - 2010
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Comparison of Embodied CO2 for different Concrete 
Mixes
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CEM1

30% Fly ash

50% GGBS
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Table A: Use of RA and RCA in BS 8500 for Designated Concrete
Designated concrete Percentage of coarse aggregate in RA or RCA
GEN 0 to GEN 3 100%
RC20/25 to RC40/50 20%*
RC40/50XF 0%
PAV1 & PAV2 0%
FND2 to FND4 0%
*a higher proportion may be used if permitted in the specification

Table B: Use of RCA in BS 8500 for exposure classes Designated concrete
Exposure Use of RCA permitted ?
XO Yes
XC1, XC2 & XC3/4 Yes
XD1, XD2 & XD3 Possibly**
XS1, XS2 & XS3 Possibly**
XF1 Yes
XF2, XF3 & XFa Possibly**
DC1 Yes
DC-2, DC-3 & DC-4 Possibly**
**if it can be demonstrated that it is suitable for the exposure condition

Recycled Aggregates and BS 8500
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How is concrete made?
Why is concrete so popular?
The sustainable future of concrete

Locally sourced in UK
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Material Credentials

Material inputs to  Basic Oxygen Steelmaking (BOS) and 
Electric ArcFurnace (EAF)

Basic Oxygen Steelmaking (BOS) EAF

Coal
For transformation 
to coke in own 
coke  ovens

Coke

4T

Iron Ore

14T

Coke
Bought as such

Hot Metal
Ex blast furnace

9T

Scrap*

2T

Scrap*

10T

EAF PRODUCTION

10T 

UK REBAR
Iron & Steel 
Statistics 
Bureau

BOS PRODUCTION

10T 

UK STRUCTURAL STEEL

* Locally sourced in UK
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• Cost effective and versatile
• Robust
• Fire protection
• Acoustic
• Thermal mass
• Security
• Durability
• Flood resilient

How is concrete made?
Why is concrete so popular?
The sustainable future of concrete
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Cost effective and versatile
• Flat slab
• Transfer structures
• Advances in shuttering
• Flexibility and adaptability
• Fin columns

How is concrete made?
Why is concrete so popular?
The sustainable future of concrete
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Robust
Ensuring structures do not 
succumb to progressive collapse if 
one part becomes compromised -
concrete structures are particularly 
robust since the reinforcement 
ensures that an alternative load 
path (s) are utilised in the event of 
a problem

How is concrete made?
Why is concrete so popular?
The sustainable future of concrete
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Fire protection
Concrete does not melt, 
cannot be set on fire like 
other materials and does not 
emit any toxic fumes when 
affected by fire

How is concrete made?
Why is concrete so popular?
The sustainable future of concrete
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Acoustic

The growing demand on buildings and 
the increased density of dwellings has 
made noise pollution a serious issue

How is concrete made?
Why is concrete so popular?
The sustainable future of concrete
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5 primary ingredients that acousticians look for:

I s ola ti o    n

MASS
Absorption

STIFFNESS

resilience

How is concrete made?
Why is concrete so popular?
The sustainable future of concrete
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4 uniquely given by one material, concrete:

I s ola ti o    n (cavity walls)

MASS
Damping

STIFFNESS

How is concrete made?
Why is concrete so popular?
The sustainable future of concrete
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30ëC

15ëC

Day DayNight

How is concrete made?
Why is concrete so popular?
The sustainable future of concrete

Lightweight building in summer – Thermal Mass
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Thermal Mass Heavyweight building
Day DayNight

Peak temperature delayed 
by up to 6 hours

External temperature

Up to 6 – 8 ëC
difference 
between peak 
external and 
internal 
temperature.

Internal temperature
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1. Minimise overheating; a growing 21st century 
problem linked to climate change

2. Provide warmth in the winter by capturing solar 
gains (passive solar design)

How is concrete made?
Why is concrete so popular?
The sustainable future of concrete

Living Room Temperature of a Low and
High Mass House - Summer 2050
(Arup/CIBSE research 2005)

Nightingale Estate, East London

Concrete dwellings, benefiting from 

passive solar design in winter
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Security, Durability, Low Maintenance, Air Tightness

How is concrete made?
Why is concrete so popular?
The sustainable future of concrete
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Flood Resilient

How is concrete made?
Why is concrete so popular?
The sustainable future of concrete
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• Embodied Energy
The energy, and hence emissions, to quarry the materials, manufacture 
cement, produce concrete, transport to site, construction and eventual 
demolition.

• Whole Life Time Costs
“About 90% of the environment impact from buildings is from 
heating, cooling and lighting. Only 10% from the embedded 
energy taken over a 60 year life cycle”

How is concrete made?
Why is concrete so popular?
The sustainable future of concrete
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Use of other cementitious products 
reduces embodied energy

Cements incorporating 50% ggbs will reduce the 
embodied CO2 of concrete by some 40% 
(compared with a CEM1 cement)

How is concrete made?
Why is concrete so popular?
The sustainable future of concrete



10

richard
� � �

� � � � � � �

The Local Market
• 99.9% of all aggregates are UK in origin

• 90% of Ordinary Portland Cement produced in the UK 
(10% imported due to international companies)

• 100% UK sourced scrap steel for reinforcement bar

• 100% pfa produced in UK

• 90% ggbs produced in the UK

How is concrete made?
Why is concrete so popular?
The sustainable future of concrete
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• Significantly reduced environmental, economic and 
social impacts from transportation

• 80% of all aggregates produced are used within 30 
miles of production

• Supports local economy

• Supports local jobs

• Does not transport environmental impacts to other 
countries that may have lower levels of environmental 
protection legislation

How is concrete made?
Why is concrete so popular?
The sustainable future of concrete

The Local Market
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Intelligent design

How is concrete made?
Why is concrete so popular?
The sustainable future of concrete
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Intelligent design
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Intelligent design

How is concrete made?
Why is concrete so popular?
The sustainable future of concrete
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Shear (Halfen product)

How is concrete made?
Why is concrete so popular?
The sustainable future of concrete

Intelligent design
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Simp ly  supported  s lab @ 2.5 kN/m2
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Multiple span  solid  s lab  @ 5.0 kN/m2
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Flat s labs  @ 5.0 kN/m2
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Type: two-bed starter home

Location:        south east England

orientation:     south

Construction:  � timber frame
�  masonry (3 weights)

• Timber frame: 32 tonnes

• Masonry – medium-heavyweight: 35 tonnes (1.25 tonnes more)

• Masonry – medium-heavyweight: 35 tonnes (3.0 tonnes more)

• Masonry – heavyweight: 37 tonnes (4.9 tonnes more)
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How is concrete made?
Why is concrete so popular?
The sustainable future of concrete
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Mediumweight: Additional embodied 
CO2 offset in 11 years

Medium-heavy & heavyweight: 
Additional embodied CO2 offset in 21 to 23 years
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• The difference in embodied CO2 between masonry and timber frame 
construction is relatively small (only 4% for a typical masonry house)

…and when a masonry/concrete house is designed and operated to 
take advantage of its thermal mass:

• It can provide year round energy/CO2 savings through reducing the 
need for air conditioning in the summer and heating fuel in the winter

• The additional embodied CO2 burden can be offset in as little as 11 
years, due to better winter performance, and ultimately the whole life 
CO2 emissions are lower than for an equivalent lightweight house

richard
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• Intelligent design

• New products and holistic approach

• Considering whole life costs

How is concrete made?
Why is concrete so popular?
The sustainable future of concrete
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“Concrete provides valuable trade off’s between 
embodied energy and operational energy. Over 
a 60 year life the total CO2 emissions of a 
concrete building will be significantly less than a 
steel and timber framed option”
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Timber
Stephen Staines

Director
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Introduction

• Timber – where does UK source it?
• Sustainable construction

• Fire safety – is this a pitfall?
• How high can timber frame go?
• Construction benefits
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Is wood good?

• Wood is an organic, renewable material 
and therefore a sustainable resource 
unlike many other non-renewable 
materials

• Timber frame is recognised as the 
world’s largest house building  method
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Where does the UK source its timber?

25%
16%

Sweden
Finland

Scandinavia

7%
6%

USA
Canada

North America

16%LatviaRussia/
Eastern Europe

UK imports approx 70% of total sawn softwood demand
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• Imports mainly enter the UK by sea

• It is estimated that 95% of softwood currently 
used for timber frame is imported

• Reservations about the suitability of UK 
grown softwood timber for structures use
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Market share for timber 

frame residential construction in UK

Scotland

50%

England

13%

Ireland

30%

Other
7%
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Sector Use

• Residential – dwellings, apartments/flats
• Buildings other than dwellings

– Hotels/hostel
– Student accommodation
– Nursing homes

• Often mixed use developments combined 
with
– Commercial
– Retail
– Car parking

• Some commercial/education
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Forms of Timber Frame

• Stick build
• Platform frame

• Modular – volumetric
• Post and beam
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Forms of Timber Frame

Platform Frame Volumetric Construction

New Oak Frame – Post & Beam
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What is Sustainable Construction?

• Reducing exploitation
• Efficient buildings

• Reduced waste
• Improving quality of living
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Sustainable Construction

Specifying sustainable timber

– Certification of timber becoming 
increasingly important

– Government Timber Procurement Policy 
Central Point of Expertise on Timber 
(CPET) 
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Sustainable Construction

CPET undertaken several reviews
Schemes now approved as legal and 

sustainable (Dec 2006) are
– FSC
– CSA
– PEFC
– SFI
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Area Certified in various 
countries around the world

-December 2005-
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Thermal Mass and Timber

• Capacity of material to absorb and store 
heat

• Timber naturally low in thermal 
conductivity
– An excellent insulator
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Thermal Mass and Timber

• Comparison with other materials:-
15 x better than concrete
400 x better than steel
1770 x better than aluminium

• A 25mm thick timber board has better 
thermal resistance than a ½ brick wall
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What is Embodied Energy?

The energy consumed by all of the 
processes associated with the material 
in the production of a building i.e. from 
procuring the raw material, 
manufacture, transportation, 
construction, maintenance and repair, 
demolition and recycling.
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Embodied Energy

The total amount of the embodied energy 
can be high typically 20% of the 
buildings energy consumption during a 
50 year design life.
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Estimated embodied energy values for 
material processing (GJ/tonne)

180 - 240Aluminium

(cold rolled) 26
(hot rolled) 31

Steel sections

1.3Concrete

8.0Laminated timber

0.7Locally sourced timber
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• Timber and wood processing industries are 
far less energy intensive than many other 
materials such as steel or concrete. 

• Virtually zero waste

• Approx 60% of the timber material that comes 
into the sawmill is converted into sawn timber

• Waste used for engineered wood products or 
biomass
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Zero or Carbon Neutral?

• Timber is effectively carbon neutral

• 1M3 timber will have fixed (reduced 
emissions from the atmosphere) of CO2
by 1.0 tonnes  and released back 0.7 
tonnes of oxygen.
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Fire Safety – is this a pitfall?

• Design requirement for fire protection 
given in National Building Regulations 
Approved Document B 

• Fire protection fully achieved when 
building completed  
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Fire Safety
• Timber has inherent fire characteristics with 

predictable charring rates

• Little fire resistance during construction due 
to minimal size/cross section of the timber 
frame elements

• Fire risk assessments

• Fire safety management process
– Fire breaks/fire walls
– Tighter site control
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How High Can Timber Frame Go?
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How High Can Timber Frame Go?
• Recent changes to design standards 

BS5268 Part 6 Section 6.1 have 
increased the number of storeys from 4 
to 7

• Within timber construction industry 8 
and 9 storey buildings currently being 
developed
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Greater understanding and 
confidence in performance 

• Sequencing of construction - preloading
• Moisture movement – timber and 

brickwork
• Induced stress movement 

– axial shortening of studs negligible
– Mainly due to compression perpendicular 

to grain
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How High Can Timber Frame Go?
Engineered wood
• Improved strength characteristic over 

natural softwood
• Increase use
• Reduces risks to differential movements

– dimensionally stable
– strength enhanced
– provided at key locations in construction
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Timber frame 
housing
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Construction Benefits

• Off site manufacture:-
– Tighter quality control
– Less snagging
– Weather tight in less time
– Better health and safety and working environment

• Cost - reduced
• Programme - shortened
• Lighter structures – more economical 

foundations 
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Construction Benefits

site intensive 
construction

small 
OSM project

large 
OSH project

Time scoring

Base line

Cost saving

*represents an increase in cost of 5%

* 5%
10%

20%
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Answer – wood is good
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coffee…
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Steel
Ken Wallace

Director
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Crystal Palace 1851
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Is the use of steelwork an 
environmentally 

responsible choice?
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• Steel production
• Recycling

• Types of steel frame
• Code for Sustainable Homes
• Winton Court
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Steel Production
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Steel Recycling
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13815611Landfill (%)

216151013Re-use (%)

859179798986Recycling

International 
non structural 
steel

RebarComposite 
floor 
decking

CladdingPurlins and 
rails

Structural 
Sections

Reuse percentages
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Steel energy life cycle
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Steel frame with precast concrete floor
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Composite Frame - Stratford Eye
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Composite frame
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Slimdek with asymmetric beams
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Asymmetric Beams
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Pressed steel floor joists
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Composite frame – Deannsgate Manchester
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Westok ultra shallow floor beams  
Millners Wharf Manchester
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Steel framed apartments
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Pressed steel 
wall framing
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Stratford Eye
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Stratford Eye
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Pressed steel 
framing production
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Pressed steel framing
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Residential with 
pressed steel framing
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Steel frame relative cost reduction
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Modular volumetric frame
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Modular volumetric unit
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Murray Grove project Hackney
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Comparison of time and cost factors
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Do we need to increase off site construction?
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Code for Sustainable Homes

Minimum Standard Materials

BRE Green Guide rating of at 
least D
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Green guide rating
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Code for Sustainable Homes

Category 3 

Environmental Impact of Materials
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Code for Sustainable Homes

Category 5

Construction Waste
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Code for Sustainable Homes

Category 7

Lifetime Homes
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Code for Sustainable Homes

Category 8

Construction Site Impacts
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Code for Sustainable Homes

Category 9

Ecology
Building Footprint
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Winton Court
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Winton Court
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Winton Court
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Winton Court
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Winton Court
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Winton Court
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Winton Court Team

Richard Jackson plcStructural and Civil 
Engineers

Cartwright PickardArchitect

Caledonian Building 
Systems

Frame Sub Contractor

KierContractor 

GenesisClient
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Winton Court 
Second Floor 
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Winton Court Second Floor Layout
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Winton Court Third Floor Layout
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Advantages of steelwork

• Suitable for high rise
• Recyclable
• Reusable
• Long spans
• Flexible layouts
• Slim floor plates
• Off site construction
• Modern methods of construction
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Is the use of steelwork an 
environmentally 

responsible choice?
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Is the use of steelwork an 
environmentally 

responsible choice?

Yes
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Questions?
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Multi-storey Residential

Alternative Sustainable Forms


