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This one day course, presented by The Concrete Centre has been specially designed to provide

a clear and concise understanding on how to design Concrete Block Permeable Pavements.

Design Course
Design of Concrete Block Permeable Pavements

Date and venue:

12 June 2007 (09:00 - 17:00)
Tavern Room, Royal Society of Art, 
8 John Adam Street, 
London, Greater London
WC2N 6EZ

Cost: 

£180 + VAT per person

Course content:

• Introduction to
Environment Agency requirements
Local Authority requirements

• Costs
Initial construction costs
Whole life costs

• Structural design
• Basic hydraulic design
• Hydraulic design demonstration using

software
• Worked example
• Misconceptions and frequently asked

questions

Intended for:

This course is intended for professionals
involved in design of pavements. 

Booking:

www.concretecentre.com
or call: 0700 4 500 500

Synopsis:

Concrete Block Permeable Pavements (CBPP) provide a durable and cost effective Sustainable

Drainage (SUDS) solution. At the end of this course, attendees will understand the principles of

design and will be competent to undertake designs. As part of the design process attendees will

be given a demonstration of undertaking the hydraulic design, using software that can be used to

predict effects on other components within the management train. The long-term performance and

the cost benefits of CBPP will also be discussed.
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welcome...

It has been another busy start to the
year for us at Interpave, with a raft of
government initiated ‘guides’ for us to
comment on and react to, as well as
our own projects to get on with.  

Inevitably, sustainability is very much
in the news and we continue to
highlight the important contribution
that permeable paving can make.
Although unlikely to recognise the
benefits of permeable paving in use,
we hope that the eagerly awaited
Green Guide to Specification will clear
up some of the myths about the
material that goes into making precast

concrete paving. But in the meantime,
we felt it important to air the issue
with an expert opinion on concrete and
sustainability (see page 14).

The brand new Manual for Streets has
also just been published which throws
down the gauntlet to all those involved
with creating today’s residential
environments. This is discussed in
more detail on page 9, but we
generally welcome the approach taken
and its aspirations. We just hope that
all planning and highway authorities
follow Oxfordshire’s example (see 
page 6) and embrace the Manual with

a thoroughly collaborative and
innovative approach.

Meanwhile, the Interpave information
resource continues to grow and
develop on www.paving.org.uk. But we
do need your feedback on a range of
issues, particularly via the Permeable
Pavements Forum, as well as for the
contents of future issues of Pave-It. 
So, please do get in touch.

John Howe
General Manager of Interpave
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more winning ways

Following the announcement of the
Wales Millennium Centre, Cardiff, as
winner of the 2007 Interpave
Award (see Pave-It November
2006), the project’s paving
contractor – Interlay member QE
Paving – has been given a Special
Award by Interpave. Interlay Chairman Dale McRobbie (left) is
seen here accepting the Award on behalf of QE Paving from
Interpave’s John Howe.

Interlay’s 2006 ‘Job of the Year’ has
also been announced, with
Dreamscape Paving and
Landscaping this year’s winners.
Interlay Honorary Member Jim
Henbest (right) representing
Dreamscape is seen here accepting
the Award from Interlay’s Secretary
Colin Nessfield.

another welcome – to new Interpave Associate Member Instarmac Group plc which
specialises in the formulation, manufacture and distribution of specialist cement, concrete,
resin and bitumen based products in the UK and abroad. The company provides a range of
materials and systems for the Highways, Maintenance, Civil Engineering, Rail and Construction
Industries. These are developed through continuous investment in research and development
and consultations with Local Authorities, Specifiers, Architects, Civil Engineers and Contractors.
Instarmac has many accreditations and awards for Industry Quality and Environmental
Standards from recognised Boards and British Standard Institutes, including the British Board
of Agrément, ISO: 9001:2000, ISO 14001, BBA
HAPAS, etc. The Instarmac Group is one star Best
Company accredited and an Investor in People.

to the ninth issue of Pave-It

definitive permeable
paving guide
As predicted in the last issue of 
Pave-It, a fully updated, new 
Edition 4 of Interpave’s Guide to 
the Design, Construction and
Maintenance of Concrete Block
Permeable Pavements is now
available on www.paving.org.uk

...and definitive 
SUDS guide
Interpave has also been an important
contributor to The SUDS Manual:
C697, recently published by CIRIA.
Running to over 600 pages, the new
Manual is the result of 2 years work
and offers the latest, definitive, 
all-encompassing design guidance on
Sustainable Drainage Systems. The
section on permeable pavements
corresponds with Interpave’s own

Design and
Construction
Information
document, 
Edition 4. More
information on
www.ciria.org

www.paving.org.uk

news >> >>
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Mechanised block laying techniques enabled tight deadlines
to be comfortably met at the National Exhibition Centre
during recent car park refurbishment. Some 57,000m2 of
parking was transformed from an uneven, loose aggregate to
a high quality, consistent concrete block surface during a
challenging 12-week construction slot. Up to four block laying
machines were in use at any one time achieving some of the
fastest installation rates ever achieved in the UK, with up to
2,000m2 of 80mm thick blocks being installed per day.
Coordination and mechanisation of all the construction
processes – not just block laying – proved essential for such
impressive performance to be achieved. 

In contrast, mechanised
block laying is also being
used on quite small
projects. For example, in
Brightlingsea an Interlay
member installed different
sizes of traditional style
blocks in a staggered
pattern automatically
created by the laying
machine. 

The final versions of the Code for Sustainable Homes and 
its Technical Guide were recently published, following a
consultation process which Interpave was involved with.
Whilst there is much to be applauded here, there are a
number of missed opportunities. 

Firstly, the essential capability of permeable paving to
substantially remove pollutants from rainwater runoff is not
acknowledged – even though this is covered in the latest
Planning Policy Statement 23. It could also be argued that
the importance of SUDS is not reflected with so few ‘credits’. 

But the Code also misses permeable paving as a rainwater
harvesting technique – both for reuse within buildings (as
detailed on page 12) and for irrigation. There are similar
omissions with the March 2007 NHBC review Conserving
energy and water, and minimising waste, which aims to
provide guidance for housebuilders. This review also presents
adoption as a major problem for permeable paving and
SUDS, despite the more positive approach being taken by
local government (for example in Oxfordshire, see page 6)
strongly supported by national planning policy statements. 

On a small commercial project in Dagenham, 60mm thick
paving blocks were machine laid by another Interlay member
in herringbone pattern parallel to the road edge to minimise
cutting. This diversity of projects – both large and small,
using different block sizes and designs – is a clear
demonstration of the growing popularity of mechanised
techniques. More information on machine laid concrete block
paving can be found on www.paving.org.uk.

drive for safer cutting

Interpave has been contributing to a current Health and
Safety Executive project to produce updated guidance on
minimising dust when cutting concrete products. Speedy Hire
has launched its biggest ever health and safety campaign to
educate site operatives about the dangers of inhaling 
work related dust and help construction companies to tackle
the issue. 

Speedy Hire is training 600 of its staff on this issue and
raising awareness through its 320-strong branch network with

free communication
materials such as posters
and pocket guides, as well
as by providing ‘toolbox
talks’.

To find out more, use the
Hard Landscape Training Group website –
www.hardlandscapetraininggroup.co.uk or call at your local
Speedy Hire centre.

little and large

sustainable homes

drive for responsible rainwater management

For domestic applications, straightforward 
design guidance has just been published on
www.paving.org.uk to help homeowners, garden
designers and contractors install paths, patios and
driveways using ‘sustainable drainage’ principles. 
This new guidance can also help to allay concerns 
of some local authorities about the effects of paving-
over front gardens for car parking. See page 11 for
Interlay’s review of the new guidance.
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making permeable
paving mainstream

Our interest in SUDS goes back some
10 years when the Director of Technical
Services at the time encouraged us to
try new materials, drainage systems
and methods of construction. This
quickly led to us promoting a
development in the flood plain (the
Henry Box International Demonstration
Site) where a different way of draining
the site and using materials and
products won a Demonstration Award
from ‘Constructing Excellence’ for its
innovation. This Award encouraged us
to try more new solutions and be open
to try different ways of using them. 

But behind this enthusiasm went the
requirement that what we agreed
would have to be adoptable and must
not put a burden on the maintenance
budget once it was adopted. 

Adoption of drainage systems under
Section 38 of the 1980 Highways Act
has always appeared to be a problem,
but it allows a Highway Authority, by
agreement, to undertake the
maintenance of a road in perpetuity
after it is adopted. The Act does not
set out any technical requirements for
the construction of the road. It is
custom and practice for the
specification to be that which is

Oxfordshire County Council
has been leading the way
with a positive and pragmatic
approach to adopting streets
and other areas using
concrete block permeable
paving. Barry West and
Gordon Hunt explain. 

the authority making the agreement
thinks fit. In 99% of cases the cost of
construction of the roads is met by the
developers as part of their scheme. So
this leaves just the question of
maintenance. 

We hear the cry that this clause should
not be used following a Lancashire
case where counsel’s opinion cast
doubt on its use. We in Oxfordshire
have replied to developers who put
this to us that the authority does not
charge for the future general
maintenance of a Section 38
Agreement road such as sweeping,

currently being used by the Highway
Authority. Also, the Act does not limit
the areas to be adopted. This is 
again down to the Highway Authority,
and how it will affect maintenance
budgets. 

COMMUTED SUMS
Section 38(6) does set out that the
Highway Authority can write into the
agreement such provisions to cover the
expenses of the construction,
maintenance or improvement of any
highway to which the agreement
relates, and other relevant matters as

Barry West has long and
varied experience in local
government encompassing
architectural, drainage and
engineering departments,
before joining Oxfordshire
County Council in 1991 as

Section 38 Manger and Adoptions Officer.
He has always been keen to promote
progressive layouts and drainage systems.

Gordon Hunt joined
Oxfordshire County Council
in 1969 straight from
school as a junior
technician. He now
manages the Drainage

Team, which undertakes a capital program
trying to cope with increased flooding
within the County as well as approving
drainage designs for new developments –
and actively encouraging SUDS.

street adoption issues
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The latest raft of government planning policy statements places a clear duty

on local planning authorities to encourage the use of SUDS techniques – such

as concrete block permeable pavements – on all developments. But, at the

same time, these techniques are considered as ‘special constructions’,

requiring careful design and additional maintenance throughout their service

lives – often generating resistance from highway authorities to adopt them. In

Oxfordshire, we have chosen to embrace this technology and make it work

over the long term.

repair, lighting or drainage, but only
apply a ‘commuted sum’ where special
materials (such as permeable
pavements) or furniture are used that
require a higher grade of maintenance
above what is normal, so that the
highway fits the environment of the
road and the area that surrounds it.

It should be remembered that in using
permeable pavements roads can be
laid flat, which helps in a number of
ways. Excavation and filling to provide
falls can he eliminated along with the
need for gullies and the associated
pipe work, drains, plus manholes. 
This will provide a cost saving for the
developer. It will also help with
Disability Discrimination Act
requirements and the new ‘Manual 
for Streets’ audits on access. 

SENSIBLE MAINTENANCE
A lot of work on SUDS in the County is
accepted in general, based on our
reputations and thoroughness in

checking – and, of course, we would
put things right should the scheme fail
or flood. To date, and despite localised
flooding, permeable pavement sites in
the County have not caused any
problems. In the case of block paving
we have followed the advice of
manufacturers that areas should be
vacuum swept twice a year and we
weed kill once a year. The areas can be
treated in early spring with a slow
release fertiliser to promote the
population of microbes living in the
bedding layer that help clean the
surface water of normal contaminates.
So, the commuted sum we apply for
concrete block permeable pavements is
based on the following:

• two visits per year for 25 years by a
suction sweeper.

• weed killing once a year, again for
25 years.

An early Oxfordshire permeable pavement project performing well after 6 years despite being near a river and only half a
metre above the water table.

This has worked out at £8,000 per
development with 1-3 small estate
roads. If there are more roads, the cost
will increase on a pro-rata basis. We
realise that this may seem unfair to
small developers and we may look at
‘banding’ when a sufficient fund has
built up. The money is ring fenced and
the maintenance is run by the drainage
officer and his team. Following
adoption the on-going maintenance of
the highway falls to the maintenance
engineers who are always working to
tight budgets. It is therefore essential
that the specification and detailing of
the pavement does not lead to extra
long-term costs or outlays. As with all
things, the devil is in the detail.     >>

street adoption issues
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Over the years of constructing and now
adopting permeable paved roads we
have refined our requirements,
particularly with design parameters,
detailing and statutory services. For
example, any soakage test needs to be
at the approximate depth of
construction and 1m wide by
approximately 2m long. It needs to be
filled quickly from a tanker to within
150mm from the surface and timed until
it discharges. One or two tests should
be carried out over the length of road
(and more, if required). Now that we are
experiencing extremes in the weather we

have found soakage rates can differ
substantially between summer and
winter tests, so extra care in agreeing
soakage rates should be taken. The
soakage will determine whether you will
need to construct dams under the road
to slow the flow down, if an overflow is
required or an escape route provided
for any build-up of surface water in
cloud burst situations, required by
Planning Policy Statement 25 and good
practice. Robust, square or rectangular
iron work is required, as well as barriers
or membranes to stop the passage of
water from the permeable pavements to

adjacent sub-surfaces, such as building
foundations or impermeable roads.

MANAGING SERVICES
Service runs can be a major issue and
routes for statutory undertakers plant
outside the permeable pavement
should form part of the initial design.
Then, crossing points in non-porous
construction should be incorporated to
allow for the services to cross the
permeable pavement to buildings
during the build or in future. The
crossings are demarcated – and can
form a distinctive part of the overall
paving design, perhaps as pedestrian
crossing points – and pipe work
included to allow water to flow
between the areas of permeable
paving. On adoption, ‘as constructed
drawings’ are required to identify the
crossing points, overflows and other
features. The road has to be identified
as a ‘road of special engineering
importance’ so that maintenance staff
can advise statutory undertakers and
the like on where and how to carry out
works within the road.

As to the future, we see SUDS and
permeable pavements as the way
ahead and shall insist on them for
more and more projects. We hope that
paving block manufacturers will
respond with a greater diversity of
product designs to encourage planners
and designers to make wider use of
them as well.

“We see SUDS and permeable pavements as the way ahead
and shall insist on them for more and more projects.”

All services on this project run in verges or paving

to the road sides then cross within distinctive

impermeable block paving areas within the

permeable pavement.

street adoption issues
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Intended as guidelines for all those involved
in any aspect of designing streets, MfS
replaces the 30-year old Design Bulletin 32
and focuses on residential and other lightly
trafficked streets. Its central aim is to create
attractive, safe and well-designed residential
environments. It sets out a ‘manifesto for
better design, streets and communities’ – not
detailed design guidance – and local
authorities are strongly recommended to
review their standards and guidance to
embrace the principles of MfS.

The guidelines prioritise pedestrians over
cars, with more emphasis on urban design
than traffic engineering. There is a clear
move away from the previous traffic
engineering based hierarchy of roads. There
is also a trend towards using narrower roads
to slow traffic, although speed is certainly
not the only determining factor on road
width in MfS. Streets are now regarded as
places for people and the heart of
neighbourhoods, not arteries for the flow of
vehicles. MfS promotes a traditional grid of
streets defined by buildings to give a
‘permeable’ network, particularly for
pedestrians and cyclists. There is also a
general assumption that neighbourhoods will
be made up of ‘public fronts and private
backs’ to homes.

MATERIAL IMPROVEMENTS
Although it does not look closely at materials
and detailing, MfS expects local authorities
to be ‘encouraging innovation with a flexible
approach to the use of locally distinctive,
durable and maintainable materials’. It
acknowledges that the choice of surface
materials has a large part to play in
achieving a real sense of place, suggesting
that highway authorities and planners might
develop a limited palette of materials within
design codes or other local design guidance
to simplify maintenance and adoption issues,
as well as give local character. Interpave
members continue to develop a wide range
of diverse paving products to inspire
designers in their response to local planning
requirements, as demonstrated in Liverpool
(see page 13) and other cities (see Pave-It
November 2006, pages 7 and 9). 

SAFE SURFACES
Despite a change in emphasis towards
design quality, safety remains an important
issue in MfS. Surfaces need to be regular
and free from trip hazards, so irregular
surfaces such as stone cobbles are unlikely
to be appropriate. Some detailed guidance
for junctions and pedestrian crossing points
is included, notably addressing issues of
accessibility. As reported in Pave-It November
2006, work is going on – with guidance to
follow – on the implications of shared
surfaces (particularly removal of stepped
kerbs) for blind people, while other research
is due to be published in 2007 on
accessibility for disabled people using Home
Zones. Interpave members are ready to
respond to the proposed guidelines with
product solutions. One area unchanged by
MfS is ‘tactile paving’, which will still be
needed, with or without kerbs, in accordance
with current adopted guidelines.

MfS also highlights its own research
demonstrating that block paving significantly
reduces speed compared with asphalt,
particularly on shared surfaces. Parking is
also considered at length in the guidelines
and the use of changes in material
recommended to clearly identify parking
areas without the need for excessive signage
or road markings. Indeed the MfS approach
is generally to clear away this visual ‘clutter’,
using instead other design features, such as
variation in surface materials, colour or
texture – easily achieved with the diversity 
of precast concrete paving available – to 
help make the environment self-explanatory
to all users.

WAYS WITH WATER
Sustainable Drainage Systems (SUDS) – and
permeable paving – are encouraged by MfS
for use wherever practicable and seen as one
of the key features to be addressed in
master-planning, as well as in local design
codes. In line with planning policy
statements and other government guides,
MfS considers that a drainage report should
be submitted with outline planning
applications so that SUDS are considered at
the earliest stages of a development. Also,

statutory services should be laid in ‘corridors’
within residential developments, which helps
the long-term effectiveness and ease of
adoption of permeable paved streets, as
discussed on pages 6-8. Highway authorities
are encouraged to take a more flexible
approach to adoption – although some, such
as Oxfordshire CC, are already implementing
this principle. As other commentators have
done in the past, MfS raises concerns about
conversion of front gardens to impermeable
parking areas, although Interpave has
addressed this issue with design guidance
for sustainable solutions, available on the
website www.paving.org.uk.

NEW WAYS OF WORKING
One of the major impacts of MfS is its call
for all involved in the design and
development process to take a fresh
approach. Design responsibility is now back
at local level and highway engineers cannot
just read off solutions from tables. Neither
the complex set of legislation and guidance
acknowledged as surrounding street design
nor an over-cautious approach to liability
should inhibit a flexible approach. Central to
the MfS philosophy is joint, collaborative
working and an early involvement of all
stakeholders, including local communities
and adoption officers – just as described in
the previous article (see pages 6-8) – is
essential.  

In terms of procedure, there should be
design and access statements for all
schemes, with master-plans and design
codes for major projects and larger areas, to
ensure coherence and local character. MfS
also calls for the involvement of creative
architects and urban designers. However, a
word of caution was sounded in a recent
report carried out for the Joseph Rowntree
Foundation which raises concerns about ‘over
design’ of the urban public environment,
calling for less focus on iconic spaces and
more care with the everyday areas regularly
used by people. 

Without doubt, the Manual for Streets heralds
exciting opportunities to create distinctive,
‘liveable’ and safe residential environments.
Now, we all need to respond with flexibility as
well as enthusiasm to make it work.

manual 
for streets

urban design

Launched at the end of March, the new Manual for Streets (MfS) should have a major
impact on residential areas and the way that they are designed. Interpave was involved
in the MfS consultation process and looks at some of the implications.
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Some 400 delegates from 23 countries
gathered for the 8th International
Conference on Concrete Block Paving in
San Francisco last November to hear a
wide diversity of presentations. David
Smith reports on the papers presented
at this important event based around
the theme ‘Sustainable Paving for Our
Future’.

The first day of presentations included 29
papers on concrete block permeable
pavements (CBPP). These included Bruce
Ferguson, American author of the book
Porous Pavements as well as German, Dutch
and Belgian speakers. Canadian and Dutch
laboratory research demonstrated the range
of wheel loads that CBPP bases can
withstand. Case studies on an Irish
shopping centre by Craig McBride and an
aircraft fire training ground designed by
Professor John Knapton demonstrated the
ability of CBPP to reduce runoff and treat
pollutants. 

PERMEABLE PAVEMENT
UPDATES
Noted expert Dr Sönke Borgwart from
Germany provided an excellent overview of
the long-term infiltration performance of
CBPP from some 15 years of study and
documentation. His presentation noted that
permeable pavements start with very high
surface infiltration rates and these decrease
and level off to rates that can still easily
accommodate heavy rainstorm intensities.
Several Japanese authors brought forth
innovative designs and measurement

recycled tyres embedded on block surfaces
to increase durability and snow traction
from Japan. Mechanical installation was
highlighted with the latest equipment used
in the Netherlands, while UK contractors
Mark Bushell and Terry Pointer presented
ways to improve mechanical installation
techniques. 

Two sessions on industrial, port and airport
pavements showcased heavy-duty paving
projects in the USA, Ghana, Israel, The
Netherlands, UK and China where Claudia
Kang featured the largest airport project
with block paving, Hong Kong International
Airport (500,000m2) as well as container
handling areas which will total 2,600,000m2

at the Port of Yantian, China. Flexibility in
container layout at the largest single paver
installation in North America, the Port of
Oakland, California (470,000m2) was also
discussed. The head of all airfields in the
British Ministry of Defence, John Cook, gave
a positive overview of use of pavers in
military airfields in the UK. 

METAPHORICAL PAVING
PATTERNS
The final session featured papers from
Colombia, The Netherlands and the United
States on the ability of concrete block
pavements to sustain and enhance local
cultures and social structures. From
Colombia, two papers described how the
visual power of concrete pavers transformed
a mixed-use neighbourhood and campus
parking lot. These presentations testified to
the transformative nature of concrete block
pavements in urban redevelopment projects.
One of my own papers closed the session
with a metaphorical explanation of ‘pattern
language,’ or ways paver patterns
communicate various messages to users.  

Limited copies of the conference
proceedings are available on CD, please
email icpi@icpi.org. For access to papers
from this and previous Conferences, visit
www.sept.org. The 9th International
Conference on Concrete Block Paving will be
held in Buenos Aires, from October 18-21,
2009. Visit http://www.aabh.org.ar for more
information.

conference news

www.paving.org.uk

protocols for increasing the water holding
capacity in CBPP which can also increase
the summer cooling effects of evaporation
to reduce the urban heat island. There was
also an intriguing paper about ongoing
research in Antwerp, Belgium on air
pollution reducing paving blocks using a
titanium dioxide surface.  

Presenters from Germany, the Netherlands
and India presented structural design
theories and several put them in practice
with field testing. A session on durability
and lifecycle costs pointed to key aspects of
concrete mix design to resist freeze-thaw
damage. Papers on lifecycle costs by
Interpave’s John Howe and Dr Brian Shackel
from Australia gave support to the durability
and long-term performance of CBPP and
concrete block paving generally. Mr Howe’s
paper focused on various CBPP applications
and compared them to concrete and 
asphalt costs over a 40-year design life. 
Dr Shackel’s paper was a testimony to the 
21-year performance of Australia’s longest
(2.2 km) and oldest block paving road.  
A brief but information-rich session on
educational tools outlined a contractor-
training program via a trade school in
Australia and the ICPI curriculum training
program for civil engineering professors. 

THE LATEST ON MECHANICAL
INSTALLATION
Delegates received updates on UK and
Canadian product standards as well as a
national structural design standard for
concrete block pavements for Canada and

USA. South African, US and Canadian
presenters provided some compelling
reasons for using concrete block
paving for streets, including long-term
cost saving in asphalt repaving by the
Californian City of Ripon now that
concrete paver streets are required in
all new housing developments.
Interesting innovations were presented
on production mould application and
maintenance, innovative paving block
designs from the UK and the US,
reflective pavers with glass bead
surfaces and the experimental use of

David R Smith is Technical Director of the Interlocking Concrete
Pavement Institute representing over 800 producer, contractor and
supplier member companies throughout the USA and Canada. Working
in the segmental concrete pavement industry since 1987, he has written
and lectured extensively in North America and overseas. He was
instrumental in organising the 8th International Conference and is
Secretary/Treasurer of the Small Element Paving Technologists, the
group responsible for perpetuating these international conferences.

international perspectives
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the interlay page

www.interlay.org.uk

We all need to start thinking about the
effects of global warming on our
environment and one serious issue is
how we dispose of the rainwater falling
on our homes and gardens. Interlay
Chairman Dale McRobbie shows how
Interlay members, designers and
contractors can help homeowners with
responsible paving techniques around
the home using new Interpave
guidance.

In recent years the rainwater runoff from
streets and car parks, as well as roofs and
drives, has increased and this causes
flooding of the rivers and streams when
there are heavy storms – and they are
becoming more frequent with global
warming. In addition, the surface of roads,
car parks and driveways collect pollution
which is washed into rivers and streams – 
a growing problem for the environment.
Sealing up gardens with hard surfaces also
stops rainfall soaking into the ground so
that water table levels drop. It also causes
damage to nearby trees as they are
deprived of water and could affect building
foundations, particularly on clay soils. 

SLOW DOWN AND CLEAN UP
All these problems are made worse when
hard surfacing replaces permeable gardens,
perhaps for a parking space or patio, with
water running straight into the sewers – and
local authorities could well take action to
prevent this in future. We can all take a
more sustainable approach when planning
new drives, patios or other paving around
homes, or replacing existing paving. Not
only do we need to reduce and slow down
the water we put into drains and sewers
but also clean it up and think of ways of
reusing water on site instead.

To help with this, Interpave has launched a
new on-line guide – Responsible rainwater
management around the home using precast
concrete paving – to enable safe access to
homes and some off-street parking where
needed, while incorporating sustainable
drainage measures. The guide was
developed in response to growing concerns
about the loss of traditional planted front
gardens to paved-over driveways. The
guide’s approach aims to avoid putting
rainwater into drains wherever possible and
ideally puts the water to good use instead,

such as plant watering. But if putting the
water into the drains cannot be avoided,
then at least it is slowed down to avoid
flooding and cleaned up to cut pollution. 
It can also help alleviate concerns of local
authorities and others about adding car
spaces to front gardens, by improving the
environment with appropriate planting
combined with attractive concrete block or
slab paving for safe accessibility. 

CHOICE OF SOLUTIONS
The Interpave guide provides engineered
solutions explained in a straightforward way
and should be consulted
when designing paving
around the home. 

There are two basic systems
– with variations – proposed
in the Interpave guidance.
Rather than include gullies
and piped drainage to
sewers, conventional block
and flag paving can be sloped so that water
runs onto the garden. Here a depression –
or ‘rain garden’ is formed to allow the water
enough time to soak into the ground.
Variations of rain gardens can have stone
filled trenches below the depression where
demanded by ground conditions, perhaps
with drains to collect the water for irrigation
or connection to sewers. The rain garden
can be planted with a wide range of
appropriate varieties or decorative stones
laid over the surface. The guidance includes
a comprehensive planting list supplied by
the British Association of Landscape
Industries (BALI). The second technique –
concrete block permeable paving – will be
well-known to regular Pave-It readers but
the Interpave document gives simplified
design guidance suitable for domestic
paving. 

Interpave’s comprehensive guide
Responsible rainwater management around
the home using precast concrete paving is
available free of charge via the website
www.paving.org.uk. A brand new
introductory brochure – Paving for Rain – 
is also available from Interpave.

THE ASSOCIATION OF
BLOCK PAVING CONTRACTORSDale McRobbie,

Chairman of Interlay

Raingardens (left) and
permeable pavements (right)
can be designed to allow water
to simply filter through to the
ground (top)

or to be contained
for harvesting or
discharge elsewhere
via pipes (bottom)

responsible paving
‘This approach aims to avoid putting

rainwater into drains wherever possible 
and ideally puts the water to good use

instead, such as plant watering’
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rainharvesting
with permeable
paving
The Hazeley School in Milton Keynes – featured in an earlier issue of Pave-It
(May 2006, page 8) – used concrete block permeable paving in a number of
innovative ways including controlling the flow of water down a steeply
sloping site, providing clean runoff for wildlife ponds and preventing newts
and other wildlife disappearing down gully pots. The next phase focuses on
permeable paving as a collector and cleaning mechanism for rainharvesting,
described by Bob Bray. 

Robert Bray Associates, in association
with SEL Environmental and
Rainharvesting Systems Ltd., have
developed a rainharvesting model that
uses roof water, playground runoff and
rain falling directly on permeable
paving to provide a low maintenance
rainwater use facility for the new
Hazeley School complex.

The system relies on rainwater
collection from
low pollution
risk surfaces,
including roofs
and playgrounds.
The permeable
pavement
collects direct
rainfall, runoff
from adjacent
hard play
surfaces and
roofwater
(directed onto
the paving from
‘shoes’ on
downpipes, discharging across surface
channels). The collected rainfall passes
through the joints in concrete block
permeable paving, bedded on 6mm grit
and a filter geotextile, directly into a
geocellular storage box. This
polypropylene geocellular box is
enclosed in a second filter geotextile,
with a waterproof polypropylene
geomembrane to the sides and base,
to form an open topped tank. The tank
can overflow at the edges into the
existing SUDS system. This
arrangement filters and treats the
water before it passes into storage or
overflows to the SUDS system. 

IMPORTANT BENEFITS
A pump chamber delivers cleaned
rainwater to a header tank for toilet
flushing in the school buildings. The
system offers a number of cost and
maintenance benefits, as well as an
effective sustainable water resource
management solution. Firstly, the
permeable pavement provides a
collection and surface filter function

replacing the
in-pipe filters
generally
associated with
rainharvesting
that require
regular
maintenance. 
All the
available
rainwater is
collected at
Hazeley,
including the
typical 15%
wastage

experienced with normal rainharvesting
systems, and surplus water overflows
directly to the SUDS system within the
construction. In terms of construction,
the geocellular box system replaces
sub-base voided stone avoiding

separate excavation, spoil removal,
bespoke storage chamber, selected
backfill and significant pipe
connections. And, of course,
maintenance requirements are
minimised.

EXTENSIVE POTENTIAL
A minimum of two SUDS treatment
stages using protected filters within the
pavement structure provide both silt
removal and bioremediation of oils and
other contaminants in the runoff. Water
is stored below ground at relatively
low temperatures, so that risk from
bacterial contamination is reduced,
which is similar to systems used
throughout Europe for this type of
function. This rainharvesting system is
particularly suited to developments
with large rainfall surface collectors,
low risk sources of runoff and a
significant non-potable use of water
following risk assessment – such as
schools (using playgrounds) or
commercial developments (using car
parking). It is hoped that this
installation will act as a template for
the use of concrete block permeable
pavements as passive collectors 
and treatment systems for 
rainharvesting in future.

Robert Bray Associates has been

designing SUDS schemes since

1996, including Motorway Service

Areas such as Oxford and Hopwood

– early EA ‘demonstration sites’,

housing, public parks and schools.

The practice is at the forefront of

innovation and promotion of this

new approach to managing rainfall

on development sites. Bob Bray

has presented conference papers on the subject and

contributed to a number of guidance documents, notably

the new ‘SUDS Manual’ CIRIA 697. 

IMPERMEABLE

UV UNIT

PRE-FILTERS

MAINS BACK-UP

PRESSURE
SWITCH

TOILET
FLUSHINGIMPERMEABLEPERMEABLE PAVEMENT

PUMP CHAMBER
GEOCELLULAR BOX

water harvesting
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on the 
Mersey beat

After decades of economic decline,
Liverpool is making a comeback – with
the help of precast concrete paving
flags.

An extensive programme of work,
based on a masterplan formulated in
2000, is turning around Liverpool’s
poor reputation. The City once scarred
by dereliction and abandoned by
businesses and retailers is now
receiving major investment via an
organisation set up with
representatives from Liverpool City
stakeholders.

Its ambitious mission statement is that:
‘Liverpool city Centre will be

recognised as a physically attractive

magnet for commercial investment,

residential expansion, and

enhancement of leisure & tourist

industries. The interventions will build

upon Liverpool’s heritage, international

brand and world-class cultural assets

to develop its pivotal role in the future

economic growth and prosperity of the

region. The manifestation of the vision

will be an environment of world-class

quality for all that embodies the

beliefs and confidence of its citizens

for today and future generations.’

And the time is right:

• The City’s 800th Birthday – 2007

• European Capital of Culture – 2008

• Designated a World Heritage Site –
The Waterfront Area

• Liverpool FC – European Champions
2005!

Major projects include a £700m retail,
leisure and residential scheme and the
£100m Kings Waterfront featured in the
2006 Interpave Awards (see Pave-It
November 2006, page 9). The famous
Pier Head will see the creation of a
cruise liner docking facility and the
Riverside Area adjacent to the
landmark Liver Building will be
developed – both areas featuring
extensive landscaping works.

To complement these major works,
Liverpool introduced a ‘movement
strategy’ encompassing public
transport, commercial and private
vehicles, bicycles and pedestrians. 
The Liverpool City Centre Movement
Strategy included appointment of a
design facilitator – Liverpool 2020 –

which is a public/private partnership,
scheduled to invest around £35m on
highway and footway works over a five-
year period. Improvements to Tythebarn
Street, illustrated here, form part of this
initiative. ‘Liverpool Paving’ precast
concrete paving flags were especially
developed for the initiative to match
traditional granite paving but at a
substantially lower cost.

urban regeneration
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environmental issues

Much has been written in the past
about concrete block permeable paving
as part of Sustainable Drainage
Systems. But the sustainability
credentials of concrete as a widely
used material generally are also
important. Andrew Frost reveals all –
and dispels some common myths.

I joined The Concrete Centre as its
Sustainability Manager because I truly
believe that concrete is one of the most
sustainable construction products known to
man. People however struggle to define
both sustainability and concrete – so let’s
start with what these really mean.

Sustainability was first defined in 1981 by
Lester Brown, a well-known American
environmentalist. He defined a sustainable
society as “one that is able to satisfy its
needs without diminishing the chances of
future generations”. In 1987 the Bruntland
Commission adapted Brown’s definition to
sustainable development as “meeting the
needs of the present without compromising
the ability of future generations to meet
their needs”.

The UK Government has based its
sustainability agenda, as outlined in
‘Securing the Future’ on five themes:

• Living within environmental limits
• Ensuring a strong, healthy and just society
• Achieving a sustainable economy
• Promoting good governance
• Using sound science responsibly

We must take an holistic approach to each
facet of sustainability – the environment,
the economy and society – and taken
together this ‘triple bottom line’ includes
everything that we need to consider for a
healthy, prosperous and stable life.

DEFINING CONCRETE
Concrete is a man-made inorganic and inert
conglomerate produced by mixing hydraulic
binder (e.g. cement), water, air, fine
aggregate (sand), coarse aggregate (gravel
or crushed stone) with or without
admixtures, reinforcement, fibres or
pigments. The ingredients are proportioned

and engineered to produce a concrete of a
specific strength and durability, so it is ‘fit
for purpose’ for the job for which it is
intended. Concrete is one of the most
versatile and durable construction materials
known to man, making it the most widely
used construction material in the world. In
fact, concrete is second only to water as the
most consumed substance on Earth. It is
ubiquitous in our built environment, being
used in schools, hospitals, homes, offices,
roads, railways, dams etc., and has played a
major role in the shaping of civilisation from
as long ago as 7,000 BC. Its great simplicity
lies in that its constituents are ubiquitous,
commonly occurring and readily available
almost anywhere in the world.

For many people, the terms ‘concrete’ and
‘cement’ are interchangeable. This is not the
case. Cement is the glue that holds the
constituents of concrete together and,
typically, it is in a proportion of 9-14% of
the concrete mix. Through a process called
hydration, the cement and water harden and
bind the aggregates into a rock-like mass.
So, there is no such thing as a cement
drive, or a cement mixer; the proper terms
are concrete drive and concrete mixer.
Cement, commonly referred to as Ordinary
Portland Cement (OPC) or CEMI, is in itself a
complex material that is manufactured by
heating the following:
• Limestone or chalk
• Clay/Shale
• Sand
• Iron ore

This forms a clinker, during which calcium
carbonate (CaCO3) is broken down into
carbon dioxide (CO2) and calcium oxide
(CaO), in a process known as calcination. In
the UK, for each average tonne of PC
equivalent produced by BCA members
companies, approximately 0.82 tonnes of
CO2 are directly released from the
manufacturing process; around 40% of this
derived from the energy and fuel used to
heat the raw materials in the kiln and
subsequently grinding the resulting cement
clinker with gypsum into a fine powder, and
60% from the calcining process.

With concerns over global climate change,
the release of gases with a global warming
potential has become a key concern and a
very common myth about concrete has
developed: that a tonne of concrete
produces a tonne of CO2. So let’s dispel
that myth right now. Although the average
OPC (CEMI) content in today’s concrete
mixes is 9 - 14 %, specific concrete mixes
can contain as little as 3.5%. Recent
research by Arup has found that average
concrete mixes will have an embodied
carbon dioxide (ECO2) that lie between the
extreme values:
0.043 – 0.176t CO2 per tonne concrete 

These ‘cradle to gate’ figures exclude
something called the ‘carbonation’ of
concrete. During the life of a concrete
element, it actually reabsorbs approximately
20% of the CO2 generated in the
manufacturing process, at least partially
mitigating what is released in the
production of cement.

The cement industry has been making
significant investments to reduce its energy
consumption and direct CO2 emissions
achieving, between 1990 and 2005, a 
25 percent improvement in energy efficiency
and a 28 percent reduction in CO2
emissions against a 1990 baseline. This
represents a saving of over 3.7 million
tonnes of CO2. Both the cement and
concrete industries in the UK have placed
sustainability at the heart of their
operations and are actively taking measures
to minimise the carbon footprint of their
products by utilising concrete’s inherent
inertness and applying industrial ecology.

Diagrammatic representation of the Key Constituents of Concrete

concrete and
sustainability

Andrew Frost joined The
Concrete Centre as
Sustainability Manager in
2005. He is an
environmental scientist and
hydrogeologist, involved in a
diverse range of projects

ranging from Environmental Impact
Assessments, contaminated land reclamation
and bioremediation, to the development of
hydrological modelling techniques and
investigations into pollutant flows in
fractured aquifers using Electrical Resistivity
Tomography. In 2003 he was awarded the
John Connell Memorial Prize by the Institute
of Environmental Sciences for his
contribution to hydrological research. 
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INDUSTRIAL ECOLOGY
The science of industrial ecology emerged in
the late 1980s and refers to the study of the
physical, chemical and biological
interactions and interrelationships within
and among industrial and ecological
systems. Applications of industrial ecology
involve identifying and implementing
strategies for industrial systems to more
closely emulate harmonious and sustainable
ecological systems. Industrial ecology can
be considered a comprehensive approach to
implementing sustainable, industrial
behaviour.

A main drive of the cement industry is the
use of alternative fuels derived from waste
products. In this process it is actively
recovering the energy from wastes by
increasing the use of non-fossil fuels such
as used tyres, unrecoverable waste solvents,
domestic refuse, unrecyclable paper and
plastics, sewage pellet, and meat and bone
meal. Using these secondary fuels not only
reduces the UK’s CO2 emissions, it helps to
preserve our finite reserves of fossil fuels
and reduces the demand on landfill sites
and minimises disposal by incineration,
where the energy produced would not
actively be recovered. Used tyres, for
example, are an ideal secondary fuel as
they have a calorific value similar to coal,
contain steel which reduces the amount of
iron oxide needed and lowers the industry’s
emissions of SOx and NOx. This process of
‘industrial ecology’ enables a single cement
kiln to recover energy from 1 million used
tyres every year.

Aggregates, including sand, gravel and
crushed rock, account for approximately 80
percent of a typical concrete mix. Here the
concrete industry is also utilising industrial
ecology by actively recycling concrete in
order to reduce the use of these natural
resources. Concrete is 100 percent recyclable
and concrete from a demolished building or
infrastructure can be crushed and recycled
as aggregate for new construction. 
The industry also uses industrial ecology to
preserve primary land and marine-won

aggregates by utilising secondary
aggregates from other sources such as china
clay production. This again helps reduce the
sector’s demand on primary aggregates and
minimises the waste from other industries
that would historically have gone to landfill.

Another example of industrial ecology is the
use of fly ash, a by-product from electricity
generation sourced from power stations,
and ground granulated blast furnace slag
(ggbs), a by-product from iron and steel
production, to replace up to 80% of OPC
(CEMI) in a concrete mix. Fly ash would
either be used in concrete as a hydraulic
binder or disposed of in landfill. Currently in
the UK, annual production of fly ash is
approximately 6,000,000 tonnes, of which
3,000,000 tonnes is disposed per year.
Stockpiled fly ash is estimated to be in the
region of 53,000,000 tonnes attainable
without too much difficulty. The total
quantity of historical fly ash that may be
available to future generations is
120,000,000 tonnes.

CONCRETE IN THE UK
The UK is almost completely self-sufficient
in the materials needed for the manufacture
of concrete. A key principle of sustainability
is that a product should be consumed as
near to the place of its production as
possible to:

• minimise the need for transport and the
associated environmental, economic and
social impacts of transportation.

• support the local economy and hence
local society.

• prevent the export of the associated
environmental impacts of production to
another location with less stringent
environmental and social protection
legislation.

The UK concrete sector roughly comprises
1300 aggregate sites, 1100 ready-mix
concrete sites, 850 precast concrete sites,
15 cement plants and 700 SSSIs originating
from mineral workings. 
The concrete sector is a vital component of
the UK economy, directly employing over

40,000 people, in turn supporting the
construction industry that employs
approximately 7% of the UK population and
accounts for approximately 10% of the UK’s
Gross Domestic Product (GDP).

So, it is worth remembering that concrete’s
unique physical properties produce a
construction product that is:

• durable – being inorganic it will not rot or
burn or need treating with chemicals to
give it these properties

• inert – it can maximise industrial ecology
and does not release harmful substances
such as volatile organic compounds
(VOCs) 

• flexible – it can be engineered to different
properties and can mimic more rare
mineral deposits, protecting those finite
reserves, e.g. limestone pavements

• long-lasting – it will last well over 
60 years, indeed some Roman concrete is
still in existence!

• local – produced in the UK under strict
environmental and social legislation

And, of course,
it’s an essential
component of
concrete block
permeable
pavements
which will have
a major impact
on sustainable
water
management
over the coming
years.

For more information on sustainability 
and concrete and to download a copy of
‘Sustainable Concrete’ please visit
www.concretecentre.com and
www.sustainableconcrete.org.uk. 
For more information on cement and to
download a copy of ‘Working Towards
Sustainability’ and ‘Performance’ please
visit www.cementindustry.co.uk. The author
would like to extend his thanks to the BCA
and UKQAA for providing data and comment
on this article.
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