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What you can do next:    





We remember great civilisations such as the Romans, Egyptians
and Maya — all were able to develop building techniques and
systems to support life. Today, civilisation relies more than ever 
on teams of inventive people to design, build and
maintain the sophisticated environment that surrounds us.

Infrastructure is the thing that supports our daily life — roads and harbours, railways and airports, hospitals,
sports stadia and schools, access to drinking water and shelter from the weather. Infrastructure adds to 
our quality of life, and because it works, we take it for granted. Only when parts of it fail, or are taken away,
do we realise its value. This booklet looks at the amazing ways civil engineers overcome the
challenges of creating and maintaining our infrastructure for us, and for future generations.

 



How can we...
support life? 
We can’t live without water. However, 1 billion of the world’s 6.5 billion people have no
direct access to drinking water and millions die each year because of poor sanitation and
drought. Pollution and climate change, changes in population, and the destruction caused by wars or
natural disasters like the Asian tsunami, threaten supplies of fresh water worldwide. Less than 1%
of the world’s fresh water is available for people to use, but even this tiny percentage is
enough for all of us if it is managed. As well as needing fresh drinking water, our health depends on
wastewater being treated properly.



support life

Photography: Frimmel Smith, courtesy of PlayPumps International

PlayPumps

In rural areas of many developing countries women and children carry heavy loads of water over long distances. Often the only access to fresh
water is from boreholes operated by inefficient hand-pumps because fossil fuels and electricity are too expensive. Using widely available
windmill components engineers have reduced the effort of water collection by converting pumps into a children’s roundabout. Using their play
as power ground water is pumped from boreholes into 2,500 litre elevated storage tanks.

The roundabout’s rotational movement is converted into 
a vertical movement by a simple, economical driving
mechanism that pumps around four litres of water per
revolution, or around 1,400 litres of water per hour, from 
a depth of 40m. The pump is effective to a depth of 100m.

The pumps are erected on 6m high stands located in prominent positions
near schools. They incorporate public service messages and advertising
space to generate income that guarantees at least ten years of
maintenance and gives local people access to fresh water.

Find out more at www.playpumps.org



Chingford South Water Treatment Works

Population growth and increased demand in North East London mean that an additional 
58 megalitres of clean drinking water, the equivalent of 23 Olympic-sized swimming pools, 
is needed at peak periods to prevent half a million people from running out of water.

Chingford Works uses civil engineering expertise to provide a fast track solution to the problem.
The engineers’ innovative approach to design and construction outperformed conventional building
methods by 25%, allowing the project to be completed in just 51 weeks rather than 80 weeks – this
involved offsite manufacture of many of the building’s components.

The Water Treatment Works is located in a challenging 1.5 hectare site, about the size of two football
pitches, between the River Lee diversion channel, the embankment of the William Girling Reservoir,
a pumping station, a main road and just 2m from a major water main. It also sits on a natural flood
plain within a Site of Special Scientific Interest. This called for environmental initiatives including the
creation of ‘green roofs’, composed of living plants and animals, to attract rare birds including the 
Black Redstart.

Find out more at www.bciawards.org.uk



Key facts

The project cost £42 million and took less than 12 months
to complete.

335 tonnes of steel, 1,550 tonnes of
reinforcing bar and 9,000m3 of concrete
were used.

50% of the 15,000m3 of material excavated from the site
was re-used.

It treats 58 megalitres of treated water each day, greater
than the capacity of an oil tanker, including 40 megalitres
of surface water and 18 megalitres of groundwater.

support life



How can we...
protect our habitats?
We may have solved the problem of providing safe drinking water but is our habitat safe? 
Coastal areas can be threatened by being worn away by the sea or floods, and inland sites may be
contaminated by previous industrial activities or threatened by subsidence (an area of land gradually
sinking or caving in). Extreme heat and cold, winds, earthquakes and risk of flooding
cause problems, but civil engineers are using their skills to make areas safer.



Photography: Khalili/Cal-Earth

Tsunami shelter

‘Superadobe’ is a beehive-like building developed for future communities on the
Moon. It has been adapted to create affordable emergency housing for survivors 
of disasters like the Asian tsunami.

The Superadobe buildings are built by filling empty sacks with dirt and 
piling them in coils. Strands of barbed wire then act like Velcro to provide 
earthquake-proof stability. Simple skills and materials can be used to create
safe shelters quickly. These can be made permanent by adding waterproofing
and plaster. The cost of a single Superadobe home is around £20. 

Find out more at 
www.alertnet.org/thefacts/reliefresources/110495007056.htm

protect our habitats



Burj Al Arab, Dubai  

Burj Al Arab, the world’s tallest and most luxurious all suite hotel, is an iconic landmark for modern Dubai.
Engineers devised special methods to protect Burj Al Arab (the Arabian Tower) from damage by waves, currents
and winds because of its exposed location on an artificial island in the Gulf of Arabia. The foundations of this
largely concrete structure, with its triangular plan and exposed steel wind-bracing, rest on 250 1.5m diameter
concrete piles that penetrate 45m into the sea floor. Because they are built on sand these foundations rely on
friction for stability. Protection from the sea is provided by innovative hollow concrete armour units with
perforated sloping surfaces that absorb wave impacts without throwing water on to the island.

The building’s simple, memorable shape is created by a double-skinned 1mm thick woven ‘poly tetra fluoro
ethylene-coated’ glass-fibre fabric. The fabric panels accommodate wind pressures and protect the atrium from
over-heating by diffusing sunlight. The selection of materials and structure allows the hotel to stay clean without
maintenance and helps it to resist the effects of its location.

Find out more at  
www.atkinsglobal.com
www.burj-al-arab.com

Photography: Atkins



Key facts

The hotel is 321m high, and the atrium is 
182m high.
The artificial island is 290m offshore, with sides
150m long and surrounded by water 7.5m deep.
Diagonal trusses are the same length as 
a football pitch and weigh the same as
20 double-decker buses.
The hotel lifts are among the world’s fastest, travelling
up to 7m per second.
It has 27 double height floors and 202 suites.

protect our habitats



How can we...
build higher, longer, better?  
We might find safe land on which to build, but how do we make best use of this valuable resource? 

Civil engineers are constantly developing new building techniques, using materials in
entirely new ways. The very best solutions perform extremely well and are also very beautiful.



Photography: Jonathan Pile

Belgrave House

Ingenious engineers saved time, money and resources by demolishing an old seven-storey building in London’s Buckingham Palace Road
and replacing it with a new steel-framed building that re-used the original building’s foundations. This technique reduced construction
risks associated with excavating new foundations in London clay near the Circle and District Underground line. If more new piles
had simply been installed between existing ones this would have restricted the future development of the site.

The weight load of the new building was transferred from the new column positions to the existing piles by transferring
loads using a slab and ground beams that matched new pile positions with existing ones. Great care was taken 
to prevent water produced during drilling from swelling the clay and reducing the strength of the foundations.
Other challenges included testing the structural integrity of the original piles and identifying their exact
location as the original pen and ink drawings only showed the building as designed, not as it was 
actually constructed.

New services also capitalise on the old foundations. A new drainage system that pumps waste
from the building uses both new and existing connections to sewers.

Find out more at  
www.belgravehouse.co.uk

build higher, longer, better



M25 widening

The media predicted that essential engineering work to ease congestion around Heathrow Airport 
would cause chaos along a 23km stretch of the M25 – Europe’s busiest motorway. As well as ensuring
construction work did not create traffic jams engineers also had to find clever ways of widening the 
road within existing highway boundaries and without using any new land. 

By recovering land from central reservations, hard shoulders and verges engineers increased Junctions 
12 to 14 from four lanes to five and Junction 15 from four lanes to six. To optimise available space,
innovative construction techniques were used including designing modular concrete components 
for walls, drains, barriers and gantries. 90% of material used to manufacture the concrete was
recovered from the site and recycled which also reduced congestion from construction lorries.
Major lane closures were scheduled at night when traffic was quiet. This meant that four lanes 
of traffic in each direction could be kept flowing during the day. Work was completed in 2005
ahead of schedule and without the predicted traffic congestion.

Find out more at 
www.bbcel.co.uk

Photography: Highways Agency



Key facts

800 semi-mature oak trees and 168,000 
new plants helped to improve the landscape.

Enhancements to the banks of the River Colne, beneath the
new M25 Spur Bridge, encouraged bats and other mammals. 

The M25 Spur has  five bridges totalling over 500m 
in length.
The project cost £148 million.

build higher, longer, better



How can we...
get from A to B? 
Transport systems join our communities together. Road, rail, air and sea networks span the world. 
They help us trade, travel, exchange ideas and information, and gain employment, healthcare 
and education. 

As more of the world becomes developed, it is vital that we create integrated transport solutions.
These can conserve energy and reduce pollution, congestion and accidents. 
Civil engineers understand the best ways to move around or across our environment, creating the
networks that help take us where we want to go.



get from A to B
Boston Central Artery

Boston Central Artery, described by The Economist as ‘the single largest civil engineering project in American history’, involves the world’s
largest and most complex tunnel jacking project. Called the ‘Big Dig’, the project extended and moved two interstate 
highways underground, reducing congestion and pollution in downtown Boston. Rather than traditional ‘cut and
cover’ construction, civil engineers used a technique called ‘tunnel jacking’ using a system of hydraulic jacks 
to thrust pre-cast concrete tunnel sections into place with a sequential ‘caterpillar-like’ action.

Three interstate highway tunnels over 240m long and weighing 70,000 tonnes were jacked under an operating
railway comprising seven rail tracks carrying over 40,000 commuters and 400 train movements each day, 
without any disruption to services. The soft ground, through which the tunnels were jacked, was stabilised 
by freezing to create 200,000m3 of artificial tundra to make the world’s largest man-made iceberg!

The project delivered environmental and financial benefits for the Boston community and won ten awards.

Find out more at 
www.mottmac.com/projects/?id=9651

Photography: Boston Globe/John Tlumacki/Landov



Oresund Bridge

The 16.4km Oresund Bridge link connects Sweden and Denmark across the Oresund Channel. 

This combined bridge and tunnel project includes the world’s longest cable-stayed bridge carrying both a highway and 
a railway. Its double-deck superstructure has a steel framework supporting a concrete deck that carries a four-lane highway
with two rail lines underneath. The bridge’s three main parts include an elevated section and two approach bridges.
Together they cover approximately half the distance between the Danish and Swedish coastlines. The remaining distance
is covered by a 4,055m artificial island, a 430m artificial peninsula and a 4,050m tunnel.

The Oresund Bridge was only constructed after the most extensive environmental feasibility study ever conducted 
in Sweden to determine and limit its environmental impact. Civil engineers designed Peberholm, the site’s artificial
island, to minimise its impact on water flow and therefore minimise the need for dredging. Dredging was then
scheduled to protect migrating herring, the eelgrass growing season and to allow wild birds to forage for food 
at nearby Saltholm island.

Find out more at 
www.skanska.com/projects



get from A to B

Key facts

Around 21 million people travelled across the bridge 
in 2006.

The bridge is 7,845m long and has a free span of 490m.
The height of the highest pillar is 204m, taller than
Blackpool Tower.

The navigable height clearance is 57m.
The bridge cost around £720 million.
The bridge was opened on 1 July 2000.



How can we...
work together better?
Our built environment is increasingly complicated. Ambitious construction projects can only be
completed by teams of people, with different skills, working together. New working
methods and project management techniques make sure that everyone contributes in the right way, 
at the right time, for the benefit of the project. Effective management also makes sure that risks 
are predicted and controlled. And when unexpected problems do happen, they can be identified 
and solved before they cause any harm.



work together better

Photography: Ray Smithson

Kingsmead Primary School, Cheshire

This primary school in Northwich was constructed as a template for new school design using innovative engineering, sustainable principles and
collaborative working. As well as being a futuristic learning and teaching environment the school delivers environmental, economic and social
benefits. The school’s location maximises natural daylight and ventilation and exploits passive solar energy while its wood and glued laminated 
timber-frame construction reduced the amount of concrete, plaster, metal and PVC required. Energy for lighting is reduced using daylight
sensor controls and low-energy high-efficiency lamps. Recycled and recyclable materials are used wherever possible and rainwater is used 
for toilet flushing. Engineers increased insulation and thermal mass (heat storage capacity) to reduce the energy needed for heating. Heating 
is provided by a gas boiler and by burning biomass (plant or animal matter). Solar thermal power is used to assist water heating. The building 
is also a teaching resource where pupils learn about their environment by remotely accessing the building management system to monitor
classroom temperatures, rainwater volume and the amount of energy consumed.

Find out more at 
www.cheshirerenewables.org.uk/kingsmead.htm 



Wembley Stadium 

Engineers worked together to define Wembley’s unique characteristics and create a new English national
football stadium that captured the atmosphere of the original building. While most modern stadia are
orientated north-south, to prevent players’ vision being impaired by the afternoon sun, the new 
stadium is orientated east-west, just like the original Wembley. A new roof protects spectators 
from the rain but also prevents shadows from obscuring play. On sunny days the south side of the
roof is retracted so the whole pitch is in sunlight. This avoids valuable seconds of play being lost 
to broadcasters as television cameras adjust from bright sun to shadow.

The iconic arch spans 315m, is visible for over 20km, carries 70% of the roof load and removes the
need for any structural columns. This means that, unlike the old stadium, all 90,000 seats have
unobstructed views of the pitch. Ironically, the deepest foundation piles, at 35m, are as deep as 
the height of the old stadium’s signature towers. Perhaps most important of all, acoustic modelling
was used to capture and enhance the legendary roar of the Wembley crowd!

Find out more at 
www.wembleystadium.com

Photography: Nigel Young/Foster + Partners



Key facts

The arch weighs 1,750 tonnes.
Around 250,000 tonnes of concrete and steel 
were used in construction.

It has 60 bars and 41 food and beverage outlets.

The stadium covers 103,000m2 and has 
4,000 foundation piles.

25,000 double-decker buses would fit inside 
its walls and roof.

The roof weighs 7,000 tonnes. 

work together better



How can we...
make the most of our resources? 
Our civilisation is developing, but so too is our demand for electricity. Civil engineers are committed 
to protecting our natural resources, designing structures that use as little energy as
possible. When it comes to providing energy for the entire planet, engineers are using nature 
to meet the needs of today and tomorrow.

We can use natural sources of ‘sustainable power’, such as water and waves, wind and solar energy. 
We are also constantly finding new ways to generate energy that will not pollute our environment.



make the most of our resources
Chineham Energy Recovery Facility (ERF)

Hampshire’s waste was increasing but its landfill sites were filling up and municipal incinerators didn’t meet EU emissions regulations.
To solve the crisis Hampshire and its partners created an action plan to reduce waste, increase composting and
recycling, support anaerobic digestion, adopt recovery technologies and create up to five new facilities to
process up to 200,000 tonnes of waste annually.

The new Chineham Energy Recovery Facility is exceptional because engineers altered a standard building 
format to fit the small 1.4 hectare site of a former Basingstoke incinerator. The facility produces up 
to 8MW of power of which 1.25MW is used to operate the plant. The remaining 6.75MW 
is sufficient to supply 10,000 homes with electricity each year. The building is partly clad 
in light-reactive coated aluminium that changes colour depending on light levels and
weather to appear grey, blue or purple. Semi-opaque polycarbonate cladding allows
natural light into the building and reduces electricity use. The ‘tipping hall’ has a ‘living
roof’ covered with plants that change colour seasonally and require no maintenance.

Find out more at
www.veoliaenvironmentalservices.co.uk/hampshire

Photography: Keely Gallagher – Veolia Environmental Services



Photography: Arup Photography Library

Beddington Zero Energy Development (BedZED)

BedZED is a sustainable, attractive and affordable housing community in South East England.

Civil engineers worked to reduce the energy demands of 100 homes and 2,500m2 of commercial space. They then met the 
reduced demand for energy with renewable resources including passive solar heating and wood-fuelled combined heat and
power (CHP). These energy sources resulted in zero net fossil fuel carbon dioxide emissions into the atmosphere and zero
fossil energy development, or ‘ZED’.

While BedZED’s tenants can lead sustainable and energy-efficient lifestyles by using local resources, recycling and 
by reducing water consumption and transport, engineers have used other techniques to reduce the amount of energy 
they require. Super insulation, high-performance glazing, air-tight details and natural ventilation that also recovers 
heat were used. A reed-bed based 'Living Machine' was created to treat sewage and recycle the water to underground 
tanks where it is stored with collected rainwater for toilet flushing. Photovoltaic cells on each block produce electricity 
to power 40 electric cars used by tenants.

Find out more at 
www.bioregional.com 



make the most of our resources

Key facts

Completed in 2002, BedZED is a zero energy
development designed to produce at least as much 
energy as it consumes.

There are 100 flats, maisonettes and townhouses
and approximately 2,500m2 of office space.

The village incorporates sustainable material sourcing, 
a renewable energy supply, a total water strategy and

an integrated transport system.

Each electric car provides about 16,093km of travel
per tenant per annum. A typical home is 79.9m2.



How can we...
be sure we’re safe? 
To reduce the risks caused by building our civilisation, we must constantly improve how we manage
health and safety. Big and small construction projects can often create risky conditions for the people
working on them. Some projects have particular hazards, such as working at great height or depth, 
or with dangerous substances. 

By learning from the past, and by using computer models to predict project outcomes, we continue to
improve the safety of the most challenging working environments.



Rion Antirion Bridge, Greece

The Rion Antirion Bridge links the Peloponnese to the Greek mainland across the Gulf of Corinth — an area of high seismic activity. The project
challenged civil engineers to build a bridge that crosses several active earthquake fault lines where the sea bed moves up to 20mm each year.

The bridge was constructed in water up to 65m deep on four massive concrete structures. These 90m diameter foundations were floated into
position where they sit on a geologically weak sea bed. The cable-stayed structure also has four concrete towers up to 159m above sea level
with three spans of 560m between towers and two end spans of 286m. The deck of the bridge is made of sections using a combination of steel
beams with concrete slabs to support the roadway. These full width sections were pre-assembled, lifted into place and attached to the
supporting stay cables. This operation was done alternately on either side of each tower to maintain overall
balance, until the decks were long enough to meet in the middle of each main span. Each deck span
has a 50m centre section that moves up to 2m to accommodate movements in the bridge’s structure
during earthquakes.

To protect the materials, engineers also used chemical additives in the concrete, waterproofing
systems and electrical circuits in the bridge’s construction to achieve a 120-year life.

Find out more at 
www.fabermaunsell.com

be sure we’re safe



Taipei 101, Taiwan

Taipei 101 is the world’s tallest completed building. It has 101 floors above ground and five below and is 56m taller than the 452m tall
Petronas Towers in Kuala Lumpur. The building was designed to look like a bamboo stalk with eight floors per bamboo segment and with
huge ancient coins placed on the outside of the 26th floor. These icons symbolise prosperity and good fortune.

To reduce building sway during high winds so people are comfortable, innovative engineers have designed a 660 tonne ball-shaped
damper. This special £2.06 million component dissipates some of the energy from sway, by converting it to heat in attached giant 
‘shock absorbers’. For the first time in history this engineering damper has been incorporated as a key feature in the building’s design
instead of being hidden from view.

The building also has the world’s fastest lift travelling at 36mph and taking 37 seconds to get from the ground floor to the observatory 
on the 89th floor (it descends more slowly to protect passengers’ ears). Before the lift takes off the operator asks passengers to please
"swallow to protect your ears".

Find out more at 
www.taipei-101.com.tw
http://thorntontomasetti.com/project_15.html

Photography: (exterior) Thornton Tomasetti (damper) Yau Shan Szeto/Emporis.com



Key facts

The building is 508m tall, over nine times
the height of Niagara Falls.
The building is constructed 198m from an inactive
fault line.

At the opening ceremony on 31 December 2004
the building was climbed by French Spiderman, Alain
Robert, in approximately four hours.

Toronto’s CN Tower is the world’s tallest completed
freestanding man-made structure on land 
(not considered to be a ‘building’ as it is not
permanently occupied).

be sure we’re safe



How can we...
save our past and protect our future?
We should be proud of our civilisation today, and its many great achievements. But which of the 
great achievements of yesterday are so important to our sense of history? By applying the latest
technology, civil engineers can save structures and monuments from the distant past so that
they can still be enjoyed well into the future.

And what of tomorrow? What are we doing today that will provide enjoyment and education for
generations to come? Civil engineers are using designs and materials that will protect our natural 
and cultural heritage for future generations.



save our past and protect our future
Broadland Flood Alleviation Project

The Norfolk Broads is the UK’s largest nationally protected wetland. Its 303km2 of shallow lakes, 
marshes, three rivers and 200km of waterways is a unique habitat supporting both rare plants and 
animals and is visited by over one million visitors each year. Business, leisure and farming 
communities also rely on the area for their livelihood.

This historic transport network is also one of the world’s most threatened types of landscape. 
Much of the land is below sea level and prone to flood with salt water during high tides or as a 
result of global warming. 

Civil engineers designed flood defence improvements, maintenance and emergency services to 
protect 240km of soft clay flood banks that defend 21,300 hectares of Broadland from salt water 
that can damage the surrounding fields. The engineering work is ingeniously carried out using a 
flotilla of little boats that work in areas too wet for wheeled vehicles. Each boat shifts 20 tonnes of 
clay at one time, and together with around 50 tracked excavators, they will move over 3,000,000m3

over the 20-year project, constructing flood banks to protect the area for future generations.

Find out more at 
www.bfap.org



York Eco Depot

Engineers used innovative and sustainable solutions to help City of York Council afford to move its department for housing, waste and roads
from cramped and expensive Portakabins to an attractive new building – built on a former tip! Walls were constructed from modular panels
made from locally grown straw bales encased in timber, reinforced with steel mesh and coated in lime render to provide insulation seven times
more efficient than regulations require. Full-height window sections maximise natural light and ventilation using sensors that detect high
temperature, rain or high wind and open and close windows accordingly. 

A wind turbine generates electricity for the building’s lighting system while photovoltaic
solar panels supply hot water. Rainwater from roofs is collected in underground tanks
and used to wash vehicles, reducing water consumption by 50% and tap water costs
by £12,500 each year. The depot’s sustainable construction reduces energy use 
by 76% and CO2 emissions by 155 tonnes annually compared to a traditionally
built, air-conditioned office of the same size.

The depot also includes an Interpretation Room – a national resource 
for learning and education on sustainable construction.

Find out more at www.carillionplc.com
Photography: Carillion plc
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