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Foreword

The collapse of the Ponte Morandi in Genoa this summer, which
saw cars fall 150 feet and resulted in 43 deaths; the failure of a
pier in Vigo, Spain, during a music festival in August 2018, which
injured over 300 concert goers; the 2007 collapse of a bridge
in Minneapolis, where sections fell, without warning into the
Mississippi River in downtown Minneapolis, killing 13 people and
injuring hundreds of others. Poor infrastructure maintenance has
tragic consequences. And yet in many cases, we continue to take
our infrastructure for granted, even when it is operating beyond its
intended lifespan and carrying significantly heavier loads than it
was initially designed for.
There are literally hundreds of examples where poor inspection
or a lack of routine maintenance has led to tragedy and chaos.
Maintenance is always easy to defer – until something goes wrong.
But leaving a legacy of safety and of service continuity should also
be something infrastructure owners and operators aspire to.

In the UK, new infrastructure adds only 0.5% a year to the value
of existing assets1. And yet it is often given significantly more
prominence than maintenance when annual budgets are set.
Given the importance of our existing roads, railways, bridges
and power stations, ongoing maintenance, with adequately
resourced, ring-fenced funding, should be bumped up the priority
list. It amounts to ensuring the safety of those using the assets
and to protecting our investments by getting the maximum
value from assets. It is also the best, most cost-effective way of
doing so. Planned, funded maintenance programmes offer the
best opportunity to develop and preserve the skilled workforce
necessary to keep our infrastructure in peak condition, enabling the
development of innovation, driving productivity and keeping costs
down – there are few areas of life where prevention is not better,
and cheaper, than cure.

Leo Quinn
Group Chief Executive
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Smart Infrastructure: Getting more from strategic assets, Cambridge Centre
for Smart Infrastructure and Construction, September 2017
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Executive summary
Our transport infrastructure underpins the country’s economic
growth and enables people and goods to move around the country.
Building new roads and railways and upgrading existing routes
opens up new opportunities for business, spurs investment and
enables people to access work, housing and leisure further afield.
The benefits of a consistent programme of infrastructure
maintenance are less obvious. They drive no new surge of activity
or investment. There are no iconic maintenance schemes and no
red ribbons to cut. However, while infrastructure maintenance
lacks the glamour of new infrastructure schemes, it is no less
important given how closely it is linked to the safety of those
using the assets and living and working around them. The costs of
inspection and maintenance are also far less significant than the
human costs of infrastructure failure teamed with the loss of the
asset itself while it is repaired or replaced. Tragedies such as the
recent collapse of the Ponte Morandi in Genoa starkly demonstrate
how devastating the impacts of underinvestment in maintaining
key assets can be.
With infrastructure maintenance, prevention is considerably
cheaper than cure: a consistent maintenance programme is
significantly less costly than undertaking one-off ad hoc repairs.
Meanwhile, backlogs of inspections and maintenance, for example
on some parts of the UK’s local roads network, can quickly spiral
to a point where playing catch-up becomes almost unaffordable.
Indeed, in this case, the recommendation in the recent National
Infrastructure Assessment2 that Government provide £500m a
year of funding from 2025/26 to 2034/35 to address the local road
maintenance backlog is unlikely to be enough given the poor state
of local roads and the underinvestment of recent years: the AA has
calculated that local authorities face a £12 billion ‘black hole’ of
repairs, which would take over a decade to undertake3.
Consistent, planned spend is also better for the economy, giving
those involved in infrastructure maintenance the ability to invest in
local economies, for example, through apprentices and other skills
training around schemes. Indeed, Balfour Beatty believes the wider
social value of undertaking a programme of regular maintenance
is often overlooked, in spite of the fact that it can actually have a
longer-term, more stable stimulus effect than one-off spend on a
new scheme.
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National Infrastructure Assessment, National Infrastructure Commission, July 2018
https://www.local.gov.uk/about/news/lga-responds-aa-poll-drivers-condition-roads

However, in spite of its importance, infrastructure maintenance is
often deferred due to budgetary pressures and funds earmarked
for maintenance are redeployed elsewhere. Infrastructure
owners and managers come under understandable, but often
competing demands to reduce the costs involved in inspection
and maintenance while keeping critical transport routes open.
Undertaking maintenance in a live environment means that it is
more difficult and takes longer, which, in turn has an impact on
how expensive it is to undertake.

Balfour Beatty believes the time has come to address the barriers
to the widespread adoption of innovative new techniques and
solutions. From the reluctance of procurers to use them and the
lack of capacity in the market to produce them, we must move
beyond traditional mind-sets. More needs to be done to educate
and inform those commissioning infrastructure and responsible
for ensuring its maintenance, both to demonstrate the benefits of
innovative new approaches and also to improve understanding
about how to maximize their potential.

What is needed is long-term strategies backed by sustained,
ring-fenced funding to maintain our essential infrastructure and
ensure high safety standards are being upheld. We must increase
understanding that it is neither an efficient, nor a safe option to
turn spending on infrastructure maintenance on and off.
Decision-making should evolve to reflect the importance of
maintaining infrastructure alongside other priorities. We must
invest to ensure that our bridges, roads, railways, tunnels and
other infrastructure remain in good condition, especially where
volumes of traffic have increased far beyond those which assets
were built to carry and where they have gone beyond their
intended design working lives.

Providers, too, must change. Balfour Beatty has committed to
reducing the amount of work we undertake onsite by 25% by
2025. We also play a leading role in using innovation to improve
infrastructure maintenance, with a range of specialist in-house
capabilities to survey and monitor, repair and maintain. While
others in the industry are following suit, some remain reluctant.
They are held back by the significant upfront investment needed
and the limited profitability while the market remains narrow.
This is where the Government can make the difference. As
the industry’s largest client, it has the means, motivation and
responsibility to throw its weight fully behind this agenda and
encourage others responsible for infrastructure maintenance
to commit to using new, innovative approaches to improve
productivity while reducing some of the costs associated with
infrastructure maintenance.

However, increasing investment in infrastructure maintenance,
ring-fencing these amounts and reducing the costs by committing
to consistent programmes of maintenance are only one part of the
solution. Addressing the construction industry’s poor productivity
is another key element. Balfour Beatty believes the best way of
doing this is to increase innovation in the sector. Indeed, a new
generation of industrialised construction methods are increasingly
being recognised as the best way for the UK construction industry
to boost productivity and deliver efficiencies. Moving to these
methods drives better outcomes for all stakeholders: for the
customer, reducing onsite construction times and waste; for the
construction supply chain, by improving quality, repeatability
(and therefore output) of infrastructure; for the workforce, by
raising safety performance. Yet take-up of these new approaches
remains slow.

UK Structure Examinations – Closed Branch Lines
Since 2003, Balfour Beatty has been responsible for the
inspection and maintenance of approximately 3,300 structures
across the UK on behalf of Highways England (previously the
Highways Agency). These include: overbridges, underbridges,
retaining walls, culverts, viaducts and tunnels.
Each structure is examined annually, with a more detailed
examination every six years. Detailed examinations take place
more frequently for high-risk structures and tunnels.
Over the past 15 years, we have added value in a range
of different ways. For example, we inherited a system
which produced paper examination reports with glued–in
photographs; this was rapidly changed to an all-electronic
reporting process, reducing errors and increasing productivity.
We then recommended the use of a web-based data
management system. This has recently been adopted, and
the real-time review of reports is now fully available, enabling
faster decision-making. This facility has been supplemented
with the use of both static photo and video capture of
significant defects which require elevation or fast-track action.
We now use helmet cameras to assist in this process to
support the client’s understanding of specific areas of concern
(e.g. structures working under load). The helmet camera also
provides a hands-free, safe method of capturing the data often
from remote and difficult to access locations.
Other recent innovations have included the use of unmanned
aerial vehicles for detailed inspections of bridges and major
plant, and of survey grade fixed wing drones for large aerial
mapping of projects. This makes it possible to track changes
in the structure’s condition, increasing safety, accuracy and
efficiency and saving time in terms of manual labour, reducing
the time on site by 80%.
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Key points and recommendations

Connect Plus and the M25
The M25 motorway is the busiest road in the UK and is of key
strategic importance to the economy.
The Connect Plus consortium, in which Balfour Beatty holds a 15%
stake, was awarded a 30-year £6.2bn design, build, finance and
operate concession to upgrade and maintain 372 miles of the M25
and connecting routes on behalf of Highways England (at the time,
the Highways Agency), helping it deliver on its promise of safe
roads and reliable journeys. The project is carried out as a Public
Private Partnership (PPP).
Connect Plus is responsible for routine maintenance and operation
of the M25, as well as management of the whole life requirement
of the asset. This includes responsibility for the smooth operation
of the slip roads, trunk roads, junctions and bridges that together
make up this vital transportation circuit around London.
The versatile Connect Plus highways team delivers planned and
reactive highways maintenance, out of hours emergency response
and winter maintenance, undertaking regular data gathering and
inspections. Its role includes identifying ways of reducing delays and
improving journey time reliability. Innovation plays a key role in this
and in maintaining efficiency. One innovation currently being piloted
is the use of Smart Water sensors to determine when gullies
need to be maintained, reducing the need for visual inspection.

Most of the M25 was built as a dual three-lane motorway, but
many sections have now been widened by Connect Plus as part
of the ongoing maintenance and upgrading. In addition to the
widening of the M25, Connect Plus has undertaken improvements
including upgrading large sections to Smart Motorway (adding
capacity by converting the hard shoulder to a traffic lane and
controlling traffic more effectively using variable speed limits),
refurbishing tunnels and bridges, installing hundreds of variable
messaging signs (VMS) and gantries, and refurbishment of the
Hatfield Tunnel on the A1(M) motorway running north from London.
A major success for the team was the completion of the first major
widening programme before the London 2012 Olympic Games.
This was a significant challenge, taking place in a live environment
with a tight, fixed deadline. With widening taking place at a rate
of 1.6km a month, construction was undertaken twice as fast as
previous comparable projects.

1. Deferring maintenance is a false economy. Not only does
consistently under-spending on maintenance reduce asset life,
but one-off, reactive spend when a problem emerges is almost
always more expensive than ongoing, routine maintenance.
2. B acklogs of inspections and maintenance, for example
on some parts of the UK’s local roads network, can
quickly spiral to a point where playing catch-up becomes
almost unaffordable.
3. M
 aintenance programmes must be properly resourced.
However, in some cases, maintenance is funded out of
revenue, rather than capital budgets. Very rarely is it ringfenced. This means that funding is often liable to be deferred,
with the allocated funds spent elsewhere.
4. C onsistent, planned spend is better for the economy, giving
those involved in infrastructure maintenance the ability to
invest in local economies, for example, through apprentices
and other skills training around schemes. The wider social
value of undertaking a programme of regular maintenance is
often overlooked, in spite of the fact that it can actually have
a longer-term, more stable stimulus effect than one-off spend
on a new scheme.
5. T he Government must encourage a deeper understanding of the
costs associated with a failure to undertake routine maintenance
– and the benefits of undertaking ongoing, planned programmes.

6. W
 hat is needed is long-term strategies backed by sustained,
ring-fenced funding to maintain our essential infrastructure
and ensure high safety standards are being upheld.
7. A
 ddressing the construction industry’s poor productivity is
another element of the solution. Balfour Beatty believes the
best way of doing this is to increase innovation in the sector.
8. T he Government must ensure that the procurement model
encourages and supports innovation. Driving this relies on the
use of contracts that split the gains flowing from innovation
among the parties.
9. W
 e must address the other barriers to the widespread
adoption of innovative new techniques and solutions. More
needs to be done to educate and inform those commissioning
infrastructure and responsible for ensuring its maintenance,
both to demonstrate the benefits of innovative, new
approaches and also to improve understanding about how to
maximize their potential.
10. As
 the industry’s largest client, the Government has the
means, motivation and responsibility to throw its weight
fully behind the innovation agenda and encourage others
responsible for infrastructure maintenance to commit to
using new, innovative approaches to improve productivity
while reducing some of the costs associated with
infrastructure maintenance.
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A more consistent approach to maintenance

OmniSurveyor3D® – unlocking value from data
OmniSurveyor3D is our award winning software tool that is
used extensively in the transportation sector giving users the
ability to visualise and interact with their data without having
to go on site. The software allows users to view, model,
manipulate, measure point cloud and image data intuitively,
and to output data in open industry formats so it complements
standard CAD tools. The software allows users to create
virtual models that are time-based, enabling closer stakeholder
engagement for the development of new infrastructure
schemes. Reports and the condition of assets can be easily
created and shared with maintenance teams. The software links
directly to our OmniCapture3D system but is compatible with
third party mobile mapping systems.
The OmniCapture3D system, contains two high speed laser
scanners, an inertial measurement unit and an imaging system
that are fully synchronised to capture high density, high
accuracy point cloud data. Each of the laser scanners records 1
million points per second with 200 line scans per second. Once
captured, this data is seamlessly combined with data from the
inertial measurement unit and dynamically compensated to
ensure accuracy. The imaging system adds 4K, high definition,
infrared or spherical views of the survey area to provide
additional context and the unit can also interface with other
measurement systems.
Commissioning the survey of any given part of a transportation
network using the OmniCapture3D Portable Mobile Mapping
System removes the need for manual surveying of the network,
improving safety. It also reduces the significant amounts of time
and cost associated with manual surveying such as travelling to
site and hire of equipment - all whilst providing a high quality
set of data with real-life imagery to give context for the
engineers and designers who are using the data captured.
OmniSurveyor3D and OmniCapture3D allow our customers to
manage and maintain their assets by having a single accurate
digital record of their infrastructure.

While the economic benefits of new infrastructure schemes have
been widely acknowledged in recent years, the importance of
infrastructure maintenance is less frequently spoken about. Yet
maintaining existing infrastructure, ensuring that it is being used
as efficiently as possible and that it is continuing to play its role
in underpinning economic growth is equally as important and,
in many ways, has a more immediate impact on those using it.
Money spent on infrastructure maintenance, ensuring it works
safely and well, is money well spent, especially taking increasing
usage due to population growth, into account. It helps to extend
the life of the assets we rely on. This is something which will
become increasingly important as the amount of infrastructure we
use to support our daily lives grows.
Maintenance also generates significant economic benefits just
as spending on new infrastructure spend does. Improving and
repairing local roads, railways and flood assets for example, as
well as public realm work to support regeneration, has a positive
impact on local economies, employment, skills and training.
Maintenance programmes must be properly resourced. However,
in some cases, maintenance is funded out of revenue, rather
than capital budgets. Very rarely is it ring-fenced. This means
that funding is often liable to be deferred, with the allocated
funds spent elsewhere. While the temptation to do this is
understandable in the light of ongoing budget constraints, it is an
ill-advised, short-termist approach.
Indeed, in Balfour Beatty’s experience of both maintenance
and of undertaking repair work on a range of assets, deferring
maintenance is a false economy. Not only does consistently
under-spending on maintenance reduce asset life, but one-off,
reactive spend when a problem emerges is almost always more
expensive than ongoing, routine maintenance. Furthermore, given
that emergency maintenance or repair work is unplanned, it is
not budgeted for, impacting budgets and putting future financial
flexibility under pressure.

Investing in innovation to bring down
the costs of routine maintenance
The huge range of new, advanced technologies have a major
role to play in making it easier and more cost effective to carry
out asset inspections, and to plan and undertake maintenance.
Effectively leveraging these transformational new technologies
will ultimately lead to more resilient infrastructure. For example,
the use of 3D modelling and 4D techniques already enables us to
review, at the design stage, future operations and maintenance to
ensure that any temporary works required to maintain or replace
items can be thought through, and where necessary, incorporated
into the permanent works. Those designing schemes can therefore
look at future maintenance issues and the methodology required
to maintain the permanent works across a range of different types
of asset, from the replacement of pumps at pumping stations, to
future escalator replacements and the installation of power plants.
Moving forward, Artificial Intelligence and machine learning
will drive increased use of predictive maintenance, which relies
on precise data and predictive analytics to provide a deeper
understanding of asset condition. This, in turn, enables engineers
to better determine maintenance and repair needs and priorities,
facilitating a cost-effective approach focussing on those assets
where maintenance is most needed, first.
New technology is also playing an increasing role in minimsing
disruption for those using the infrastructure by reducing reliance
on manual intervention and close visual inspection. Vehicle
and drone-mounted sensors, for example, remove the need for
scaffolding and road closures when undertaking road bridge
inspections. As autonomous vehicles become increasingly
prevalent, they will begin to gather vast amounts of data to
complement the current, growing network of inductive loops,
non-intrusive traffic detection devices and video cameras.

The Government must encourage a deeper understanding of the
costs associated with a failure to undertake routine maintenance –
and the benefits of undertaking ongoing, planned programmes.
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https://www.balfourbeatty.com/media/149406/balvac-brochure-2016.pdf

From artificial intelligence, robotics and Virtual Reality to new
construction methods, the industry must continue to innovate
– and be supported to do so. Given that the Government is the
industry’s key customer, it plays a central role in encouraging the
commissioning of schemes which have innovative approaches at
their heart.
Beyond commissioners demonstrating courage in encouraging
new, innovative approaches and committing to using them, the
Government has a further role in ensuring that the procurement
model encourages and supports innovation. Driving this relies on
the use of contracts that split the gains flowing from innovation
among the parties. Contractors should be treated as partners
in the delivery of large infrastructure projects: this is more
likely to drive the delivery of high quality projects to time and to
budget. Contracts should therefore be based on a set of common
interests with well-defined payment structures and a balanced
mix of incentives and penalties, rather than on adversarial
or transactional relationships involving fixed-price contracts,
aggressive risk transfer and lowest-cost tendering.
Balvac - Structural repair, strengthening, protection
and refurbishment
Balvac4 is a leading specialist contractor undertaking repair,
strengthening, refurbishment and protection of civil and
building structures throughout the UK. With extensive expertise
and experience, Balvac delivers innovative, value engineered
solutions for its customers.
The work it undertakes includes road and rail bridges, tunnels,
highways, marine structures, power stations, water treatment
works, multi-storey car parks, residential and commercial
buildings and heritage structures. Balvac also carries out posttensioning installation works to bridges, tunnels and circular
tanks. Its complete service combines project management,
specialist skills, survey and design works to deliver complex
structural repairs, operating either as a principal or specialist
contractor on projects ranging from £100k to £5m in value.
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Conclusion

About Balfour Beatty

The aim for infrastructure owners and managers should be to
keep their assets in peak condition for as long as possible, for the
lowest whole life cost. This calls for long-term thinking, proper
budgets and planned programmes of maintenance. It also requires
all of those involved to leverage the potential of innovation in order
to keep the costs of doing so as low as possible to ensure the
safety of those using the assets as well as the longest possible life
for the asset.

The UK’s largest construction contractor, Balfour Beatty, was
founded in 1909 and is listed on the London Stock Exchange. With
15,000 employees and over 40 offices in the UK, Balfour Beatty
finances, develops, builds and maintains the increasingly complex
infrastructure that underpins the UK’s daily life.
With a legacy of projects across transportation, power and
utility systems, social and commercial buildings: from Crossrail
and Heathrow T2b to the M25 and M4/M5; and Sellafield;
to the Olympics Aquatic Centre, we are proud to be a British
company delivering iconic structures, bold engineering feats,
behind-the-scenes innovation and joined-up thinking, financing
and partnerships.
Balfour Beatty continually assesses how we can use technology
and innovation to mitigate safety risks, increase project efficiencies
and overcome challenges. To fuel this drive for continuous
improvement, our innovation and technology teams are focused on
research, development and the deployment of leading-edge best
practices, lean processes and technologies that help us deliver
higher quality, more efficient and cost-effective solutions.

Veena Hudson
Head of Public Affairs and Policy | Balfour Beatty
veena.hudson@balfourbeatty.com
5 Churchill Place, Canary Wharf, London E14 5HU
+44 (0)20 7963 4235 | +44 (0)7790 340 693
www.balfourbeatty.com

