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The Golden Gate Bridge in San Francisco averages more than 100,000 vehicles daily. Photo by

Saketh Garuda for Unsplash

Every day, Americans travel on roads, bridges and highways without considering the safety or
reliability of these structures. Yet much of the transportation infrastructure in the U.S. is outdated,

deteriorating and badly in need of repair.

Of the 614,387 bridges in the U.S., for example, 39% are older than their designed lifetimes, while
nearly 10% are structurally deficient, meaning they could begin to break down faster or, worse, be

vulnerable to catastrophic failure.

The cost to repair and improve nationwide transportation infrastructure ranges from nearly US$190
billion to almost $1 trillion. Repairing U.S. infrastructure costs individual households, on average,
about $3,400 every year. Traffic congestion alone is estimated to cost the average driver $1,400 in

fuel and time spent commuting, a nationwide tally of more than $160 billion per year.

Purdue Creates Sensors For INDOT
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The Purdue engineering lab has installed smart technology in three Indiana interstate highways.

I am a professor in the Lyles School of Civil Engineering and the director of the Center for Intelligent
Infrastructures at Purdue University. My co-author, Vishal Saravade, is part of my team at the
Sustainable Materials and Renewable Technology (SMART) Lab. The SMART Lab researches and
develops new technologies to make American infrastructure “intelligent,” safer and more cost-
effective. These new systems self-monitor the condition of roads and bridges quickly and accurately

and can, sometimes, even repair themselves.

Smart, self-healing concrete

Infrastructure — bridges, highways, pavement — deteriorates over time with continuous use. The life

of structures could be extended, however, if damages were monitored in real time and fixed early on.
In the northern U.S., for example, freeze-thaw cycles in winter cause water to seep into the pavement
where it freezes, expands and enlarges cracks, which can cause significant damage. If left unrepaired,

this damage may propagate and break down pavements and bridges.

Self-healing concrete test study with cracked concrete (left) and self-healed concrete after 28 days (right). SMART
Lab/Purdue University, CC BY-ND

Such damage can be identified and repaired autonomously. At an early stage of a crack, for example,
self-healing pavement would activate super absorbent polymers to absorb water and produce
concrete-like material that fills in the crack. Cracks as small as a few microns could be healed to
prevent significant damage by preventing or delaying the later stages of the freeze-thaw cycle.
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Superabsorbent Polymer - Chemical Reaction

The astonishing properties of absorbent polymers.
Roadway technology

Many researchers in the world are working on improving construction infrastructure. Technologies
recently being explored include solar and energy-harvesting roads, charging lanes for electric vehicles,

smart streetlights and reducing carbon-related emissions from construction materials.

At the Purdue SMART Lab, our team is also testing novel sensors that monitor transportation
infrastructure by embedding them in several Indiana interstate highways. We plan to expand to other
state highway systems in the next few years with a goal to better accommodate increased traffic and

provide accurate estimates of road conditions during construction and its life.
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Sensors installed on Indiana interstate 1-74. Erin Easterling/Purdue University, CC BY-ND

Sensors embedded in concrete pavement acquire information about the infrastructure’s health
condition in real time and communicate the data to computers. Electrical signals are applied through
the sensors. Concrete’s vibrations are converted into electrical signals that are read and analyzed by
lab-built customized software. This enables transportation engineers to make effective and data-
driven decisions from opening roads to traffic and to proactively identifying issues that cause damage

or deterioration.

After concrete is poured for highway pavement, for example, it takes hours to cure and become strong
enough to open for traffic. The timing of when to open a highway depends on when the concrete mix
is cured. If a roadway opens too early and the concrete is undercured, it can reduce the life expectancy
of the pavement and increase maintenance costs. Waiting too long to open a road can result in traffic
delays, congestion and increased safety risks for construction workers and commuters. Curing
concrete for massive highway projects requires close attention by engineers in conjunction with the

weather specific to that region.

...ives Data for Opening Repaired Highways to Traffic
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Sensors embedded in concrete can signal the health of roadways. Video by Erin Easterling/Purdue University.

Smart sensors embedded in concrete enable engineers to monitor the infrastructure and make data-
driven decisions about when a road can open while retaining maximum life expectancy. Sensors can
also help monitor the quality of concrete and whether it is robust enough to withstand traffic flow and
corrosion after a roadway is opened. Smart, efficient infrastructure can significantly reduce structural
failures, both catastrophic and through normal wear, as well as lead to reduced costs and provide new

ways for structural engineers to assess real-time information about the pavement.

[Get our best science, health and technology stories. Sign up for The Conversation’s science

newsletter.]

Saving time and money

Congress recognizes the need to invest in American transportation systems. A $494 billion legislation
package, the INVEST In America Act, was recently introduced to address America’s deteriorating

highways and bridges while diminishing carbon pollution.

Smart sensors and intelligent infrastructure system can enable significant savings of time and money
with improved construction safety. Sensors can provide engineers with real-time data of the quality of
our infrastructure to make the best decisions for building and maintaining roads, bridges and
pavements while improving safety for drivers and construction workers. The addition of self-repairing

properties can help build sustainable and long-lasting infrastructure to reduce maintenance and costs.

‘ Infrastructure  Innovation Invention Transportation Civil engineering Concrete  Materials engineering

Innovation and Invention
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LATEST

Exclusive | Breakdown of DfT Covid support spending

18 NOV, 2020 BY CATHERINE KENNEDY

The Department for Transport (DfT) has revealed a breakdown of the cost of support measures

introduced to keep the rail and aviation sectors operational during the Covid-19 pandemic.

These include Emergency Recovery Measures Agreements for rail, additional funding for Transport

for London (TfL) and what the DfT describes as "an unprecedented package of support” for aviation.

Support has also been provided for the bus and maritime industries, along with a continued focus on

the wider levelling up agenda and green economic recovery plan.

Rail
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The DT said that when the pandemic began it took “emergency action” to keep trains running for key
workers by temporarily transitioning train operators onto Emergency Measures Agreements. This

transfers all revenue and cost risk to the government.

Following this, in September it brought in new agreements called Emergency Recovery Measures
Agreements (ERMAs), to support the UK recovery and continue the fight against the pandemic. These
agreements, which run for up to 18 months, are designed to bring the rail franchising system to an

end.

Total payments made to all train operating companies (including those in public ownership) until late
June was £2.28bn. At the same time the revenue collected from fares has fallen to less than 5% of its

pre-Covid level during the period of national lockdown.

The government has also provided up to £1.7bn to TfL to make up fare revenue lost due to the
pandemic in a funding deal that will last until March 2021. This follows the previous support package

of £1.6bn earlier this year.

Railway Industry Association (RIA) chief executive Darren Caplan said that the government has
“clearly worked hard” to support the industry and that ministers have been “accessible and open” in

their dealings with the RIA and its members.

“Rail has shown itself during the pandemic to be an essential service and we are grateful the

government has worked with us to keep the network moving,” he said.

“Now, government needs to focus on accelerating and delivering rail schemes, as well as giving
certainty and visibility to enable supplier businesses to quickly get on with renewing and enhancing
the UK rail network, so that we can continue to build a world class railway which is fit for the future,

whatever lies ahead post coronavirus.”

Aviation

Meanwhile, for the aviation sector, the DfT said it had provided “an unprecedented package of
support”. This includes early action on airport slots, loans, tax deferrals, and paying people’s wages

through the furlough scheme.
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The DAT said it has "worked closely with Europe"” to waive slot rules which would have led to empty

flights and unnecessary carbon emissions.

It emphasised the "continued support” for the aerospace and aviation sectors with over £8.5bn in
grants, loans and export guarantees. To protect the long-term future of the sector, the government’s
Aviation Restart, Recovery and Engagement Unit has developed guidance for safe travel as well as
putting the UK "at the forefront of international travel” through its travel corridors and the Global

Travel Taskforce.
However airports have called for further support, in particular business rates relief and airport testing.

A Heathrow spokesperson said the lack of "sector specific support" continues "to jeopardise our

industry’s chances of any meaningful recovery".

A Gatwick spokesperson echoed this and urged the Global Travel Taskforce "to swiftly announce its
proposals for a "test to release scheme” — to allow its implementation to coincide with the end of

lockdown on 2 December - along with a "package of financial support measures".

Manchester Airports Group chief executive Charlie Cornish added: "Rail operators and London’s
transport system have been given special funding to shield them from the worst impacts of the virus.
But while the suggestion that aviation has had dedicated support has been regularly repeated by
ministers, in reality this consists of nothing more than the furlough scheme, which - though welcome

— has been available to all businesses."

Aerospace trade association ADS chief executive Paul Everitt said that while the support so far has

been welcomed, “there will be no early return to pre-pandemic levels of demand".

"It is important the government adopts strategic measures to safeguard these high value jobs through
the next 18-24 months," he said, identifying the chancellor's spending review as an opportunity to

provide longer term assistance.

A DT spokesperson said the priority has "always been to protect the public and manage the spread of
Covid-19".
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The spokesperson added: “We recognise transport plays a crucial role in ensuring NHS staft and other
key workers can continue to travel to work - that’s why we have taken quick action to provide billions

of pounds in emergency funding to keep transport services operating and supporting businesses."

Like what you 've read? To receive New Civil Engineer's daily and weekly newsletters click here.
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