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Keynote Address

Building resilience in the urban environment: the role of the
engineer

E.P. Toyne
London Sustainable Development Commission, UK

Balfour Beatty Construction Services UK

Keywords:

ABSTRACT: The paper describes the importance of building resilience into the urban built
environment. It describes some of the trends and physical impacts which are influencing
policy and the business response, with a particular emphasis on innovation and work
undertaken in the United Kingdom.  Five megatrends of urbanisation, demography, resource
stress, climate change and technology are described. The importance of resilience and future-
proofing the urban environment for these trends is discussed. Aspects of how built
environment professionals are attempting to do this are explored. They include: the UK

and services; new standards in city metrics reporting (ISO 37120:2014) whereby a standard
set of indicators can be used at a city level to indicate progress in sustainable development
and quality of life for its citizens; the development of a standard for measuring and managing

and new product development for flood resilience as part of the British Research

deployment of wireless systems networks in tunnelling projects, and resource efficiency - the
circular economy  a nascent concept gaining traction across Europe. It concludes with an
assessment for what establishing resilient infrastructure might mean for engineers,
highlighting the important role they play as integrators throughout the project lifecycle.

1 INTRODUCTION

The urban environment provides a home for more people than the rural environment with the rate of
urbanisation likely to continue.  The existing urban environment needs to adapt to cope with increased
population, whilst new urban environments are being designed and planned as countries go through
economic development.  Some urban areas have grown without proper planning and have created
conurbations that are considered vulnerable to disease and natural disasters (UNDESA, 2014).

In this paper, the trends that are expected to impact on urban living are summarised.  Some of the
characteristics of a resilient urban environment to manage these impacts are described.  This is
followed by a selection of responses from a policy and market perspective, looking at current
activities by government, business and academia to make urban environments more sustainable and
resilient.  It concludes with a personal view of the role of the engineer in the context of the challenge
of building resilience.
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This papers draws on primarily examples from the United Kingdom looking specifically at the

am personally involved in.  The examples presented are illustrative of activities that seek to overcome
challenges that exist today, specifically with a focus on innovation and future policy recommendations,
and are not presented as definitive.

2 WHY DO WE NEED A RESILIENT URBAN BUILT ENVIRONMENT?

To best understand the need for more resilient infrastructure we should first briefly explore the issues
facing citizens today and in the future.  Famous recent examples of disruption to city living from
infrastructure failure are  hurricanes Katrina and Sandy in the USA and Fukushima nuclear incident
in Japan.  Deconcini and Tompkins (2012) summarised some of the impacts caused by Hurricane
Sandy such as estimated insured losses between $10 billion and $25 billion; 135 attributable deaths in
the United States, with 60 in New York alone; and the U.S. Department of Energy reported that more
than 8.5 million customers in 21 states lost power.  Extreme weather events associated with a
changing climate are likely to increase, and are commonly cited as a megatrend that will influence
future urban living.  There are others megatrends the impacts of which the urban environment will
need to cope with.

3 THE MEGA-TRENDS IMPACTING FUTURE URBAN ENVIRONMENTS

There is a wide range of literature that looks at global megatrends and numerous commentators
de
resilient and equitable.  The Mowat Centre at the University of Toronto identified nine global

ure 1).  All of the megatrends will
impact the ability of government and city administrations to provide suitable infrastructure.  I have
selected five of the nine to illustrate why infrastructure will be required to cope with an increasing
population in a world with resource constraints and a changing climate.  These megatrends include:

a) Demography  higher life expectancy and falling birth rates are increasing the proportion of
elderly people across the world.  Some regions are facing the challenge of integrating large
youth populations into saturated labour markets, for example 1 million young people in India
will enter the labour force every month for the next 20 years.  By 2030, the number of people
aged 65 and older will double to 1 billion globally (Future State 2030: the global megatrends
shaping governments, KPMG, 2013).  The implications of demographic changes include; an
aging world, healthcare spending increases and public pension systems under pressure.

b) Urbanisation population reside in cities, this will rise to almost
two-thirds by 2030 (United Nations population Division.
prospects  the 2011 revision from KPMG.).  1 billion people currently live in city slums, this
figure could double by 2030 (OECD in KPMG, 2013).  The implications of urbanization
include: large-scale infrastructure needs; resource flows from natural environment to the built
environment; and urban poverty pressures including growing populations living in informal
settlements.

c) Climate change  increasing greenhouse gas emissions in the atmosphere are causing climate
change and creating changes to our natural environment which are placing stress on the
resilience of natural and built systems.  The consequences of climate change are: increased

-
of climate change; a greater role for urban environments.

d) Resource stress  the combined pressures of population growth, economic growth and climate
change will place increased stress on essential natural resources including water, food, arable
land and energy.  By 2030, a 50% increase in food production will be required to feed the
growing, affluent world population.  Global food prices are predicted to double in the same
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period.  The consequences of resource stress include: demand rise for resources and energy;
food and agricultural pressures; increased competition for metals and minerals and risk of
resource nationalism.

e) Enabling technology  information and communications technology (ICT) has transformed
society over the last thirty years; global internet users have increased form 360 million in 2000
to 2.4 billion in 2012.  ICT has also enabled the research, development and growth of
technology in many areas of the built environment including engineering and transportation.
The consequences of enabling technology include: transformation of communication,
transportation and construction with new ways of manufacturing; and challenges of coping
with cyber-crime.

Figure 1
 (redrawn from KPMG, 2013)

4 WHAT IS A RESILIENT BUILT ENVIRONMENT?

In general, the term "resilient" refers to the ability of something to continue to be of value into the
distant future; that the item does not become obsolete and can cope with shocks and stresses.  The
concept of building resilience into a system is the process of anticipating the future and developing
methods of minimizing the effects of shocks and stresses of future events.  The Cabinet Office of the
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.  They cited four types of resilience which are
directly related to the five megatrends explored above:

a) Extreme weather  climate resilience
b) Natural and manmade disasters  disaster resilience
c) Terrorism and cyber-crime  security resilience
d) Burgeoning global population and increased urbanism - societal resilience.
In recent years the term resilience has been commonly used in government and also with built

environment professionals with resilience being a design objective for buildings and infrastructure
providing them the ability to absorb or avoid damage without suffering complete failure.  There is
some interchange in the use of resilience and future proofing.  A recent definition for infrastructure
future- , needs or events that
impact on particular infrastructure through its current planning, design, construction or asset
management processes (McFarlane et al.,

Below I describe a set of conditions which, if present, would go some way to determining a
-

a) Not promote deterioration  do no harm.  It is natural for all materials to deteriorate.  Future-
proof structures and products should not accelerate the deterioration of existing materials.

b) Stimulate flexibility and adaptability.  Future-proof interventions should not just allow
flexibility and adaptability, but also stimulate it.  Adaptability to the environment, uses,
occupant needs, and future technologies is critical to the long service life of a historic building.

c) Extend service life.  Future-proof interventions in structures and products should help to make
the building usable for the long term future  not shorten the service life.

d) Fortify against extreme weather and shortages of materials and energy.  Future-proof
interventions should prepare structures and products for the impacts of climate change by
reducing energy consumption, reducing consumption of materials through durable material
selections, and be able to be fortified against extreme natural events such as hurricanes and
tornadoes.

e) Increase durability and redundancy.  Future-proof interventions should use equally durable
building materials.  Materials that deteriorate more quickly than the original materials require
further interventions and shorten the service life.

f) Reduce the likelihood of obsolescence.  A future-proof structure or product should be able to
continue to be used for centuries into the future.  Take an active approach: regularly evaluate
and review current status in terms of future service capacity.  Scan the trends to provide a fresh
perspective and determine how your historic building will respond to these trends.

g) Consider long term life-cycle benefits.  Embodied energy in existing structures and products
should be incorporated in environmental, economic, social, and cultural costs for any project.

The set of conditions cover a variety of the issues professionals in the built environment currently
face  planning, design, technology, specific environmental conditions such as changing climate and
materials sourcing  and that engineers need to be aware of.

5 HOW IS THE BUILT ENVIRONMENT SECTOR RESPONDING?

To answer this question I will explore, through illustrative examples, the latest developments in the
following areas; Government policy; City planning; City metrics reporting; procurement strategies
the circular economy; product manufacturers; social value and industry standards, drawing
predominately on evidence from the United Kingdom.  This is not a comprehensive review, more an
illustration of the latest thinking and responses in certain aspects of the challenges described above.
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6 A POLICY RESPONSE TO RESILIENCE

The Cabinet Office of UK Government has prepared Sector Resilience Plans that set out the resilience
of each national infrastructure sector to the relevant risks identified in the National Risk Assessment.
The National Risk Assessment is the main document Government uses to assess the major threats
(malicious terrorist attacks) and hazards (non-malicious risks such as human and animals diseases,
industrial accidents and industrial action, natural hazards such as flooding and drought) the UK could
face in the next five years.  A public summary is available (Cabinet Office, 2012).

The Plans are placed before Ministers to alert them to any perceived vulnerabilities, with a
programme of measures to improve resilience where necessary.  Within the national infrastructure,
there are certain critical elements, the loss or compromise of which would have a major impact on the
availability or integrity of essential services leading to severe economic or social consequences or to
loss of life in the UK.  These critical elements make up the Critical National Infrastructure (CNI).  The
national infrastructure is categorised into nine sectors: Communications, Emergency Services, Energy,
Finance, Food, Government, Health, Transport and Water.

functioning of the country and the delivery of the essential services upon which daily life in the UK
.  (Cabinet Office, 2014)

7 STANDARDS

7.1 City Reporting: A New Standard for City Metrics

In this age of urbanization, city indicators can be used as critical tools for city managers, politicians,
researchers, business leaders, planners, designers and other professionals to help ensure policies are
put into practice that promote liveable, tolerant, inclusive, sustainable, resilient, economically
attractive and prosperous cities globally.  With this in mind an International Standard on City
Indicators was developed by an international stakeholder community.

Established in 2014 the ISO 37120:2014 covers the following themes: economy; education; energy;
environment; recreation; safety; shelter; solid waste; telecommunications and innovation; finance; fire
and emergency response; governance; health; transportation; urban planning; wastewater and water
and sanitation.  It further defines 100 city performance indicators that could or should be measured,
and how.  Specifically, ISO 37120 defines 46 core and 54 supporting indicators that cities either

.  ISO 37120 conformance will require third
party verification of data, and the organization is in the process of defining an audit process with pilot
cities.  ISO 37120 also provides for a set of profile indicators, such as population and GDP, to help
cities determine which cities are most relevant for comparisons.

The benefits of standardized indicators:
a) More effective governance and delivery of services
b) International benchmarks and targets
c) Local benchmarking and planning
d) Informed decision making for policy makers and city managers
e) Learning across cities
f) Leverage for funding and recognition in international entities
g) Leverage for funding by cities with senior levels of government
h) Framework for sustainability planning
i) Transparency and open data for investment attractiveness
j) Data is moving fast  big data and the information explosion  ISO can help to give cities a

reliable foundation of globally standardized data that will assist cities in building core
knowledge for city decision-making, and enable comparative insight and global benchmarking
(http://www.iso.org/iso/37120_briefing_note.pdf accessed 1/03/20152)

The World Council on City Data is leading the efforts on global implementation of the standard by
various cities.  It coordinates efforts on open city data to ensure a consistent and comprehensive
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platform for standardized urban metrics.  The WCCD is a global hub for creative learning partnerships
across cities, international organizations, corporate partners, and academia to further innovation,
envision alternative futures.  (http://www.dataforcities.org/About_us.html accessed 28 March 2015)

7.2 Industry Standards  A Standard for Infrastructure Carbon Measurement

-site
built-in economic infrastructure.  There is sparse information on: how leading organisations measure
and manage their carbon; what best practice looks like; how best to move from developing a number
i.e. a carbon emission to creating value;  how we compare and measure leading innovation; how do
we get consistent measurement methodology through the value chain.  This was apparent through the
research commissioned by the Infrastructure Working Group of the Green Construction Board and
HM Treasury.
2013), identified the need for a standard on how best to measure and manage carbon in infrastructure.

The principal purpose of the Infrastructure Carbon Publicly Available Standard (PAS) is to define
good practice in the measurement and management of carbon in UK economic infrastructure.  The
Infrastructure Carbon PAS will be targeted at individuals or groups who are or want to be low carbon
practitioners in all the sectors of UK economic infrastructure and it will satisfy Action 8 of the ICR.

By providing clear guidance on the measurement and management of carbon, the Infrastructure
Carbon PAS will enable consistency across each sector and throughout the value chain.  This is
intended to join up the value chain and provide orthodoxy for consistent decision making.  As well as
consistency in reporting data on measured projects so that more informed investment choices and
decisions can be made at earlier stages in future projects when more opportunities exist to make real
carbon savings.

The PAS will be developed over 2015 and will be available for use in 2016.  In developing the
Infrastructure Carbon PAS, the following key principles will adhere:

a) It must drive towards reduced carbon and reduced cost
b) It must be relevant to all parts of the value chain as defined in the ICR
c) It must be as clear and simple as possible

and it should be sufficiently specific to prevent spurious claims of carbon reductions, but it should not
constrain future developments and innovations by being over-specific.  It should be able to mitigate

emissions to another asset or sector.
In general, the scope will mirror that of the ICR, therefore it will encompass:
a) UK economic infrastructure (Communications, Energy, Transport, Waste, Water)
b) Whole life carbon (including Capital, Operational and End-user Carbon)
c) Carbon that is under the control of UK economic infrastructure
As a minimum, the Infrastructure Carbon PAS will address the following aspects of the

measurement and management of carbon in infrastructure:
a) How to define baselines
b) How to set appropriate targets
c) How to select appropriate tools/carbon models
d) How to establish effective KPIs and reporting
e) How to establish effective governance

In addition, it is anticipated that the Infrastructure Carbon PAS will address:
a) Measuring/managing carbon on both investment programmes and individual projects
b) Using carbon in optioneering and assessing innovations
c) Using carbon estimation techniques that are appropriate to the development of detail

throughout the delivery process
d) Defining appropriate boundaries for carbon assessment
e) Defining the inputs and outputs required from carbon measurement tools
f) Encouraging outcome-based specifications
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Finally, the PAS is not about: other aspects of the wider sustainability agenda; investing in
renewables and decarbonising the grid; carbon associated with power generation; carbon that is not
under the control of the infrastructure sector  end user carbon; climate change adaptation.  It will also
not address: buildings that are not part of economic infrastructure; national policy; carbon that is
beyond the control (but within the influence) of economic infrastructure; and carbon at an individual
corporate level.

8 PROCUREMENT STRATEGIES AND NEW BUSINESS MODELS

8.1 The Circular Economy

In Europe the megatrends of over consumption through population and resource scarcity has led to
policy makers and business exploring the concept of the circular economy is gaining much interest in
Europe.  It promotes an alternative from the current linear business model where a resource is sourced,
manufactured/processed, utilised then disposed of, to one that continues to use the material either by
re-use, recycling or changing into another state, but not wasting it.

across Europe.  In Copenhagen, Denmark projects are looking at construction waste and finding ways
to use to use locally as a resource (Michael Johansen (www.cleancluster.dk, in pers comm, March
2015).

A4 with offices, hotels and other facilities is currently deploying the principles of the circular
economy.  It is also attempting to make the links between property and health and well-being.  For
example the public realm design to encourage activity, and the choice of in-door finishes to promote
health benefits.
incorporate the circular economy (http://www.deltadevelopment.eu/en/sustainability accessed March
2015).

In the UK, the environmental forum comprising of the 33 companies of the UK Contractors Group
have drafted a position statement, with the intent to work on the topic (Andrew Kinsey, in pers comm.
March 2015).  Some construction projects have been designed to incorporate the circular economy
and organisations like the Ellen MacArthur Foundation are bringing businesses together to learn from
each other.

8.2 Case Study of Gypsum

A current European collaborative project between the recycling industry, the demolition sector and the
gypsum industry (LIFE ENV/BE/001039) is assessing how to improve gypsum resource efficiency.

Gypsum products such as plasterboards and blocks can be counted among the very few
- .  The recycling process separates

gypsum from paper.  Both materials return in their original products.  The overall aim of the
collaboration is to transform the gypsum demolition waste market to achieve higher recycling rates of
gypsum waste, thereby helping to achieve a resource efficient economy.  A video of closed loop
illustrates this (https://www.youtube.com/watch?v=FyK4f8eTB1A&feature=youtube).  Similarly, the
construction product manufacturer, Saint Gobain has a similar project for glass, where glass is
carefully removed during the demolition phase (Bekir Andrews, pers. comm. April 2015).

9 PLANNING AND DESIGN: FLOOD RESILIENCE

The Environment Agency suggests that over 5.2 million homes in England are at risk of flooding from
rivers, sea or surface water.  This equates to 1 in 6 homes.  Annual costs of flood damage are currently
at least £1.1 billion (due to all sources) and are expected to rise in coming years as the risk of flooding
increases due to climate change.  Currently 490,000 properties have a 1 in 75 or greater chance in any
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given year of flooding (from coastal waters or rivers) but by 2035 this will have increased by more
than 350,000.  In Scotland, there are currently estimated to be 2.5 million properties at risk.  The
University of Manchester and the University of Manchester Metropolitan with the Building Research
Establishment with funding from the European Union have published a guide on flood resilience for
local authorities and professionals (White et al., 2013).

9.1 New Technologies and Products for Flood Defence

Across Europe, flooding has been traditionally managed by large scale, engineering solutions whereby
entire towns and communities are protected by hard flood defences.  Although such defences will still
have a role to play in creating resilient -
often occurs out-with the parameters of structural flood defences, requires a more effective and
adaptive flood management approach.  As such, attention has turned to integrating resilience into the
built environment.  Implementing flood resilience approaches could help the management of flood
water and speed up the recovery of people and places.  Flood resilience technologies are a cost
effective method of providing flood protection in the UK and there are a lot of properties, both homes
and businesses, which are at risk of flooding and would benefit from them.  Many available products
are low maintenance and are relatively cheap and simple installations.  There are also many products
which could equally be used to protect critical infrastructure elements from flooding.

For properties the main sources of water ingress from flooding have been researched and new
products to help are coming to the market.  For example, air bricks that are self-closing when or can
take a de-mountable cover (Photo 1).  Water enters through doors so new door guards are being
developed (Photo 2). Costs are currently £1000 for door and guards, £200 for air bricks.  Their
benefit is that they stop or reduce internal flood damage to property and to the contents, depending on
performance.  But if the water overtops the treatment then damage can still occur to the same extent,
so a good risk assessment is required.

Both temporary and permanent perimeter flood defence products have been developed (Photo 3).
They offer varying degrees of performance, for example temporary blow up plastic defences may leak,
whereas demountable schemes need a team that knows how to assemble and disassemble.  Some
barriers can be pre-installed with mechanisms that allow them allow them to close (Photos 4 & 5).
Costs are variable dependant on size and type with demountable and temporary measures cheaper than
pre-installed.  The benefits are that vital infrastructure and communication network protected and able
to continue to perform although maintenance access might be disrupted.  If the flooding tops the
barriers some damage will incur and another limitation maybe the potential to displace the flood
elsewhere.

Photo 1 Coves for air bricks (left);
self-closing air bricks installation and diagram of component parts (middle and right)
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Photo 2 Demountable door guards (top); built-in water defence (courtesy of Whitehouse) and flood-proof doors in
Germany but perforated bricks nearby reduce optimum performance (bottom)
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Photo 3 Temporary and demountable perimeter flood barriers
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Photo 4 Spring Dam prior to and after deployment: courtesy of TiltDam

Photo 5 Flood defence barrier

Design tools are being commercialised, one specific research project with EU and industry partner
Toumazis allows consultants to design flood barriers specific to particular project requirements and
derive the dimensions of the structural components.  The tool allows the user to select materials for
the pavement and flooded surfaces; investigate loading on flooded face, mounting mechanisms and
costs.

With more than 10,000 properties each year built in flood risk areas in Europe new building
products for flood defence properties will be required.  Innovation hubs in universities and research
are developing new products.  By way of example, two new products from the Building Research

.
Wall waterproofing is a common approach for flood risk, with such coatings as nanoShell Stone.

Based on UV and high pH-resistant silicon nanoparticles, the colourless, water-repellent coating of
nanoShell Stone can be applied to masonry, natural and composite stone.  Lasting up to 25 years
before re-application, the flood control coating maintains the original colour and texture of stone
while preventing water and frost damage, mould, salts and more from attacking a property.  Ensuring
minimal water damage in the event of a flood, the coating also increases the insulation capabilities of
a property and eliminates the need for cleaning as rainwater cleanses the surface.

Technitherm® is a cavity wall insulation that helps property flood resilience.  Flood waters can
penetrate unprotected cavity walls and cause major damage to the inner leaf, cavity wall ties, standard
(fibre, polystyrene bead), cavity wall insulation materials, plaster, electrical appliances, furnishings
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and decorations.  The cost of removal and/or drying out of saturated standard insulation materials can
be expensive and disruptive for many months once flood waters recede.  This flood resilient cavity
wall insulation is a closed cell, seamless rigid polyurethane system.  The solution will resist the
passage of flood water ingress through the cavity wall, and the insulation will remain serviceable after
the flood water is gone.  The cavity insulation helps stabilise and strengthen property walls in
preparation for flood risk, enabling them to withstand greater pressures from exerting flood water and
debris.  In a retrofit situation it provides a cost-effective alternative to metal cavity tie replacement and
also delivers thermal insulation.

9.2 New Property Flood Resilience Database for Insurers

In recent years there has been a change in approach in flood management, from large-scale,
engineered flood defences to one of flood resilience.  Flood resilience can occur at a local scale
(building to building) and requires householders to take responsibility for protecting their own
properties.  There has been great investment in flood resilience, particularly through property level
protection (PLP).  However, these improvements are not reflected in home insurance cover and
premiums, as insurers currently have no data to refer to in order to assess reduced risk.

This is perceived as a barrier to the uptake of flood resilience measures.  There is an increase in the
number of properties at risk of flooding, due to increased urbanisation and climate change which
results in more intense rainfall and more surface water flooding.  There are, therefore, a growing
number of householders who could benefit from flood resilience measures.  To address this in the UK,
the Building Research Establishment (BRE) has been working with the insurance industry, notably
AXA Insurance and Lexis-Nexis, on the difficulty of insurers accessing information on improvements
to buildings to manage flood risk.

The Property Flood Resilience Database (PFR-d) project is an Innovate UK funded feasibility
study for the development of a database which allows resilience improvements made to a property to
be lodged and 'scored' for use by the insurance industry.  This project has developed a PFR-d which
combines environmental datasets on flood risk with resilience measures installed at property level.
The PFR-d addresses a gap in the current data relating flood risk and resilience measures applied to
buildings.  This will assist in providing more appropriate insurance pricing in high flood risk areas, or
for properties which have suffered repeat flooding events.  The existing datasets used by the insurance
sector are flood risk data in the form of maps and exposure zones used to assess potential flood risk
(depth and return period) in the future.  The PFR-d allows insurers, local authorities and Government
agencies to take into account the investment made by the insured parties and others to protect
properties through implementing flood resilience.

An application for surveyors has also been developed, which can be used on-site, on a tablet or
smartphone, to help standardise the data that is collected on property flood resilience surveys.  This
data is added to the PFR-d, once it is confirmed that work is complete.  A PFR-d score is then
calculated, and integrated into insurers underwriting systems to allow them to assess the residual risk.

The next steps are to commercialise the prototype database.  This will include case study trials to
-d.  The PFR-d is owned through a

collaboration agreement by BRE, LexisNexis and AXA.

10 INFORMATION TECHNOLOGY AND COMMUNICATION: CASE STUDY OF

WIRELESS SYSTEM MONITORING

In the UK, the University of Cambridge the Centre for Smart Infrastructure and Construction's (CSIC)
research focuses on the innovative use of emerging technologies in sensor and data management (e.g.
fibre optics, MEMS, computer vision, power harvesting, Radio Frequency Identification (RFID) and
Wireless Sensor Networks).  These are coupled with emerging best practice in the form of the latest
manufacturing and supply chain management approaches applied to construction and infrastructure
(e.g. smart building components for life-cycle adaptive design, innovative manufacturing process,
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integrated supply chain management, and smart management processes from building to city scales).
(http://www-smartinfrastructure.eng.cam.ac.uk/)

Many of their innovations are coming to the market.  For example, with help from CSIC and
Costain, Crossrail in London  the largest infrastructure project in Europe - has deployed an intelligent
system using miniature wireless sensors, in a sprayed concrete lining (SCL) tunnel construction, at a
partially sealed adit complex at its Eleanor Street site.  The objective was to monitor the movements
of the adit in real-time while new tunnel and shaft excavations were conducted.  The system consists
of self- .
UtterBerry sensors have already won industry awards and nominations.

The installation of the 29 sensors, each weighing 15g, required one person, who placed the sensors
into position using just a 5m pole.  The sensors were placed to measure temperature and humidity, as
well as tunnel wall inclination and displacement in three axes.  This rich dataset ensures all significant
events are recorded and communicated in real-time, allowing engineers to quickly make better-
informed and cost-effective decisions and reach accurate conclusions regarding structural movements.

The sensors have been in operation since April 2014, remotely monitoring the condition and
structural health of the tunnel from their offices in a safe and effective manner.

The focus of new sensor systems for civil engineering application therefore should be to develop an
integrated framework for planning, deployment and management of the system so that users can trust
the data coming from it.  One of the main missions of CSIC is to demonstrate the performance of
various innovative sensor systems on real field sites.

In addition, CSIC technology CSattAR Photogrammetric Monitoring, a new digital image
correlation (DIC) technology has been successfully deployed at a number of tunnels in the UK and
abroad to monitor their structural behaviour - both long-term deformation and/or movement caused by
nearby construction activity.  The technology captures extremely precise movements at a wide range
of points and operates at a fraction of the cost of conventional alternatives.

11 THE ROLE OF THE ENGINEER: THE NEW AGE OF ENGINEERING

Engineers develop and improve the services and facilities that keep society functioning.  Citizens
everywhere rely on engineering every day for a variety of things: from supplying energy and clean
water to their homes, to processing and recycling their waste, to supplying transport and facilities for
healthcare and education, and finding solutions to problems such as improving air quality.

The challenges facing society  in part created by the megatrends described at the beginning of the
paper are not going to disappear.  The solutions involve engineers; this makes the role of the engineer
significant and challenging.  The engineering professions will need to maintain their specialisms but
also widen their knowledge base, as they will need to act as integrators interpreting the policy
requirements, keep abreast of technology advances and innovations, and demonstrate the need to
future-proof and de-risk both retro-fitting and new infrastructure developments.  One of the
recommendations in the State of the Nation (ICE, 2014) suggests dedicated multi-disciplinary
engineering teams should be seconded directly into the latter stages of significant research projects
with the task of implementing the benefits from academic research, so that they can be practically and
efficiently .  This I would support.  But perhaps go
further and challenge the training of today s new engineers and the professional development of the
existing engineers facing these challenges.  My point here is how best to up-skill and widen the
engineers skill set to they can successfully take on an integrator role.  There needs to be more
knowledge sharing amongst between engineers and other professions to help facilitate this up-skilling.
This has been recognised before and others have made similar requests; see for example Royal
Academy of Engineering (2010) publication Engineering a low carbon built environment.
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12 CONCLUSION

My conclusions based on this snapshot across the resilience landscape are about the inevitability of all
these areas of work coming together, integrated to deliver quality of life outcomes for end users.

The application of emerging technologies such as new sensor technologies to advanced health
monitoring of existing critical infrastructure assets will quantify and define the extent of ageing and
the consequent remaining design life of infrastructure, thereby reducing the risk of failure.  For new
infrastructure, emerging technologies will also transform the industry through a whole-life approach
to achieving sustainability in construction and infrastructure in an integrated way  design and
commissioning, the construction process, exploitation and use, and eventual de-commissioning.  The

iability of rehabilitation, repair and reuse.
This whole approach will feature resource efficiency, closed looped circular economy and

influence procurement strategies.  The outcomes of these activities will be measured and reported
using standardised approaches, such as for carbon, and they will feed into a greater understanding  of
how they deliver improvements in city living.  Engineers will need to adapt to the changing
marketplace, as their role as an integrator, understanding how the infrastructure system work, will
become increasingly more important.
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