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0

Summary

On the initiative of FEHRL, the European Commission has set up the innovation project “New Road
Construction Concepts (NR2C)”. The project aims to generate future-orientated initiatives for
accessibility problems and issues related to road infrastructure. NR2C develops long-term
perspectives, concrete pilot projects and research recommendations, linking long-term visions and
ideas to short-term actions. A vision reflecting society’s perception of road infrastructure in the year
2040 forms the basis of NR2C’s aim to identify and specify the research required in the field of road
engineering to guarantee comfortable and reliable ground transport in a sustainable and
environmental-friendly way for the coming decades. This vision can be considered a focus point for
policy makers and engineers in taking the right decisions with respect to use, design, construction and
maintenance of infrastructure.
Civil infrastructure systems represent huge public investments and are expected to provide services
for very long periods of time. Their use spans several generations during which society will experience
dramatic changes. This lengthy time span means that future developments in the transport of goods
and people must be assessed and planned well in advance in order to make the right choices for
today. Some current solutions might not resolve the problems of tomorrow. Looking ahead into the
future and considering probable developments in society enables us to search for proper solutions and
guards us from bad investments and major disappointments. This is why predicting and identifying the
needs of the future must become a more integral part of everyday work. The seeds of tomorrow’s
European road networks are sown today.
The NR2C project is a quest for conceptual and technical answers to the mobility and transport
demands of the future. This Vision 2040 of NR2C, describing how society may look on the year 2040,
focuses on changes in road concepts as a result of future needs and demands initiated by social and
economic developments and external transport-related technical advances. The status quo within
Europe varies, particularly between Eastern and Central Europe on the one hand and Western Europe
on the other. A different starting point for deciding on the future does not necessarily mean that the
image of the future in the various regions of Europe will differ too. Freedom of travel and
communication as well as freedom of exchanging information and technology will contribute to the
creation of a similar basic level of needs and demands all over Europe. The national or regional
culture, the economic situation and the political leanings of the authorities will determine the priority
and speed of implementation of trends and developments. The main differences will be equalised in
the year 2040. In most European countries the generic developments listed below will emerge sooner
or later.
Generic developments
•
•
•

Shortage of clean environment: including air pollution from cars
Shortage of energy: the natural oil resources are scraping the bottom of the barrels
Shortage of space: for housing, working, living, recreation and transport,

But also:
•
•

Increased demand for mobility: resulting from increase in leisure activities, for
example
Increased individual demands: everybody enjoys driving a car, but nobody wants
to see a road, hear the traffic or smell exhaust fumes.

Trends, technical advances and generic developments were placed in three extreme social settings or
scenarios in order to obtain a robust impression of the future. The actual future of 2040 will be a
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combination of these scenarios, so to some extend the images and expectations occurring in each
scenario are considered to be the main aspects or characteristics of the vision of the future. Nine
European countries have thus established their own image of the future by means of workshops.
These individual visions and several recently presented visions of other organisations formed the input
of the present NR2C Vision 2040. This vision is a realistic description of future society and shows how
the world might look in (in this case) thirty-five years and how society thinks about the use, design
construction and maintenance of infrastructure for the coming decades. The relevant aspect of the
vision have been labelled with typical characteristics showing the colour of the demands of the future
at a more recognisable level linked to the present jargon of policy makers and engineers concerning
road infrastructure. Clustering related characteristics produces a selected number of new road
construction concepts representing the major users and stakeholders’ requirements. The society of
2040 expects:
•

Reliable Infrastructure, standing for optimising the availability of infrastructure,

•

Green (environmentally friendly) Infrastructure, standing for reducing the environmental
impact of traffic and infrastructure on the sustainable society,

•

Safe and Smart Infrastructure, standing for optimising flows of traffic for all categories of
road users and safe road construction working,

•

Human (-friendly) Infrastructure, standing for harmonising infrastructure with the human
dimensions.

These four construction concepts form the framework to thinking about technical solutions and
research programmes. Comparing the future with the present situation produces the missing links with
respect to the road engineering. Lessons from the past have shown that radical breakthroughs in
technology will not occur from one day to the next, but are an accumulation of small stepping-stones.
So in order to be ready for the future, the first steps will have to be taken today. The four construction
concepts have been developed into main solution directions with the first stepping-stones.
The diagram below shows the process of transforming the vision into solutions.
From vision to solutions
Vision 2040

Characteristics Construction Concepts Directions for solutions

Reliable Infrastructure

• Lifetime engineering
• Fast, hindrance-free
maintenance
• Balancing demand and capacity
• Asset management tools

Green Infrastructure

• Saving natural resources
• Emission Control

Safe & Smart
Infrastructure

•
•
•
•

Human Infrastructure

• Public security
• Multi-functional use
• Human design

Available
Durable
Reliable
Energy efficient
Sustainable
Environment
Accessible
Smart
Safe
Multi-functional
Multi usable
Public security

Safe design
Smart design
Smart communication
Smart monitoring

The presentation of the research required to face the future in the domain of road engineering marks
the starting point for the real research and development processes. The creation of an innovation
susceptible environment and culture is essential in order to make these processes a success. All
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partners and stakeholders involved will agree that the recommended research programmes must be
carried out. However, visions and ambitions do not come cheap. One of the main questions will be
which of the partners will take the lead and be responsible for implementing these research
programmes.
In fact the road building market is more a closed than an open market, which is why the relationship
between client and supplier is different from that in a consumer market. Client and supplier, or
commissioning authority and contractor, are condemned to each other to a certain extent, certainly
with respect to innovation and knowledge development. Consequently, all parties involved have to
work together to guarantee continuity of developments in the sector. Because cooperation is so
crucial, it goes without saying that the dominant partners involved in the road building industry should
at least agree on and establish their roles and responsibility in development processes in advance.
Drawing up clear ‘Rules of play for innovations’ and adopting these roles and responsibilities is one of
the most essential ways of bringing the research projects recommended in the present document into
the implementation phase. These rules will help avoid frustration during the innovation process on all
sides and prevent money and energy being wasted. The diagram below shows the initial set-up for a
framework for these rules of play for innovations.
‘Rules’ of play for innovations
•
•
•
•
•
•
•
•

The contributions of the various parties to the
development costs.
The process to be followed with the innovation.
The decision moments during the process, including
criteria.
The expected completion time.
An estimate of the probability of success.
Risk spread.
How to deal with patents.
How to deal with specifications with innovations during
tendering.

Road transport is and will remain the dominant means of transport of people and goods for many
decades. The constant increase in the number of road vehicles and subsequent rise in traffic volumes
and axle loads together speed up developments like congestion, wear and tear of structures and, last
but not least, air pollution and noise emissions. And these developments are going fast, in any case
faster than usual over the past twenty years. The road building industry is faced with huge challenges,
including ambitious demands such as better, quicker and cheaper production, construction and
maintenance. To minimise downtime of roads for maintenance activities, the overall quality of the
constructions has to be upgraded. The time slots available for repair and rehabilitation works are
becoming tighter and tighter, meaning that maintenance techniques have to be speeded up.
Furthermore, the environmental regulations with respect to air pollution and noise emissions by traffic
and the use of natural raw materials are becoming more and more stringent. These developments are
also producing a new generation of questions and problems. It is up to the road building industry
amongst others to provide policy makers and road authorities with the right answers and solutions to
keep traffic running on a sustainable basis in Europe.
There is still plenty of progress to be made in the construction and maintenance of infrastructure.
However, the progress being made in optimising existing concepts will soon no longer meet the
demands and requirements and changes in the concepts will be necessary. To achieve these
ambitious goals, the sector must become more innovative and move faster towards redesigning
existing concepts. Therefore the introduction of new proven research technologies from other sciences
such as physics and chemistry is vitally important.

6

A new generation of problems requires a new generation of approaches in setting up research. In this
context and without minimising the importance of other projects listed, NR2C has selected a number
of projects as ‘Developments required’, needing special attention from all stakeholders involved.
Developments required:
•
•
•
•
•
•
•
•
•

New age binder design technologies.
Integrated models of urban (human) design.
Lifetime engineering for roads.
Asset management tools.
Modular prefabricated pavements.
Low temperature asphalt with reclaimed asphalt.
Bridge eco-assessment.
TYROSAFE: optimizing tyre-road interaction.
Energy controlled pavements.

These projects will provide the sector with new basic knowledge standards for trend setting
developments and innovations required to face the future with confidence. These ‘Developments
required’ projects are also synonymous with high research investments in the initial stage of
development through with European-wide cooperation and governmental support and funding are the
key factors to success.
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1
1.1

Introduction
Scope of the NR2C project

New Road Construction Concepts (NR2C) is an innovation project of the European Commission. The
project has to provide future-oriented initiatives for problems of accessibility and issues related to the
road infrastructure, in dialogue and cooperation with external partners such as special interest groups,
experts and users. NR2C develops long-term perspectives and concrete trial projects and
demonstrations, in which long-term visions and ideas are linked to short-term action. ‘Dialogue and
cooperation’, ‘Creativity and innovation’ and ‘Short-term and long-term’ are the main ingredients of
NR2C. NR2C is a quest to find conceptual and technical solutions for mobility and transport demands
of the future with special attention for the hardware related aspects of road engineering. The design
(tuning the road to its environment), construction, maintenance and rehabilitation (technical and
engineering aspects) of roads in the future are the main issues addressed in NR2C. Advances in
external transport-related technology like traffic management systems and intelligent vehicles will be
taken into account only when such developments have consequences for the design and construction
of the road. In this context, NR2C’s research projects proposed in this document claim to be an
important deepening and completion of the wider strategic research programs of ERTRAC, FEHRL
and ECTP in the field of road engineering. An outline of the most urgent research projects in the field
of road engineering completes this document.

1.2

Road Engineering Vision

Today, a world without roads, cars, motorcycles and bicycles is almost unimaginable. The entire road
infrastructure with its diversity of transport concepts now has a prominent − almost dominant – position
in our society. The question is therefore not so much whether there will still be a road infrastructure in
the future, but rather how will society view these mobility facilities in, say, thirty or forty years’ time.
Comparing the road infrastructure and means of
transport of today with those of forty years ago,
it becomes clear that in the next forty years’ time
everything will again look a lot different to how it
looks today. Societies are constantly developing
and, consequently so are people’s requirements
regarding the use, structure and design of the
road infrastructure − not just roads in urban
areas (urban roads), but also the motorways
(interurban roads) between the major European
cities. It is also quite conceivable that the future
construction and design of infrastructure
constructions such as bridges and tunnels will
be subject to different requirements. In view of
the lengthy time span of 10 to 15 years between
planning infrastructure facilities and its actual
completion, followed by an operational period of at least 25 years, more clarity of these future needs,
demands and requirements becomes essential in order to make the right choices for today. Making
the future more identifiable and tangible reveals the gaps of knowledge and indicates which new
technologies will have to be developed to meet the future demands and requirements.
Besides generic developments like shortage of clean environment, space and energy, spotting and
extrapolating the social and economical trends and technical advances offer starting-points for forming
a more realistic image of the future and the associated needs and demands related to road transport.
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The results of these exercises have been presented by NR2C in its document “New Road
Construction Concepts: Vision 2040”. Within the framework of this NR2C project, this vision is a
realistic and most likely description of future society and shows what the world might look like in (in
this case) thirty-five years and how society thinks about use, design construction and maintenance of
infrastructure for the coming decades. This Vision 2040 has provided the basis of NR2C’s aim to
identify and specify the research activities, required in road engineering to guaranty to some extend
convenient, comfortable and reliable ground transport in the next decades.
The present document is a follow up of NR2C’s Vision 2040 report and looks more deeply into the
research activities required to produce real progress in facing the future demands of society, road
authorities and other stakeholders. For a better understanding of this finishing touch and placing
NR2C’s recommendations in the right framework, relevant passages from the Vision 2040 document
will return in this present document.

1.3

Developments required

The 'Vision 2040' document concludes that future infrastructure research must be focused on a set of
four main social questions/demands. These are the 'new road construction concepts’: Reliable
infrastructure, Green infrastructure, Safe & Secure infrastructure and Human infrastructure. Each
concept has been developed into various 'directions of solution' or 'domains of research, including
examples of potential projects. All these projects reflect a common interest within Europe of both the
public and the private partners in the field of road engineering.
It is common knowledge that the road-engineering sector does not have the appeal of the most
sparkling innovative industry. Through incremental upgrades, the road-engineering sector has been
able to meet the growing road transport demands over the last decades. Without drastically changing
the concepts of design and methods of physical/mechanical material testing, the sector has managed
to improve the performance of road infrastructure and related components.
The complexity of infrastructure works and the complexity of the problems requiring solutions are
growing. Due to their technical limitations, existing concepts, common models and testing facilities will
no longer be able to generate adequate solutions in the long run. A new generation of problems
requires a new generation of approaches to setting up research. However, lack of adequate
investigation tools and fundamental knowledge about the subject make it difficult to provide solutions
of the quality required and thus hinder trend-setting developments.
This situation sounds familiar to every European country. Notably with respect to the road
infrastructure sector, terms like ‘traditional’, ‘conventional’ and ‘lack of sex appeal’ are frequently used
to describe the sector. Nevertheless in many/most European countries, the need to develop
fundamental knowledge about the subject is hampered by lack of interest among policy makers and
consequent lack of funding. At national level, the motto is ‘Wait and see’. At times however, new
sources of more sophisticated and relatively fundamental knowledge must be tapped to offer the
market impulses for developing new products, concepts, models and technical tools. In view of the
common interest, particularly projects crossing the traditional borders need a European-wide
investigation and cooperation impulse.
NR2C stands for ‘Let’s go and see’ instead of ‘Wait and see’. Without diminishing the importance of
other projects listed, NR2C has selected a number of projects requiring the special attention of all
stakeholders involved. For each of the four road construction concepts suggested, a few critical
projects are recommended in Chapters 3 to 6 under the denominator ‘Developments required’. These
projects will provide the sector with new basic knowledge standards for trend-setting developments
needed to face the future with confidence.
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2
2.1

New Road Construction Concepts
Vision 2040

The seeds of tomorrow’s European road networks are sown today. The lengthy time span between
planning infrastructure objects and its actual completion force policy makers and road engineers to
take long views. Neglecting the future can result in disinvestments because of the increased risk that
the functionality of the planned new infrastructure becomes outdated soon after completion. Although
nobody is capable of predicting the future exactly, it becomes less mysterious by means of spotting,
interpreting and extrapolating social, economical and mobility related trends and technical advances.
A confrontation of these trends with the general generic developments, which will emerge in all
European countries sooner or later, will help to give still more clarity of the potential image of the
future.
Generic developments
•
•
•

Shortage of clean environment: including air pollution from cars
Shortage of energy: the natural oil resources are scraping the bottom of the barrels
Shortage of space: for housing, working, living, recreation and transport,

But also:
•
•

Increased demand for mobility: amongst others resulting from increase in leisure
activities and increasing of single households,
Increased individual demands: everybody enjoys driving a car, but nobody wants
to see a road, hear the traffic or smell exhaust fumes.

In accordance with democratic constitutions, the best predictable image of the future will be a
balanced mixture of all these – to a certain extent – conflicting trends and developments. There must
be sufficient focus on the economic interests of well functioning infrastructure and other public spaces
as well as the impact of this use on the neighbours (communities and natural habitats) of these
infrastructure and public spaces.
Starting from the same ingredients (trends, developments and technical advances), nine European
countries have established their own image of the future by means of workshops. These individual
visions and several recently presented visions of other organisations have been fused to NR2C’s
Vision 2040 with respect to road transport. A brief impression of this vision with its typical
characteristics in bold type is given below.
High priority will be attached to the environmental friendliness of road transport. New transport
systems such as road trains combined with advanced traffic management systems provide efficient,
smooth and low energy transport of goods. Zero emission vehicles with silent tyres, combined with
new noise absorbing road surfaces will reduce air and noise pollution. Underground or covered roads
will improve the aesthetic features of the infrastructure and create space for new, non-transport related
functions. Multi functional use of the third, vertical dimension of the square meters occupied by
infrastructure is being planned. In this context, special attention is paid to public security. Due to lack
of space for excessive expansion of road networks, city planners have returned to the principle of
compact cities in order to reduce traffic demands. As a result of this compact city concept, suburban
roads are transformed into multi-usable streets serving the safety of all kinds of users of the public
space. However, expansion of road networks in urbanised areas will only be considered if it can
provide a major contribution in terms of relieving congestion. Thus traffic congestion will continue to be
a familiar problem. The image of an environmentally-friendly sector with high sustainability standards
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will be completed by maximising the recycling of demolition waste to minimise the use of new raw
materials and the subsequent impact on natural resources and habitats.
The economic interest of road transport will be served by infrastructure that is reliable and available
around the clock. New construction and maintenance techniques have been introduced to upgrade
and rehabilitate the old (existing) network and to build new roads to complete the networks fast and
cost-effectively. Roads are built to high quality and durable standards, resulting in low maintenance.
The need for low maintenance helps minimise ‘downtime’ and optimises availability of the road
network. Road construction becomes flexible by designing according to a modular multi-layer concept.
Smart and fast maintenance techniques are developed to reduce ‘downtime’ of the road, for example
surface treatment sprays to revitalise
surface properties and prefab surface
layers (pavement on a roll) allowing
partial and rapid replacement and
upgrading
of
pavements.
New
intelligent in-car techniques, smart
road and travel management systems
will increase the capacity of roads as
well as reduce the number of
casualties. Dedicated lanes have been
introduced on a wide scale to give
priority to certain types of vehicles, e.g.
long
distance
transport
lanes
(interurban) and separate lanes for
buses and bicycles in urban and
suburban areas. The road area will
also be used more dynamically. The introduction of variable lane configurations during the day
responds to changing demands at different times of day. Finally, to reduce the traffic demand, public
transport facilities provide seamless connections to private transport. Access to convenient
transportation for people of al ages, incomes and physical abilities is the ultimate requirement in
responding to the mobility demands of the year 2040.

2.2

Concepts and solutions

Based on today’s expectations, the vision 2040 reflects society in the year 2040 with the emphasis on
the use and perception of road infrastructure. The vision represents the demands and requirements
made by society in 2040 on the road infrastructure. Amongst other things, the infrastructure must be
reliable and environmentally-friendly in use, durable and sustainable of construction and available and
accessible to all categories of users around the clock. Such demands and requirements for the future
are ambitious and challenge the sector to fulfil expectations. At the same time, these demands and
requirements are important to enable policy makers to make the right choices and decisions today,
because the seeds of tomorrow’s infrastructure must be sown today.
After presenting the future demands and requirements, the main questions are “How to meet this
future” and “How to prepare the sector for solving the complex and challenging questions which will
emerge”. Comparing the future with the present situation reveals the differences between today’s and
tomorrow’s demands and requirements, but still does not show the steps which have to be taken to
bridge these differences. In this context, a long list of demands and requirements, some of which are
complementary and contradictory, disrupts a clear and effective discussion. Too many focus points
with respect to the future cause confusion and debate. For stimulating, fresh provocative discussions
resulting in innovative ideas, the long list of future demands and requirements has been reduced to a
selected number of challenging statements. Statements which can easily be remembered by
everybody and which at the same time provide food for thought.
The relevant aspect of the vision have been labelled with typical characteristics (bold type in the
previous section) showing the colour of the demands of the future at a more recognisable level linked
to the present jargon of policy makers and engineers concerning road infrastructure. Clustering related
characteristics produces this selected number of statements, called new road construction concepts
11

in the context of NR2C, representing and expressing the major users and stakeholders’ requirements.
The society of 2040 expects:
•

Reliable Infrastructure, standing for optimising the availability of infrastructure,

•

Green (environmentally-friendly) Infrastructure, standing for reducing the environmental
impact of traffic and infrastructure on the sustainable society,

•

Safe and Smart Infrastructure, standing for optimising flows of traffic of all categories of road
users and safe road construction working,

•

Human (-friendly) Infrastructure, standing for harmonising infrastructure with the human
dimensions.

These four concepts apply to the three fields of the NR2C project: urban and interurban roads and
constructions. Society demands reliable, green, human, safe and smart infrastructure in a stable
composition. Of course this composition will differ in detail with regard to urban and interurban road
infrastructure and structures, but similar basic questions apply to both engineering fields, resulting in a
limited number of similar categories of solutions. These solutions are not strictly connected to one of
the concepts by definition, but will generally contribute to several concepts. The main subject or aim of
a solution or project determines the allocation to one of the concepts, but as a matter of accuracy it is
important to take into account the possible benefits for the other concepts as well.
These four construction concepts formed the framework of thinking about technical solutions and
research programmes. They have been applied as starting points for debates with scientists,
engineers and other stakeholders. By asking questions like: "What are the basic elements of green
infrastructure?” and “What needs to be done to create a green infrastructure?” the four concepts have
been developed into long lists of ideas and suggestions for projects. Recapitulation of these lists
shows similarities and relations between ideas and suggestions, resulting in a selected number of
clear and recognisable main solution directions for every concept. Concepts and directions for
solutions reflect the main problems facing modern policy makers and help them placing projects and
research programmes in the right context.
The transformation of the vision 2040 into new road construction concepts with solution directions has
schematised in the figure below. In the next chapters 3 up to 6 concepts and directions for solutions
will be explained and developed further.
From vision to directions for solutions
Vision 2040

Characteristics Construction Concepts Directions for solutions

Reliable Infrastructure

• Lifetime engineering
• Fast, hindrance-free
maintenance
• Balancing demand and capacity
• Asset management tools

Green Infrastructure

• Saving natural resources
• Emission Control

Safe & Smart
Infrastructure

•
•
•
•

Human Infrastructure

• Public security
• Multi-functional use
• Human design

Available
Durable
Reliable
Energy efficient
Sustainable
Environment
Accessible
Smart
Safe
Multi-functional
Multi usable
Public security

Safe design
Smart design
Smart communication
Smart monitoring
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2.3

Projects and Developments required

It is common knowledge that the road-engineering sector is known as traditional and conventional. It
does not have the appeal of the most sparkling innovative industry. Because of the empirical character
of road engineering and the relatively traditional and conventional research and testing equipment
available, the process of wide-scale practical implementation of a simple idea into an existing concept
or product normally takes several years.
Nevertheless, by means of such incremental upgrades the road-engineering sector has been able to
respond to the growing road transport demands over the last decades. Without drastically changing
the concepts of design, constructing and the conservative methods of physical/mechanical material
testing and research, the sector has managed to improve the performance of road infrastructure and
related components. Learning on the job, long-term performance tests in practice and many other
forms of comparative empirical research in this period have provided a great deal of knowledge and
expertise to answer the questions of today and even many questions of tomorrow. Incremental
upgrading through optimising and extrapolating existing traditional concepts produces ‘more of the
same’ solutions and keeps the road engineering sector in a stand still atmosphere.
The complexity of infrastructure works and consequently the complexity of the problems to be solved
are increasing. Furthermore, the implementation processes of past years no longer fit the modern
slogan of ‘time is money’. Because of their technical limitations, existing concepts, common models
and testing facilities will no longer be able to generate the right solutions at the right time in the long
run. The new generation of problems and demands requires relatively quick, fresh and more
sophisticated approaches for finding reliable and adequate answers. And this new generation of
questions is already emerging on a daily basis. The sector is already faced with numerous questions
requiring a new type of research and more fundamental knowledge of the subject. However, lack of
adequate investigation tools makes it difficult to provide acceptable answers and thus hinder trendsetting developments.
This situation sounds familiar to every European country. One way or another, fear of the unknown,
the uncertainty of fast results and relatively high initial investments block any serious new
developments at national level. In this setting, the motto of ‘Wait and see’ over rules the diversity of
initiatives suggested to push the sector into new challenging and promising directions. Running up
against the limitations of existing conventional approaches, the time has come to cross traditional
borders and enter a new world with new possibilities. At such times, new sources of more
sophisticated and relatively fundamental knowledge must be tapped to offer the market impulses for
developing new products, concepts, models and technical tools. In view of the common interest,
particularly projects crossing the traditional borders need a European-wide investigation and
cooperation impulse.
NR2C stands for ‘Let’s go and see’ instead of ‘Wait and see’. Without diminishing the importance of
other projects listed, NR2C has selected a number of project calls requiring t he special attention of all
stakeholders involved. These projects, labelled as ‘Developments required’, stand out from the other
projects because they:
•

Cross the traditional borders of common research approaches,

•

Incorporate knowledge from other sciences,

•

Provoke and challenge engineers to cross the borders of traditional solutions,

•

Provide fundamental basic knowledge for break through inventions,

•

Are important to all European countries.

For each of the four road construction concepts suggested, a few critical projects are recommended in
Chapters 3 to 6 under the denominator ‘Developments required’. These projects will provide the sector
with new basic knowledge standards for trend-setting developments needed to face the future with
confidence.
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3
3.1

Reliable Infrastructure
Scope of the concept

Roads are the lifeblood of European trade and social utility. Despite the increasing focus on the use of
other modalities like railway, shipping and all kinds of public transport, roads carry by far the majority
of land freight transport and passenger traffic. Keeping this traffic rolling is the main concern for the
road authorities. Building new roads or expanding square metres of asphalt might seem the obvious
way to do this. However, the demand for ‘traffic space’ will always exceed the supply. Congestion-free
road transport continues to be an issue but will become an obsession: traffic jams are a fact of life.
Above all, the concern extends to conserving the current network and upgrading the existing
structures to provide the quality standards of the future: reliable and available around the clock at
socially acceptable costs.
Reliable Infrastructure
Availability and reliability are the key issues of durable infrastructure, which means high quality and
low maintenance of the construction parts of the infrastructure. In the case of maintenance, the impact
of these activities on the traffic flow must be minimal. Upgrading this infrastructure is possible without
dismantling the existing construction. Reliable infrastructure stands for optimising the availability of
infrastructure.

3.2

Directions for solutions

Designing and constructing according to the philosophy of ‘Lifetime engineering’ affords challenges
to road engineers and economic perspectives to road authorities. Lifetime engineering takes into
account all transport-related costs by decision-making. The initial costs of structures will no longer be
the only dominant factor; maintenance costs including the economic loss of traffic jams due to
maintenance work will also play a role. Durable or long life infrastructure with low maintenance is the
key to reliable infrastructure in the future. Because of the limitations of current construction materials
to bear the increasing traffic loads, new materials and products will have to be developed. A better
understanding of the failure mechanisms is an essential stepping-stone for that purpose. Road
engineering research must increasingly cross the boundary into the world of physics and chemistry
and apply their technologies, such as
micron and nano techniques, to
discover the phenomena forcing the
degradation
of
construction
components. Understanding what is
really happening in practice supports
the proper design of new products
and leads to performance-based
testing. On this basis, requirements
and
contracts
that
are
fully
performance-based will be applied in
the road construction sector. These
enable fast implementation of new
products and stimulate innovation in
general.
Even the most durable infrastructure cannot escape maintenance from time to time. To minimise the
impact on the availability of the infrastructure, fast, hindrance-free maintenance techniques must be
developed. In fact the foundation of these solutions is laid at the design stage of structures by
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remembering that maintenance will be necessary one day. Thinking and designing in terms of building
structures from standard prefabricated components and separating long life (bearing) and short
lifetime (surface layers) construction parts is one of the first steps. Assembling prefabricated standard
modules and components will reduce both the construction phase and the rehabilitation period. In
many cases, the degeneration of infrastructures occurs at the surface (loss of stones, skidding,
cracking). A new line of surface treatment products must be developed to conserve and revitalise
surfaces in the early stages of degradation, thus postponing replacement or more major maintenance
work. Preventive spraying with these revitalising products could potentially be a rapid and extremely
cost effective method of lifetime extension. Where road or lane closures are inevitable, the use of
smart solutions like temporary bridge roofing over the maintenance work is a great step forward. A
temporary bridge allows traffic to pass the work site without delay and also reduces the risk to the lives
of the maintenance workers.
Balancing demand and capacity to optimise the use of the existing infrastructure primarily requires
good traffic management. In finding and achieving the right balance between demand and capacity,
road-engineering activities are regarded more as an aid or supporter than a dominant partner.
Nevertheless many traffic management measurements have an impact on the structural behaviour of
infrastructure because of changes in loading. Optimising the availability of the existing networks can
be effected by a combination of canalising traffic flows into destination or car category on the one
hand and applying a flexible geography of the cross section of the road on the other hand.
The introduction of dedicated lanes, e.g. long distance and short distance traffic (in combination with
reduction in the number of entries), good transport, public transport and toll lanes, will improve the
availability for the economically crucial categories of transport. Permission to use the hard shoulders
during rush hours creates extra
temporary capacity. Nightly time slots
for driving road trains over the left lane
of highways, for example, create a
better balance between demand and
capacity during the day. The
development
of
dynamic
road
markings (switch on or off) offers new
perspectives for directing the available
capacity according to place and time.
Automatic lane changes turning the
travel direction, temporarily narrowing
the width of lanes (in combination with
speed limits) to create an extra lane in
cross section become serious options
for optimising the road systems.
Besides permanent infrastructure,
“infrastructure on demand” can complete the infrastructure of tomorrow if necessary. Floating roads
and temporary bridges provide extra capacity on demand in cases of huge manifestations and road
closures due to maintenance activities.
The more traffic on the roads, the higher the sensitivity of the road systems to disruption in the traffic
flows resulting from accidents and maintenance work. Good asset management tools must be
developed to support decision-making by road authorities with respect to maintenance strategies and
reserving funds for conservation of the road networks. Monitoring systems to quickly establish the
condition of the infrastructure, performance models for structures, materials and maintenance
techniques to forecast maintenance and in this context determine hard and smart intervention levels
for maintenance from the safety point of view become the basic requirements of modern network
management.
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3.3

Projects required
RELIABLE INFRASTRUCTURE

Directions for solutions

Projects and key issues

Lifetime engineering

•

Research performance and failure mechanisms by means of
micron and nano technologies in order to develop high
performance materials and maintenance technologies.

•

Achieve high quality performance levels to guarantee around the
clock availability e.g. by developing more durable materials to
reduce need for maintenance.

•

Develop modular roads assembled from standard modules
(preferably based on European standard dimensions),
prefabricated under controlled circumstances, based on the
concept of functional separation of long lifetime and short lifetime
components, including the whole production chain.

•

Design constructions and maintenance techniques including
materials to minimise the impact of maintenance activities on
traffic flows, like

Fast hindrance free
maintenance

Balancing demand and
capacity

Asset management tools

o

High speed techniques for replacing thin surface layers;

o

Hindrance free maintenance techniques for underground
utilities;

o

Hindrance free winter maintenance techniques;

o

Temporary by-passes (temporary bridges);

o

Self-cleaning and regenerating surface layers;

o

Sprays to renew or revitalise surface characteristics to
postpone major maintenance work.

•

Design infrastructure with options for (temporarily) increasing road
network capacity by means of dedicated lanes, temporary
bypasses, flexible lane width and lanes with the ability to change
travel direction depending on traffic demand.

•

Accommodate infrastructure requirements and interactions with
new transport systems like road trains and Bus Rapid Transit
(BRT).

•

Develop hindrance free self-diagnostic real-time monitoring and
inspection techniques in order to optimise maintenance planning
and prevent low performance surprises.

•

Design European-wide standard performance indicators and
intervention levels for surface characteristics.

•

Develop or upgrade in-situ sensors and Specialist Survey
Vehicles in order to develop performance models for maintenance
management systems.

•

Develop European quality management systems for construction
companies.

•

Develop knowledge about lifecycles analyses (LCA) and translate
this into tools for decision-making.
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3.4
3.4.1

Developments required
New age binder design (nano) technologies

By means of incremental upgrades, the road-engineering sector has been able to meet the growing
road transport demands over the last decades. Without drastically changing the concepts of design
and the methods of physical/mechanical material testing, the sector has managed to improve the
performance of road constructions and asphalt mixes. Learning on the job, long-term performance
tests in practice and many other forms of comparative empirical research in this period have produced
a great deal of knowledge and expertise. However availability of knowledge and expertise does not
mean that road engineers fully understand the behaviour and performance of the structures and
materials they are working with. For instance ‘healing, stripping and ageing’ of asphalt are well known
phenomena affecting the long-term behaviour and performance of pavement constructions. Everybody
in the sector also knows that the production and application of asphalt mixtures in combination with
the quality of the ingredients of the mixtures and conditions of everyday use affect the extent to which
these phenomena appear. But nobody can explain which physical and chemical processes are the
actual driving forces of these phenomena. Despite the increased accuracy of measuring deformations
and stresses, the current mechanical and physical test equipments, based on beating, pulling pushing
and bending specimens, are unable to detect these phenomena either. These tests have been
designed for comparative research to separate chaff from wheat and are incapable of predicting the
long-term behaviour and performance of pavement materials and mixes.
Better understanding of the behaviour and performance of asphalt layers requires knowledge about
the intrinsic properties of the asphalt components, starting with the most dominant and expensive
ingredient with respect to lifetime properties: the bitumen or binder. Knowledge about the changes of
the intrinsic properties of binders during the entire life cycle of asphalt is essential for managing and
controlling the above-mentioned phenomena from the start. For example, which molecules are
responsible for the adhesion with aggregates and which for visco-elastic behaviour? The physical and
chemical processes during production, processing and use of the asphalt mixtures undoubtedly
produce mutations of the molecules inside the bitumen. How and to what extent? Answering these
questions will make it possible to create tailor-made bitumen (including bio or agro binders and other
substitutes) and asphalt mixtures of higher qualities. To develop this knowledge, the road-engineering
sector must cooperate with other disciplines like physics, chemistry and biology and apply their micron
and nano research technologies. The potency of these new technologies has been demonstrated in
many other sectors. With respect to the building sector, for example, these technologies have
contributed to the development of self-healing concrete and coatings. The introduction of these
technologies in the road-engineering sector is also strongly recommended by ERTRAC in the
Strategic Research Agenda.
The aim of the proposed project is to stimulate and promote the application of micron and nano
technologies for research purposes in the road building sector. Experiments must show that these
technologies will generate the essential breakthrough knowledge needed to solve today’s major
problems with respect to behaviour and performance of road and materials. Only by understanding
what is really happening in practice, knowing the driving forces of failure mechanisms and knowing
which intrinsic parts of the mixing components are responsible for the behaviour of a material or
product it is possible to take the right measurements to reduce or prevent failure. For instance which
molecules have to be added to a binder to make asphalt better resistant against ageing?
The results of the project offer the industry new challenges to develop high quality materials and
proper products. The project will produce a new generation of high added-value competitive products
and services with superior performance across a range of applications in the road building sector.
Besides the basic quick win of the project will be the cooperation between various disciplines. Consult
Annex I for further information about this project.

3.4.2

Life time engineering

A typical problem of high value infrastructure assets is that their relatively long life and the decisions
on short-term repairs and maintenance can be contradictory with respect to efficient management in
the long term. Short-term thinking with a narrow scope dominates decision-making and blocks insight
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into future consequences. The traditional approach to the design and maintenance of infrastructure
can be characterised by the following main features:
• the design concentrates on the reaction-resistance (and not the durability) of the structure to
the anticipated loads usually just after completion of the facility;
•

it primarily considers the construction (initial) costs, is less focused on later maintenance and
rehabilitation expenditure and rarely takes into account the future environmental and human
aspects throughout its lifetime;

•

the design activities approach the whole structure as an entity, do not consider its “modules”
separately although their loads, lifetime expectancies and eventual recycling techniques can
vary considerably (i.e. no “modular” design is applied);

designers do not generally cooperate with experts from other sciences (e.g. physicists,
chemists, mathematicians, system engineers, etc.) who could make a significant contribution
to the complexity and profoundness of the road design.
The traditional approach passes the obvious and worldwide need for sustainable development
including sustainable transport. The short-term and too confined design activities and decision-making
do not take into account the future consequences, which may be of an economic, environmental,
and/or human nature. This attitude must change as quickly as possible into a design methodology
which is much more responsible for the next generations. Lifetime engineering offers this possibility
although it requires comprehensive research and training of the parties involved. Lifetime engineering
takes into account all road transport related aspects by design and decision-making from the use of
raw materials to the impact of traffic on the environment. The initial costs of structures and
maintenance will no longer be the only dominant factor; maintenance costs including the economic
losses caused by congestion due to maintenance work and measures to reduce the environmental
immersions throughout the whole life of the road infrastructure will also play a role. Significant
economic results can be expected if – following the basic principles of lifetime engineering – the
traditional “reaction (resistance) type” pavement design is transformed to “durability type”, meaning
that the predicted changing of loads and reactions (strength) of the pavement structure during the
entire life is considered, allowing the minimisation of life cycle costs. Consult Annex II for further
information about this project.
•

3.4.3

Asset management tools

Road infrastructure is built to satisfy the need for the safe, economic and comfortable transport of
goods and people. To fulfil these requirements and services to the users, this infrastructure must meet
certain quality standards such as skid resistance, evenness and noise emission. These properties
must be created and maintained throughout the whole lifetime of the road. The proprietors of the
public infrastructure, represented in most countries by government, provincial and municipal road
authorities, are responsible for ensuring the conditions of the road networks. Preservation of the
assets value is among the main tasks of these central, regional and municipal institutions.
Besides the preservation of existing networks, these institutions are facing growing demands from
society concerning the service level of the networks: undisturbed traffic flows with minimum impact on
the environment. However, as the result of ever-higher living standards, the number of road vehicles
and subsequent traffic volume and axle loads are constantly growing. The more traffic on the roads,
the more deterioration of the infrastructure components, but also the higher the sensitivity of the road
systems to disruption in the traffic flows resulting from maintenance work and accidents. Furthermore,
this rise in the amount of traffic produces a correspondingly negative impact on the environment in the
form of air pollution and noise emissions affecting the health and quality of life of substantial numbers
of people living alongside the road networks.
In general, the available financial resources are far from the justified needs, which are also partly
contradictory. The task of the road authorities is to find the right balance between preserving or
rehabilitating the existing networks and implementing new demands or requirements. A coordinated
asset management system could make a significant contribution in this. Management tools must be
developed to support decision-making by road authorities with respect to maintenance strategies and
reserving funds for preserving and rehabilitating the road networks.
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In many European countries, the expansion of the existing infrastructure dates back to the 1970s and
1980s and are thus reaching the end of the serviceability. Knowledge about their condition is therefore
essential for planning the expenses involved in maintenance and rehabilitation over a period of at least
ten years. Such planning requires the development of monitoring systems to quickly establish the
condition of the infrastructure, performance models for structures, materials and maintenance
techniques to forecast the maintenance required year by year. These developments must be
accompanied by research to fund and qualify the various service levels operational today: which
intervention levels for maintenance work must be qualified as ‘hard’ (essential) and ‘smart’ (less
important) in terms of safety and the environment, for example. These proposed tools form the basic
stepping-stones of modern network management. Consult Annex III for further information about this
project.

3.4.4

Modular prefabricated pavements

The traditional method of constructing a road surface has gradually acquired an amorphous mixture of
qualities that must fulfil a whole range of functions. Over the decades, the hot-rolled asphalt
superstructure evolved from providing a comfort layer to being a bearing construction, comfort layer,
texture/skid resistance layer, water drainage layer and noise reducing layer in one. This traditional
building concept is less flexible in design, construction and maintenance. The functional requirements
will vary according to place and time. For example, a silent road is more preferable in some places
and at some times than others. For (heavy) goods transport, heavy vehicle traffic makes other
demands on comfort and supporting power than private cars. By unravelling the functions and
developing specific components or modules for each function, a ‘made-to-measure’ road surface can
be created by stacking the right layers on top of each other, provided that it is easy to exchange the
modules. The functional approach behind this concept promotes the use of the right materials for the
special requirements of specific components and distinguishes between long lifetime components (low
maintenance frequency) and short lifetime components (fast maintenance). The concept of modular
building also offers possibilities for the indoor manufacture of components under controlled production
conditions, which provide high quality and accelerated introduction of new materials. The assembly of
these prefabricated components on site will be less dependent on weather conditions and thus be
faster and more flexible than the traditional construction method. Furthermore, prefabrication lends
itself very well to incorporating smart devices, such as monitoring the performance of road
components.
The constant increase in the number of road vehicles consequently means, a continuous rise in traffic
volumes and axle loads, accelerating developments like congestion, wear and tear of structures and
last but not least air pollution and noise emissions. Decisions about expanding the road network taken
yesterday should preferably be achieved tomorrow. To minimise downtime of roads for maintenance,
the overall quality of the structures must be upgraded. The time slots available for repair and
rehabilitation work become closer and closer, requiring faster maintenance techniques. The more
traffic, the higher the quality standards required, but also the less construction and maintenance time
available and the greater the demand for modular prefabricated structures.
New design concepts, new construction and maintenance techniques for pavements based on the
assembly of prefabricated modules will be the main result of the proposed project. This new approach
to building road pavements will challenge the industry to develop new materials and components
whose properties better correspond with the functional specifications. The final objective will be better,
faster and cheaper construction and maintenance of pavements through further cost-effective
industrialisation of road building processes. Consult Annex IV for further information about this project.
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4
4.1

Green Infrastructure
Scope of the concept

As rivers and mountains naturally reclaim the geographical composition of continents, so ground
transportation systems dominate the physical planning of landscapes and cities. These man-made
systems/barriers offer freedom of movement to people and goods in society on the one hand, while
having almost irreversible consequences for communities and natural habitats along roads and
railways on the other hand. The freedom to transport goods and people, generate economic prosperity
and improve our standard of life is increasingly in conflict with the social well being of the direct
neighbours of the transport systems, especially in the densely populated urban and suburban areas.
The social demand for cleaner, quieter and more energy-efficient road transport with minimum impact
on communities and natural habitats, poses the challenge of closing the gap between these conflicting
needs to all industries involved with road transport. By means of design, construction and use of
materials, road-engineering sectors can contribute to environmentally friendly (green) infrastructure.
Green (environmentally friendly) Infrastructure
Minimising environmental impacts on communities and natural habitats are the main issues of this
concept. Green infrastructure fits into its surroundings and contributes by means of design and
composition to minimising the impact of traffic (noise, air pollution and vibrations) and energy
consumption of the transport system. It also optimises the use of non-traditional materials for road
building and reduces the use of natural resources. Green infrastructure stands for reducing the
environmental impact of traffic and infrastructure on the sustainable society.

4.2

Directions for solutions

Better integration of infrastructure in its surroundings is rather a matter of willingness to give natural
habitats a chance to survive than a lack of road engineering solutions. Proper design and modelling of
the verges and the creation of barrier-free ecological areas using eco ducts are examples of ecological
engineering that can already be found in some European countries. Local circumstances and
demands will ultimately determine the best solutions. As a major consumer of building materials, an
important contribution of road engineering to the
green infrastructure concept involves the saving
of natural resources. Road construction
annexes land or scarce public space to urban
areas and affects the landscape elsewhere for
the supply of first class building materials.
Furthermore, maintenance and reconstruction
works generate a huge amount of building rubble
that is transported to landfills, which also affect
the landscape. The complete recycling and reuse
of this building rubble will be the first challenge
facing road engineers in the near future.
Upgrading building rubble generated by
sanitation of commercial buildings and houses
and other industrial waste products to proper
road building materials is the second step. The
line of saving natural resources must be
extended to saving energy. The handling of thousands of tons of building materials is a very energy
consuming business for road constructing. Nevertheless important savings can be made by focusing
more on the treatment of these materials on site and in plants. Hot asphalt mixes are the main

20

components of pavement constructions. The development of high quality low temperature binders and
mixes produces substantial savings in energy and production costs. In this context and also in view of
the increasing scarcity and expense of natural oil,
the development of so-called Bio-binders will be
a serious option. Recovery of energy from
pavements, continuous heated up by solar
radiation, becomes attractive in spite of the
growing need of sustainable energy sources.
Saving natural resources through developments
in road construction covers just one area. The
vertical (gradient of abutments) and horizontal
(curves) alignment of road design and the
condition of the road surface (texture, evenness)
particularly affect the rolling resistance of trucks
and thus fuel consumption (and air pollution).
Rough and uneven road surfaces will increase
this consumption. Research is required to
quantify and model the effects of these tyre/road
interactions in order to develop cost effective and safe solutions.
Nobody can blame the road authorities for people wanting to use their networks for transporting
persons, goods and themselves. Without measures, the popularity of road transport tends to founder
because of its own success. The tremendous rise in the amount of traffic over the last two decades
has produced a corresponding negative impact on the environment. Air pollution and noise emission
continue to affect the health and quality of life of substantial numbers of people. Furthermore, energy
consumption in the sector is contributing to the global Green House Gas emissions. Developments of
low emission (combustion) engines and restricted car-use must significantly reduce this in the next
decades. In the meantime, reduced to the dominator ‘Emission control’, road authorities have been
invited to produce innovative solutions to reduce the impact of emissions. With respect to silent
pavements, progress can be made by means of fine-tuning the mix design and application techniques.
Prefabrication of thin noise absorbing surface layers on the roll under controlled circumstances will
promote this development. Materials capable of absorbing noise and possibly air polluting components
must be developed to reduce the impact of emissions under legal standards. To prevent exhaust
(blacks) and non-exhaust (brake wear, tyre wear, etc.) particulate matter emissions blown up by wind
and passing traffic, cleaning systems must be designed to remove these pollutions from urban and
suburban areas. In the case of extreme polluting situations and where it is impossible to abandon
polluting cars, covered roads in combination with air-cleaning systems are an option.

21

4.3

Projects required
GREEN INFRASTRUCTURE

Directions for solutions

Projects and key issues

Saving natural resources

•

Develop tools to assess environmental impact in a global
approach (from materials to structure) as a component of life
cycle analyses.

•

Develop new techniques and management tools to support and
optimise the reuse and recycling of building materials and other
non-traditional materials (for example in-situ recycling processes).

•

Develop low energy consuming construction and maintenance
techniques, like prefabrication and low temperature asphalt

•

Quantify the effects of the road condition and road alignment on
the fuel consumption in order to optimise the tyre/road interactions
(rolling resistance).

•

Design (aesthetical) infrastructure that fits into its environment
and reduces the impact on flora and fauna and restore habitat
fragmentation (eco viaducts).

•

Develop and introduce new environmentally-friendly and
sustainable building materials for pavement constructions (biobitumen) and structures (bio-plastics)

•

Design systems to recover sustainable energy from road
infrastructure (solar, wind, braking vehicles, hot-water collectors)

•

Design urban infrastructure that will reduce the impact of traffic
(noise, pollution and vibration).

•

Develop systems to reduce the generation and dispersal of
chemical pollution in road, run off, vehicle spray, winter
maintenance and accident spillages.

•

Develop concepts for roads that reduce the creation of particulate
and other pollutants (through tyre wear, brake wear, road surface
wear) and in situ cleansing methods

Emission Control

4.4
4.4.1

Developments required
Low temperature asphalt with reclaimed asphalt

In Europe, 320 million tons of asphalt are produced every year for the construction of roads (source:
European Asphalt Pavement Association – 2005). Asphalt is produced at high temperatures (160 –
180°C). An average energy of 275 MJoule is needed per ton asphalt, resulting in an energy
consumption of 88 billion MJoule for Europe. Asphalt production is therefore a highly energy
consuming industry and results in high CO2 emissions. In the context of the Kyoto agreement, energy
reductions and reductions of CO2emissions in production processes are high priority.
In recent years several techniques have become available to produce asphalt at reduced
temperatures and field trials are being conducted in several countries. The reduction in temperature
that can be achieved depends on the technique used: reductions of 30°C to 60°C are technically
possible. The results look promising, but there are still many unsolved questions and challenges. In
particular, a crucial point for general acceptance of these techniques by the road authorities is the
proof of equivalent performance as hot mix produced mixtures and the possibility of applying these
techniques in combination with reuse of old asphalt. As asphalt recycling in asphalt production is very
important and common in many countries, it is crucial that these techniques can be combined with
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high percentages of reuse materials, otherwise the general use of these new techniques will be
difficult to accept. Besides the reuse of reclaimed asphalt is interesting from the financial point of view,
because the prices of waste deposits have become very high in many countries.
Research will be performed in the laboratory and on the field. In the laboratory, the necessary knowhow will be developed for the type testing (mix design and testing) of these mixes with the required
workability, compactibility and performance. This laboratory experience will be up-scaled to large-scale
production and field implementations to demonstrate that real production and laying is adequate and
gives the required performance.
More particularly, the following results are expected:
•

recommendations for the design of asphalt mixes including feasible percentages of reclaimed
asphalt to be applied,

•

performance of different low temperature production techniques including the performance of
the final products in relation to traditional hot mix asphalt,

•
•

recommendations concerning production, laying and compaction
environmental and cost analysis

Consult Annex V for further information about this project.

4.4.2

Bridge eco-assessment

In the past, the key word for bridge designing was "resistance". In recent years, in addition to
resistance, the introduction of durability concerns has been at the source of an initial important change
and a renewed approach to bridge design, from the choice of materials to the choice of the type of
structures and detailing. Nowadays, it is clear that sustainability is our newest major challenge!
Preserving the environment, saving rare materials, reducing energy consumption are the new targets.
Representing 46% of energy consumption and 25% of greenhouse gases, the construction sector has
a major role to play. All the actors concerned (material and product suppliers, construction companies,
decision makers, bridge owners,) are very aware of this fact. Each of them agrees that sustainable
development requires innovation in civil engineering and they are ready to make the necessary
changes. Material suppliers for example have already put a great deal of effort into reducing the
environmental impact and energy consumption of their activities. The concrete and steel sectors have
already launched some environmental assessment approaches for various industrialised products to
be integrated in constructions.
To be able to move from the level of materials or individual products to a complete structure, taking
into account its whole life cycle from erection, and service to dismantling, recycling and ultimately end
of life, we need tools and agreed methodologies that will enable us to assess bridges on their whole
life from an environmental point of view. Such tools are now being developed and applied for road
environmental impact assessment, generally based on life cycle analysis and multi-criteria analysis.
With regard to buildings, there is also the HEQ (High Environmental Quality) approach which still has
to be transferred to civil engineering. To accelerate this transfer, it is necessary to:
• Demonstrate the feasibility of the sustainable approach for each bridge family (concrete, steel,)
by making an environmental assessment of various typical solutions of current bridges in
Europe and thus identify sources of progress inside each family. Current bridges must be
studied because they represent 90% of the total number of bridges and consequently a major
environmental and economical weight.
To develop some improved environmental solutions that would also be economically assessed,
and to check they remain globally competitive.
This approach taking into account environmental criteria will also enable the practical implementation
of some very innovative solutions, which are still not currently competitive, if only considering usual
costs.
•

Eco-assessment of bridges complies with sustainable requirements for the benefit of society and is a
vehicle of innovation, development and competitiveness for the European civil engineering sector.
Consult Annex VI for further information about this project.
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5
5.1

Safe and Smart Infrastructure
Scope of the concept

Despite significant improvements over many years, the number of (fatal) injuries resulting from road
accidents remains high. The target set by the European Countries of a 50% reduction in road deaths
by 2010 is indeed very ambitious, but it does emphasise the gravity of the situation. An accident is
seldom a stand-alone event, but the ultimate consequence of a number of non-expected incidents and
factors, such as weather conditions, disorderly traffic flows, road design, road condition, attentiveness,
awareness and accuracy of the road users. Clearing up incidents and interfering in one or more
leading factors will certainly help reduce the number of casualties. In this framework, important
questions are: “Who is responsible for what” and “Who is taking the lead”. Is it the commercially driven
automotive industry or the low-budget road authority? The automotive industry has started to
recognise the importance and potential of putting more electronic intelligence into its cars (like lane
and distance-keeping systems). Vehicles are becoming smarter and smarter year by year and their
intelligence focuses on the additional comfort and safety of the individual driver and his passengers,
the “user's optimum”. However, road network managers or road authorities are interested in the overall
safety and unrolling of traffic on their networks, the “system's optimum”: homogeneous traffic flows
with controlled speed limits improve the traffic performance of roads as well as safety. Achieving
'system's optimum' means more than adding up
the optimum travel time of individual cars. To
achieve the system's optimum, it may be
advisable to exclude freight traffic from using
some lanes of the road over a certain period in
favour of other drivers. Traffic managers can
only take such a decision at central level. An
explicit requirement for achieving the system's
optimum is the availability of information about
the use and condition of the road network at any
time. To gather this information some
intelligence has to be ‘in-built’ into the road
infrastructure. To support the traffic managers,
smart infrastructure, i.e. infrastructure that is
capable of observing, interpreting, deciding and
acting, will be necessary.
Safe and Smart Infrastructure
Smart and safe infrastructure observes (traffic flow, circumstances and itself), interprets, decides and
acts to promote safe and comfortable travel and help the owner of the roads keep the infrastructure
objects in safe condition. Safe infrastructure stands for optimising flows of traffic of all categories of
road users and road construction work safely.

5.2

Directions for solutions

The basic requirements of safe and smart infrastructure are naturally the quality of the hardware or the
physical infrastructure. It is for the road engineers to design and construct infrastructure that inspires
confidence in all road users with respect to safety under normal conditions, day and night. A safe
design is the elementary basis. Discussions about ground transportation are always dominated by car
drivers, but motorbike riders, cyclists and pedestrians also want to survive their journeys on public
roads. It cannot be denied that most fatal accidents occur in the countryside and in urban and
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suburban areas. Confusing intersections, lack of
an overall view in bends, hard obstacles (trees,
barriers) in verges that are too close to the
roadway and the diversity of road users in the
same place are some of the main reasons.
Offering road users a clear and proper design is
an important step to safety, as it enables them to
recognise and assess the local situation. In this
context, research resulting in Guidelines for Safe
Design will be a valuable investment. Safe
design also includes the use of proper building
materials, guaranteeing the comfort and safety of
road constructions. Road users have to rely on
the expertise of the road engineers in choosing
the right materials and on the interest of road
authorities in maintaining the safety of the infrastructure. Without preventive warning signals, road
users may expect the relevant performance indicators of surface layers such as evenness, skidding
resistance and rutting to comply with standard safety levels under all kinds of weather conditions.
The general need to optimise the road systems in order to improve safety and capacity initially
requires the systems to have the capacity to manage traffic. On a network, which increasingly
resembles a slow moving car park for most of the day, good advice is wasted. Directing car drivers
from one traffic jam into another does not justify the high investment costs. System optimisation
demands smart design of the road networks involved. Here smart design stands for creating a
‘playground’ with enough free space and sufficient freedom of action to solve congestion caused by
high traffic demand or incidents. System optimisation means being able to choose alternatives.
Besides expanding the road network, creating
temporary capacity inside and/or outside the
network is the most obvious solution. Therefore
smooth connections and bypasses between the
different networks are the first requisites. A rather
simple way of achieving extra capacity on the
highway system is to allow the use of hard
shoulders during rush hours and in the case of
accidents. The development of dynamic road
markings makes it possible to optimise the use of
the existing square metres of roadways. By
narrowing the lane width (in combination with
speed limitation), an extra lane can be created in
cross section. At all network levels, dynamic road
markings bring automatic changes of travel
direction in reach. Less popular but effective is the creation of buffer zones holding cars near the
access to a network. Restricted access (car by car) from these zones prevents overcapacity on a
congested road section. It is the choice between every car standing still or the majority proceeding on
their journey. All these examples of measurements aimed at optimising the use of the existing roads
directly or indirectly affect the behaviour of the road infrastructure. Changes of loading the pavement
construction affect the performance.
A smart road observes, interprets, decides and acts. With respect to supporting drivers, the latter
function requires proper communication of decisions to road users. An exponent of smart design is
smart communication: the way of communicating relevant information to the road users. They must
be able to understand what the “system” or traffic manager means because they only have a few
seconds to reflect and react. Communication between the smart road systems and the cars will be
crucial to the success of system optimisation. A realistic estimation will conclude that automatic vehicle
guidance will be achieved by the year 2040. In the meantime, communication will focus on dashboard
displays and warning signals in cars and a range of traffic signs and information panels above and
alongside the road. Road users are already overwhelmed by information, sometimes relevant but
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often irrelevant. (What are the limits: the human brain or the available space in the verges?) However,
the relevance of information changes according to the time. Research is required to develop real
Dynamic Road Information Panels with the ability to integrate common traffic signs, static and realtime information so that the right information can be shown at the right time. This reduces the number
of signs and other information panels alongside the road and focuses the attention of the road users
on one spot. Remember that not everyone travelling in the morning rush hour is looking for a hotel or
museum. A real challenge will be the development of road surface layers changing colour when the
service level, for instance skidding resistance, falls below the standard safety level.
Over the past few years, many applications of Intelligent Traffic Systems have been developed and
tested on a modest scale in local areas. These first generation systems rely on indicators that are
used to manage traffic flows. Most studies and research point out that the weakness of such
applications is the poor quantity and quality of real time data available for input. Easy and cheap data
acquisition will be the critical success factor of ITS which requires the development of smart
monitoring devices. It is no secret that road authorities are not very keen on the presence of sensors
in their pavement constructions, except those that are necessary for their own asset management.
Traffic
disturbance,
caused
by
the
implementation of in-situ sensors and their
maintenance costs temper enthusiasm to install
more than strictly necessary. In this respect, invehicle sensors are preferable. The current low
“density” in-situ sensors (Weight In Motions
systems, strain gauges, traffic and speed
counting loops, etc) in combination with specialist
survey vehicles generate data for modelling
structural deterioration of roads and bridges and
modelling traffic flows. This is then used for asset
management models at network level. To
improve the management of maintenance at road
section level and to bring impending problems to
the attention of road operators before significant
deterioration occurs, sensors must be developed. Fitted to standard vehicles (“probe vehicles”) these
sensors can provide up-to date information about the road condition and surface characteristics of the
pavements. Probe vehicle and in-situ measurements will together provide the data needed to achieve
“system optimum” and enable road authorities/operators to maintain the networks to the high levels of
comfort and safety expected by the road users.

5.3

Projects required
SAFE AND SMART INFRASTRUCTURE

Directions for solutions

Projects and key issues

Safe design

•

Improve Guidelines for safe design, including basic standard
design rules guaranteeing safe, comfortable and recognisable
infrastructure (alignment, pavement, crossings, junctions
connecting different networks and ‘special structures) at any
moment of the day in order to minimise errors of road users.

•

Develop and use proper and durable building materials and
construction components with low (quick and hindrance free)
maintenance demands guaranteeing a high basic safety
performance.

•

Design constructions and maintenance technologies to minimise
the impact of maintenance activities on traffic flows.
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SAFE AND SMART INFRASTRUCTURE (continue)
•

Develop and dictate new materials and construction parts that
support a higher degree of safety for the road users, like
o
o
o
o
o
o

Light reflecting surfaces (safer during the night);
Heat absorbing surfaces in order to use infra-red scanning
(better visibility at night and in case of fog);
Coloured surfaces to support safe virtual lanes for cyclists;
Human friendly safety barriers to ‘protect’ motor bikers;
Soft curbing to protect pedestrians and cyclist for head
injuries;
Braille type marks for safe guidance for the blind.

•

Develop smart detecting and warning systems to inform road
users in case of unsafe performance of surface layers (for
example low skidding resistance of icy roads)

•

Develop ICT systems to support the design of infrastructure with
the potential of (temporarily) increasing road network capacity by
means of dedicated lanes, temporary by-passes, flexible lane
width and lanes with the ability to change travel direction
depending on traffic demand (dynamic road marking, intelligent
merging supporting systems).

•

Research on Automatic Vehicle Guidance (AVG) and its
integration into existing road infrastructure.

•

Install self-diagnosis systems, sensors and actuators for the
active control of structure vibration.

Smart communication

•

Develop all-round Dynamic Road Information Panels aimed at
optimising communication with the road user by presenting the
right type of information at the right time and reducing the
confusion of existing traffic signs and panels above and alongside
the road.

Smart monitoring

•

Design multi-functional in-situ and in-vehicle monitoring and
detecting systems generating real-time data to inform the road
users about safety and routing, the police about speeding,
security and axle loads, the traffic manager about incidents, traffic
flows and free capacity and the road operator about road and
structure condition.

•

Research the effects of in-situ sensors and other smart in-situ
components on the overall performance of pavement structures
and on maintenance techniques and management.

•

In cooperation with the automotive industry, develop in-vehicle
sensors which are able to detect the real-time condition of the
road structures.

Smart design

5.4
5.4.1

Developments required
TYROSAFE: optimising tyre-road interaction

Drivers need grip between the tyres and the road to accelerate, decelerate or change the direction of a
moving road vehicle. This grip is provided by the skid resistance properties of the road surface in
combination with the friction characteristics of the tyre. This combination is critical for safe driving and
many European countries have investigated the correlation of a low skid resistance level with accident
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hot spots. The result of this research proves that with a sufficiently high value of skid resistance, the
safety of roads can be improved and the number of accidents reduced. Skid resistance is therefore a
very important characteristic of the road surface affecting safety particularly because it can be
improved by the design of the road surfacing.
However, although improving the tyre-road interaction to increase skid resistance has positive effects
of improving safety, there may be negative effects such as increased rolling resistance and noise
emissions. A higher rolling resistance means the use of extra energy to overcome this effect, which
could lead to higher fuel consumption and CO2 emissions. In these times when environmental issues
like noise, air quality and consumption of energy are becoming increasingly important, any
consideration of the safety benefits of improved skid resistance therefore needs to focus on rolling
resistance and noise emissions as well.
Currently the properties of road surfaces and tyres are not optimised to balance all of these effects.
Rather, road engineers or tyre manufacturers concentrate on one or two separate aspects. Knowledge
of how these effects interact with each other is very limited. Therefore, optimisation of tyres or road
surfaces for one main effect could lead to negative impacts on the other properties.
To be able to assess these interdependencies it is necessary to measure the respective values for
skid resistance, rolling resistance and noise emission. To accomplish this task, especially for skid
resistance and noise, most European countries have developed their own measuring methods. To
ensure the comparability of measurement results, a common basis must be created to which the
different techniques can refer. In this context, the policies and standards of individual countries relating
to skid resistance, rolling resistance and noise emissions vary considerably across the EU.
The same is true of the impact of climatic change, since current standards are based on historic
responses to national requirements and climatic conditions. The potential effects of climate change,
however, could mean that the assumptions on which these standards are based will change. Other
measures needed to manage the effects of climate change may also have side effects on the
characteristics of road surfaces and the skid resistance that they can provide.
Many of these issues have already been addressed and different EU countries have carried out
research separately, but there is a need to bring ideas together and establish what scope there is for
developing a harmonised approach for the future. This is necessary to ensure increasing safety and
greening of transport on European roads and not just at national level.
This Coordinating Action will not only focus on the road surface but also on tyres and on the
interaction between the road surface and tyres. Only an optimised interaction can lead to a high level
of safety for drivers on the roads in European countries while ensuring the most positive greening
effect, through reduction of CO2 output and noise emissions.
This project will provide a synopsis of the current state of scientific understanding and its current
application in national and European standards. It will identify the needs for future research and
propose a way forward in the context of the future objectives of European road administrations in
order to optimise three key properties of European roads: skid resistance, rolling resistance and
tyre/road noise emission. Consult Annex VII for further information about this project.

5.4.2

Energy Controlled Pavements

The fact is that roads and pavement constructions have to perform literally in the open air.
Consequently these constructions are exposed to a range of weather conditions leading to a variety of
thermal conditions for the road structure and hence to a variety of conditions for the road drivers.
•

In summer, the structures are permanently collecting heat from solar radiation which makes
asphalt pavements particularly susceptible to permanent deformations, producing rutting at
the road surface. Rutting affects the safety level of the pavements, specifically in case of
rainfall when aquaplaning causes cars to lose control.

•

In winter, the water penetrated into the road surface layer will become frosted coupled with
volume expansion deteriorating this pavement layer (pot-holes, stripping). The combination of
low surface temperatures and cooling down of the air with a high relative humidity will cause
white frost and icy road surfaces, affecting the safety of drivers. De-icing products (mostly
salts on roads and liquids on airfields) must be used to keep the roads free of ice. However
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these products have many disadvantages for the environment: contamination of the verges an
ditches alongside the road.
•

The temperature differences between summer and winter, but also between night and day
cause expansion and contraction of the road materials. The subsequent stresses and strains
affect the lifetime of the pavement and produce road cracking.

These temperature changes between air and structures take place in a completely uncontrolled way
and surprise road authorities again and again. A better control of the thermal condition on pavements
will increase the safety, reliability and sustainability of the road networks.
Another observation is the increasing energy demand of the road infrastructure for all kind of facilities
to support the traffic flows, such as lighting, traffic control systems, intelligent road markings and
various communication services (telephones, road sensors, information panels and infrastructuredriver communication). On the other hand, most countries have millions of square meters of
pavements in which heat is permanently collected by solar radiation - free energy that slips away
because of uncontrolled exchange with the environment through air and soil. For the next decades the
challenge will be to recover this thermal energy to supply road and traffic-related facilities with energy
and to control the thermal energy of road pavements at the same time.
Comprehensive experiments with energy controlling systems and recovery systems have been
conducted in some countries over the past few years. These experiments, assembled with commonly
available components and techniques, have produced various results but have also demonstrated that
energy recovery by controlling the thermal conditions of pavements has potential and is more than a
scientist’s dream. Optimising available components and even developing new materials and
techniques requires a research impulse to achieve successful and cost effective solutions.
Combination with prefabrication of road components will increase the chance of successful results.
The project will have the character of fundamental research and requires cooperation with other
sciences. The research will start by reviewing all the possible physical and chemical synthesis and
techniques. Laboratory tests will establish the effectiveness of potentially suitable techniques and
products. Really suitable product and techniques will be demonstrated in field tests in order to show
that energy recovery from pavements can become reality, thus stimulating stakeholders to produce
innovations. Consult Annex VIII for further information about this project.

29

6
6.1

Human Infrastructure
Scope of the concept

Europe is the most urbanised continent in the world, with 80% of its population living in towns and
cities. Due to the growing population and continuing industrialisation near towns and cities, an
explosive urbanisation has taken place over the last fifty years. Towns have evolved into cities; cities
have become metropolises swallowing local communities one by one. Such urbanisation and sub
urbanisation reached its peak in the 1960s and 1970s, accompanied by poor quality town planning.
Town planning was characterised by monotonous apartment buildings lacking any aesthetic design,
built as closely together as possible. Accommodating people like cattle seemed to be more relevant
than creating social and liveable communities. Of course, developments in the field of mobility systems
and specifically those in the automotive industry have strongly supported this continued process of
urbanisation. The location of business parks, shopping centres and new housing estates no longer
matters. By car, everything is within reach. The
huge rise in the number of vehicles and car use
is now a scourge on city life. The omnipresent
vehicles dominate the configuration of scarce
public space in towns and cities. Streets were
rearranged to become roads, roads became
carriageways and carriageways became super
highways to keep road traffic running and feed
the conurbations with goods and people. As a
result, other socially relevant functions of the
public space have been pushed aside, both
literally and figuratively. At the end of the fiftyyear period of the reconstruction of Europe, the
slogan is ‘more is beautiful’. Great, greater,
greatest or big, bigger, biggest and fast, faster,
fastest dominate our way of thinking. It seems as
if policy makers and town planners have tried to project and copy the American dream and Tokyo’s
city maps in the main cities of Europe. However they have forgotten the difference in culture between
Europe and the other continents. European economic spaces today are huge crowded organisms,
continuously evolving and linked by congested streets, roads and railways in a polluted environment.
This is not the quality of life that society is looking for in the near future. The time has come for a
revolutionary change in the configuration of public spaces in order to facilitate other socially relevant
functions and reduce the impact of road transport on people’s health and lifestyles.
Human Infrastructure
The main characteristics of this concept are multi-functionality and multi-use of the space occupied by
infrastructure. Human infrastructure offers the main categories of road user the elementary facilities
which guarantee social security. The main points are sharing the space with non-road users for leisure,
etc. and exploring the space above and below the road surface to facilitate other socially relevant
functions (transport and non transport-related). Human infrastructure stands for harmonising
infrastructure with the human dimensions.

6.2

Directions for solutions

The built environment shapes our society, our way of life, our work, our leisure, our mobility. In order to
develop a sustainable built environment for all, we must have a society based on equal rights and
opportunities. Many people in today's society depend on an accessible environment in order to live
autonomous and active social and economic lives. Providing public security in public spaces will
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probably be most instrumental in persuading citizens and other potential road users to use the
available infrastructure facilities. Special attention and care must be paid to the most vulnerable users
of roads and public spaces: pedestrians, cyclists, people with disabilities, people with reduced
mobility, old people and children. In general, well-designed and recognisable configurations of public
spaces will inspire confidence in public security. Besides separating the vulnerable road users from
motorists, a clear and open design will promote a sense of well-being. Users must be able to keep an
eye on each other at any time. Prevent the creation of black spots such as subways for the sake of
vulnerable road users. Outside rush hours, these tunnels are not considered safe and are therefore
not used because of the lack of social control. The best place for the more vulnerable category of
users is ground level in the open air. In a certain sense the general behaviour of the various
categories of road user affects well-being. Developing a means of guiding and controlling the
behaviour of all categories of road users supports the public security component as well as the safety
component in the use of public spaces. The demand for public security is even more prominent when
it gets dark. In rural areas, in emergency places and service areas alongside interurban road
networks, more focus on public security needs is required during the period of darkness. Given the
importance of visibility and surveyability, these areas must have a clear and open design with good
lighting to offer users a satisfactory level of security. In this context, the development of intelligent
lighting systems, such as infrared systems, which switch on the lighting when they sense people,
should be promoted.
Although visibility and surveyability are the most important aspects, other human senses also play a
role in our perception of public security. A barrage of noise and polluted air outside our doors holds no
prospect of an enjoyable sortie into public spaces. Developments in design and configuration are
required to reduce the negative impacts of traffic.
Citizens want their streets back to upgrade their social activities in their living surroundings. They are
tired of their living space being invaded by polluting cars and trucks speeding by. On the other hand,
they expect facilities and services to meet their daily needs. All these needs must be satisfied by one
and the same area of public space, which will be nearly impossible to attain without relinquishing
some demands. Designing a configuration for public space that allows a multi-functional use of the
available area at different times of the day could be an option. For example, the use of public transport
(tram and bus) lanes for transporting and delivering goods in the late evening or even modelling
parking areas so that they can be used as a children’s play area during the day or at weekends.
However, many of today’s cities do not even have these opportunities. They cannot incorporate
modern services unless they sacrifice or destroy
the scarce public and inherited historical spaces,
environmental culture and ambiance which have
served as a cultural reference from one
generation to another. The last remaining option
is to conquer the third dimension. The steadily
increasing market value of land in the cities is
another important reason for going underground,
where the space is still vastly underused
compared with land above ground. This ultimate
design solution for the multi-functional use of
public space offers opportunities to transform the
congested,
noisy
and
polluted
urban
environment into pleasant living areas and to
improve the quality of life for city dwellers.
Moving the noisy and polluting traffic transport
facilities and parking areas underground will create new empty spaces at ground level for the
enjoyment of the citizens. An alternative building concept might be to create an artificial ground level
by covering in the original surface level including the road transport facilities. This building concept,
recommended for developing new housing estates and business parks, creates similar benefits as
underground building: clean, secure, safe and comfortable public space.
The traditional model of extending offices, housing and road transport facilities is to develop cities
vertically and horizontally. Higher buildings and wider roads create urban sprawl spreading across the
countryside. Perpetuating this approach will ultimately lead to situations where citizens lose
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themselves in the built environment and road users in the plains of asphalt pavements. This lack of
creativity and pursuit of quick wins will produce an environment that no longer reflects the needs of
human beings. Society’s demand for liveable surroundings requires a new design concept: human
design, the harmonisation of the dimensions of the built environment and infrastructure with human
dimensions. Aligning the dimensions to the main users gives expression to what road infrastructure
and built environment should be: places designed and developed for human beings. Human design
supports the understanding of local situations and thus promotes safety, security and better behaviour
among the users of public spaces.

6.3

Projects required
HUMAN INFRASTRUCTURE

Direction of solution

Projects and key issues

Public security

•

Design and configure infrastructure and public spaces, which are
well organised and recognisable in order to inspire confidence of
the potential users.

•

Develop driver supporting vehicles and infrastructure to minimise
the impact of driver errors, e.g. with the help of guiding and
warning systems.

•

Design more direct and separated connections for the most
vulnerable road users, in particular pedestrians and cyclists
(stimulate walking and cycling)

•

Design urban infrastructure that will reduce the impact of traffic
(noise, pollution and vibration).

•

Conquer and exploit the third dimension of public spaces by
means of underground building or creating an artificial ground
floor level.

•

Design aesthetical infrastructure in alignment with its
environment.

•

Use streets differentiated in time to facilitate exploitation and
maintenance.

•

Redesign monotonous office and industrial areas to become
multi-usable public space.

•

Design and align the dimensions of infrastructure and the built
environment in accordance with its main users.

•

Reduce traffic needs by designing compact cities.

Multi-functional use

Human design

6.4
6.4.1

Developments required
Integrated models of urban design

The public space in urban areas is very popular in the sense that many potential users claim square
meters for their specific demands and expectations concerning safety and security. Pedestrians,
cyclists, cars, trucks, trams, city dwellers and last but not least the citizens themselves expect facilities
and services that meet their daily needs. Integration of this range of functionalities into the generally
scarce public space available will be a tremendous challenge for city planners. They face seemingly
unsolvable complex problems. What are the best routings for bus and or tram lanes in the city road
plans from the humanitarian and engineering point of view and how to incorporate such lanes into the
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street profile (horizontal integration) warranting the safety of other users of the public space? How to
configure this bus lane recognisably with respect to the application of materials and components
(vertical integration)? Etc., etc.…
In brief, the design of cities and their urban infrastructure is essentially concerned with problems
connected with the different scales (from road material properties to the shape of cities) and
disciplines (from traffic engineers to landscape architects). Each scale acts according to its own
specifications and conditions and each discipline talks its own language. Tuning all these different but
related specifications and conditions is not only very time consuming but also involves possible
misunderstandings and miscommunication which tempers the resolution and affects the quality of the
final result of the design process.
Today, city planners lack the tools and knowledge to model and tune the relations between all scales
and professions of urban design over the complete range from technical problems to planning issues.
These relations are essential to the final qualities and performance required by users and owners of
urban infrastructure. In order to streamline the processes of design of infrastructure facilities in urban
areas, conceptual and operational tools describing and explaining the horizontal integration as well as
the vertical integration are essential. These tools have to support the process of creating robust, wellfounded designs of urban facilities.

Work package 1, “Urban infrastructure”, of NR2C has provided the professional community with a set
of “global design models”, intended to articulate the various disciplines, knowledge and points of view
implied by the design of multi-modal streets. These models are part of a whole set of new concepts,
methods and specifications for street design. They describe and explain both how some specific kinds
of streets work and achieve special qualities and how actors should cooperate in their design to
support. This research has mostly achieved horizontal integration. Here we propose expanding this
research in 3 directions:
•

To develop and reinforce the horizontal integration that has been started in NR2C: to create
more numerous design models to give a whole and consistent approach to street design.

•

To extend the methodological and conceptual tools both at the upper scale and at the lower
scale in order to achieve vertical integration: “urban patterns” at the upper scale (new routes
and mobility organisation at the scale of the urban fabric) and street materials at the lower
scales (new processes, new materials and new geometrical forms, etc.)

•

To give to this design tool a European dimension by collecting and uniting in a single web
based interface various design models coming from different European countries, organised
into a semantic database allowing intelligent navigation and research into the urban design
solution space.

Consult Annex IX for further information about this project.
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7

Making it comes true

Perhaps it has something to do with starting a new millennium, generally an excellent time for looking
back and ahead. Or perhaps people are feeling daunted by the huge problems and issues we are
currently facing and are curious to know what more awaits us. Who knows, but it is interesting how
many activities have been initiated to describe and imagine the future. Long-term visions, including
strategic research recommendations related to mobility and transport, have frequently been presented
in recent years. Based on one such vision, this document is presenting the research activities required
to face the future in the domain of road engineering with confidence. However, the work does not end
with describing visions and ambitious research programmes. That is only the stepping-stone on the
route of progress. All partners and stakeholders involved agree that the recommended research
programmes must be carried out. However visions and ambitions do not come cheap. Because of
their empirical character, innovations in the road building industries are synonymous with high and
long-term investments. So one of the main questions will be: which of the partners will take the lead
and be responsible for implementing these research programmes? Or in less politically correct terms:
who will pay the bills? A certain awareness of the environment and culture of the road engineering
market may be helpful in searching for an answer.

7.1

Innovation in practice

Innovation is still a popular item on the political agenda. It is supposed to increase productivity in the
corporate sector, which will in turn improve the economic development of Europe. Because of the
economic importance of innovation, a survey was recently held by EIM Business Policy to determine
the most innovative sector in the Netherlands. More than 8,300 companies from 58 different sectors
were questioned about their innovations strategy and policy. The answers were processed on an
innovation barometer topped by the Chemicals and Plastics industry as the most innovative sector.
The road and hydraulic building sector is number 56. At first glance, this may seem typical for the
Netherlands, but we do not know indications that this poor ranking on the innovation barometer is
different in other European countries. It might be explained by the fact that this concerns the part of
the sector which actually carries out the work, i.e. contractors (selling man-power) and suppliers of
building materials. Due to comprehensive standards and regulations, there is little room for
differentiation between the products and services these companies must provide. As a result, the
companies themselves have little opportunity to excel or stand out above the rest: a road is a road,
asphalt X is asphalt X and concrete class Z is concrete class Z. This situation is reflected in the way
commissions are awarded (lowest price), in the specifications and the contracts. Low risks, little
willingness to invest in innovation and low benefits could be the non-marked arguments. All in all,
these are not the best conditions for getting the innovative sparks flying.
However, all this does not mean that developments in the field of road engineering have stood still in
recent decades. On the contrary: much has been changed, revised and improved to achieve the
present high level of mechanisation and quality standards of products and constructions. Looking at
the distinguished levels of innovation (on the next page), these developments must be placed in the
category of restyling that represents 90-95% of all development activities in the sector. In fact, it is
more correct to refer to ‘improvements’ rather than ‘innovations’. The progress is an accumulation of
carefully chosen small, incremental improvements of existing concepts. The restyling level has a low
barrier regarding experimentation. Existing test instruments are usually sufficient. The application risks
are low because, in general, the work involves optimising existing concepts. The question is whether
continuing to optimise and extrapolate will be adequate to meet the requirements imposed on the
infrastructure in 30 or 40 years’ time. At any moment, the progress made in ongoing optimisation of
existing concepts will no longer meet these requirements, so that changes in the concepts will be
necessary. The time has come for the sector to focus more on redesigning concepts to face the future
demands with confidence. The redesigning level is far more challenging and involves breaking new
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ground. The risks to be taken to achieve success are greater and the development time and costs will
increase explosively. As a result, the sectors’ attitude concerning innovation must change too on both
sides: road authorities and/or principals as well as corporate sector and/or contractors. The rethinking
level comes into the picture after ‘crises’ situations. Rethinking involves throwing existing concepts
overboard in the assumption that going on with them will ultimately lead to a dead end. External
developments, and these are often autonomic, prompt us to seek totally different approaches.
Levels of innovation

7.2

•

Restyling (90-95%)
(improvements, conducting activities better, faster and smarter)
o Making improvements
o High Speed Train (actually based on an old concept)

•

Redesigning (5-10%)
(innovations, conducting existing activities differently)
o Quiet asphalt
o Recycling of materials

•

Rethinking (sporadic)
(making breakthroughs, developing and introducing new
concepts and activities, approaching problems differently)
o Delta Works, detention reservoirs/overflow areas
o Magnetic trains

Innovation attitudes

The key question is: how can we achieve a more innovative climate in the sector? As in every
economically driven sector, the answer today is as simple as it is obvious: create more market forces.
Bring about a situation in which companies must compete more with one another. Give the sector
more responsibilities and it will be flooded with innovations. Instead of giving them elaborate, detailed
specifications, give them specifications based on performance in which the envisaged product is
described in terms of function. In this way, agreements on the roles of all the parties involved in
innovation will arise tacitly:
•

The realisation of innovations is primarily the task of trade and industry. The latter have the
required production facilities.

•

The creation of the limiting conditions and the initiation and stimulation of innovations is the
government’s job. The government must clearly indicate its plans for the long term.

•

The money invested in development will depend on ‘who wants what’. If the government
specifically asks the market to come up with an innovative solution, then it will have to make a
substantial contribution to the costs involved. If a contractor launches a new product, which
has not specifically been requested, it will obviously have to foot the development bill itself.

In themselves, these agreements are very clear and also clearly distinguish between those who
expect innovations and those who have to develop them. Unfortunately there is one setback: the
parties involved interpret these agreements differently ‘backstage’. With respect to developing
innovations, the current decision and policy makers on the side of the principals, who are mainly
government road authorities, supported by the rhetoric on the other side of the table, have their own
vision about this matter.
•

Government departments and/or road maintenance authorities feel that innovations are
necessary to be able to keep traffic moving in the future. They do not see themselves as the
only ones with the problem. Mobility is a social problem rather than purely a government
problem. The corporate/private sector has to accept its share of the responsibility too.

•

The corporate sector has been saying for years that it can do everything better, faster and
cheaper. Well, let them prove it. Bring on those ideas for solutions.
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•

Innovations are mainly important for the continuity of the sector. Companies that wish to
survive will have to regularly launch new products which are improvements on the old ones. By
investing in the development of new products and bearing the risks in the form of longer
guarantee periods themselves, companies will show that they believe in an innovation. And
that such innovation holds economic prospects, too.

•

Why is innovation in our sector always so laborious? Serious research and development has
been conducted in road engineering for fifty to sixty years, so we should know the buttons we
have to push to improve the situation by now.

This reasoning reflects the spirit of modern times and is in any case very pragmatic. Society is
inundated with innovations every day. It is practically impossible to keep up with them: a new mobile
telephone is launched every six months and a new model of our favourite type of car appears every
four years. The corporate part of the sector, which is expected to look after itself, is responsible for its
own survival. Because one mistake can mean the end of a company, contractors have another
interpretation based on practical experience.
•

Road engineering is an empirical field. It does not have the instruments to demonstrate the
behaviour of a product in the long term. As a result, a very long and costly process must be
followed before new technology is given the stamp of ‘proven technology’. With the current
profit margins in the building industry (2 to 3 %) it is irresponsible in terms of business
economics for the sector to bear the high development costs alone.

•

After the first practical application, the innovation is literally and figuratively “out there on the
street”. The first clones appear on the market within a couple of months. What is the point of
being the first to stick your neck out? It is much more interesting for a contractor to improve its
own technical and logistic processes. That stays “in house” and the profits from these
improvements flow directly into the companies’ own resources.

•

The various government authorities dominate the client side of the market. Road building is not
a consumer market. Ever seen a contractor advertising his products on commercial television?
The authorities are reliable clients when it comes to paying, but they are pretty unpredictable
with regard to buying. An economic recession or a change of government during the
development process of an innovation can totally alter the interest in a new product from one
day to the next. Along with the high risk of rapid imitation (and the subsequent rapid erosion of
the knowledge advantage), the probability of recovering the investment decreases.

•

An innovation usually replaces an existing product. It must have added value compared to the
existing product (otherwise it will not sell). The price/performance ratio must be at least equal
to that of the existing product, but preferably better. The question is: how is the client going to
evaluate the better price/performance ratio during tendering? In the case of a lower price and a
better performance, the situation is clear. Things are different if a higher price has to be paid
for better performance. Will the client award the contract solely on the basis of the initial
project costs or on the basis of life cycle costs, because, for example, the maintenance costs
are lower in the long run?

Caricature attitudes:
Attitude government authorities
•
•
•
•

Innovations are necessary,
Private partners are eager, so wait and see,
Investments and risks are the responsibility
of innovators,
Innovating is a piece of cake.

Attitude private partners
•
•
•
•

Investments and acceptance procedures
are out of proportion,
Innovations can easily be imitated after the
first application,
Return of investment is doubtful,
Award of contracts is not transparent:
lowest costs or cost/performance?
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7.3

Rules of play for innovations

It cannot be denied that road authorities and contractors have different expectations and views
regarding the desired innovation climate. A “wait and see” attitude until one of the parties makes a
move is the worst imaginable scenario and must be prevented. Better understanding of what
innovation really entails and acknowledging each other’s interests is a better approach.
Make no mistake; innovation generally consists of a spark of inspiration, followed by a long period of
extremely hard work. Innovation is a matter of being able to hold out for a long time - and money, of
course. Crucial on the way to success is always the phase of transforming the prototype into a mass
product. The prototype could be made by hand, but in the following phase this process must be
transformed into an economically viable method of production. In this phase the ultimate feasibility,
quality and price of the new product are determined. In this transformation phase, a start also has to
be made on the quest for the first customers. Many high hopes of success are cruelly dashed at this
point, given the fact that more than 95% of all inventions and innovations never survive this phase.
The road building sector deals with products which have to function for fifteen to twenty years and
sometimes much longer. The average customer only buys a new product once it has been sufficiently
validated. He wants certainty that he is not throwing money down the drain. He requires proven
technology and proven products. And this is where the highly empirical nature of road building causes
problems. The present lack of fast tests measuring long-term performance means that validation must
largely come from demonstrations and tests carried out under practical conditions. So we first need to
find customers who have the nerve to apply the product and are prepared to take the risks involved.
And these clients must be willing to pay for the privilege, too. (This seems strange, but it is actually
quite normal. The buyers of the first ‘flat screens’ also showed guts, took risks and paid very high
prices.) The transforming and validation phase go hand in hand. In the meantime, the investment
proceeds and no one has earned a single Euro. But time passes too, of course. If it is only the
contractor who bears the risks, this situation does not invite innovations.
The above also shows that every comparison between road building products and consumer articles
stops here. Even during the development of a new product, the contractor depends on the cooperation
of risk-bearing customers. And if he succeeds in launching a new product on the market after high
investment costs, he has very few possibilities for tapping new markets of revenue to expand his
business. Advertising is a waste of money because the varying volume of business is dominated by
political decisions year by year and shared among one dominant category of clients. These customers
are primarily socially responsible for supplying well functioning road networks and depend on
contractors to achieve these social requirements. In this context, the question “What are the benefits
for the contractor to develop a high performance surface layer with a lifetime twice as along?” is a
delicate one.
Characteristics road building market
•
•
•
•
•
•
•

There is one dominant category of clients.
Volume of business dominated by political decisions.
Road building is not a consumer market.
Long-term investments are necessary because of the
empirical nature of road building.
Return on investments is uncertain.
Which parties see themselves as the ones with the problem?
Who is responsible for what?

In fact, the road building market is more a closed than an open one, which is why the relationship
between client and supplier is different from that in a consumer market. The road building industry has
never been and never will be a consumer market in the true sense of the word. In the road building
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sector, the client and supplier, or commissioning authority and contractor, are condemned to each
other to a certain extent, certainly with respect to innovation and knowledge development.
Consequently, all parties involved have to work together and there is no point waiting to see what the
other players are going to do. To guarantee continuity of developments in the sector, cooperation is
essential. Cooperation is also crucial for keeping society on the move at an acceptable price.
Remember that in every European country a substantial part of the Gross National Product is fed by
the mobility and transport sector.
Because cooperation in the field of research and development is so crucial, it goes without saying that
the dominant partners involved in the road building industry should at least agree on and establish
their roles and responsibility in development processes in advance. Drawing up clear ‘Rules of play for
innovations’ and adopting these roles and responsibilities is one of the most essential ways of bringing
the research projects recommended in the present document into the implementation phase. These
rules will help avoid frustration during the innovation process on all sides and prevent money and
energy being wasted. The diagram below shows the initial set-up for a framework for these rules of
play for innovations.
‘Rules’ of play for innovations
•
•
•
•
•
•
•
•

The contributions of the various parties to the development
costs.
The process to be followed with the innovation.
The decision moments during the process, including criteria.
The expected completion time.
An estimate of the probability of success.
Risk spread.
How to deal with patents.
How to deal with specifications with innovations during
tendering.
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8

Developments Required

The visionary studies conducted in recent years conclude unanimously that road transport is and will
remain the dominant means of transport of people and goods for many decades to come. Over the
period 2000-2020, forecasts expect a 35% increase of passenger transport and even a 70% increase
of the transport of goods over the European road networks. The constantly growing number of road
vehicles means a continuous increase in traffic volumes and axle loads, accelerating developments
like congestion, wearing and tear of structures and last but not least air pollution and noise emissions.
And these developments are going fast, in any case faster than usual over the past twenty years. The
road building industry is faced with huge challenges, including ambitious demands such as better,
quicker and cheaper production, construction and maintenance. To minimise downtime of roads for
maintenance activities, the overall quality of the structures must be upgraded. The time slots available
for repair and rehabilitation works are becoming tighter and tighter, meaning that maintenance
techniques have to be speeded up. Furthermore, the environmental regulations introduced to meet
with respect to air pollution and noise emissions by traffic and the use of natural raw materials are also
becoming stricter and stricter. As outlined in the previous chapters, these developments are also
evoking a new generation of questions and problems. It is up to the road building industry amongst
others to satisfy policy makers and up to road authorities to provide the right answers and solutions to
keep the traffic running on a sustainable basis in Europe.
There is still plenty of progress to be made in the construction and maintenance of infrastructure.
However, at any moment, the progress in ongoing optimisation of existing concepts will no longer
meet the demands and requirements, so that changes in the concepts will be necessary. To achieve
these ambitious goals, the sector must move faster in the direction of the innovation level of
redesigning existing concepts. Therefore the introduction of new proven research technologies from
other sciences such as physics and chemistry is vitally important.
A new generation of problems requires a new generation of approaches in setting up research. In this
context and without diminishing the interest of other projects listed, NR2C has selected a number of
projects, labelled as ‘Developments required’, requiring special attention of all stakeholders involved.

Developments required:
•
•
•
•
•
•
•
•
•

New age binder design technologies.
Integrated models of urban (human) design.
Lifetime engineering for roads.
Asset management tools.
Modular prefabricated pavements.
Low temperature asphalt with reclaimed asphalt.
Bridge eco-assessment.
TYROSAFE: optimizing tyre-road interaction.
Energy controlled pavements.

These projects aim at upgrading the innovation level in the road engineering sector and thus change
the mind set from ‘traditional’ and ‘conventional’ to ‘high tech’ and sexy’ because they are amongst
others:
•

Crossing the traditional boarders of the common research approaches,

•

Incorporating knowledge from other sciences,
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•

Provoking and challenging engineers to cross the boarders of traditional solutions,

•

Delivering fundamental basic knowledge for break through inventions,

•

Receiving common interest of all European countries.

These projects will provide the sector with new basis knowledge standards for trend setting
developments and innovations needed to face he future with confidence. Based on the core
competences each project has been allocated to one of the four road construction concepts. In
general however a ‘Development required’ will contribute to solutions of one or more of the other
concepts.
The ‘Developments required’ projects are synonymous with high research investments in the initial
stage of development through which European-wide cooperation and governmental support and
funding become the key factors to success.
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ANNEX I: NEW AGE BINDER DESIGN
1.

Project name
NEW AGE BINDER DESIGN (NANO) TECHNOLOGIES

2.

Contribution to NR2C concept
Reliable and Green Infrastructure

3.

What’s the problem?
By means of incremental upgrades, the road-engineering sector has been able to meet the
growing road transport demands over the last decades. Without drastically changing the concepts
of design or the way of physical/mechanical material testing, the sector has managed to improve
the performance of road constructions and asphalt mixes. Learning on the job, long-term
performance tests in practice and many other forms of comparative empirical research in this
period have provided a great deal of knowledge and expertise about behaviour and performance
of structures and materials. But nobody can explain which physical and chemical processes are
exactly the driving forces of phenomena like ageing and healing which affect the long-term
performance. The currently used mechanical and physical test equipment based on beating,
pulling, pushing and bending specimens cannot detect these phenomena. These tests have been
designed for comparative research to separate the chaff from the wheat and are not capable of
predicting the long-term behaviour and performance of pavement materials and mixes.
Better understanding of the behaviour and performance of asphalt layers requires knowledge
about the intrinsic properties of the asphalt components. Knowledge about the changes of the
intrinsic properties of binders during the entire life cycle of asphalt is essential for managing and
controlling the above-mentioned phenomena from the start. The physical and chemical processes
during production, processing and use of the asphalt mixtures undoubtedly lead to mutations of
the molecules inside the bitumen. How and to what extent? Answering these questions will make
it possible to create tailor-made bitumen (including bio or agro binders and other substitutes) and
asphalt mixtures of higher qualities. To develop this knowledge the road-engineering sector must
cooperate with other disciplines like physics, chemistry and biology and apply their micron and
nano research technologies. The potency of these new technologies has been demonstrated in
many other sectors. For example, with respect to the building sector these technologies have
contributed to the development of self-healing concrete and coatings. The introduction of these
technologies in the road-engineering sector is also strongly recommended by ERTRAC in the
Strategic Research Agenda.

4.

How bad/urgent is the problem?
Society’s quality standards and expectations for the future with respect to infrastructure networks
will vary little worldwide: reliable and available around the clock at socially acceptable costs.
Durable, long-life infrastructure with low maintenance and smart, quick maintenance techniques
are the solutions for meeting these requirements. To bear the increasing traffic loads, new
materials and products will have to be developed. A better understanding of the failure
mechanisms of materials is an essential stepping-stone for that purpose. Today’s research
toolbox lacks tests to look inside materials and to determine their intrinsic properties.
Furthermore, the common empirical research approach is too time-consuming to respond to the
intensity of new social demands. Increasingly, road engineering research has to cross the
boundaries into the word of physics, chemistry and biology and apply their technologies to
discover the phenomena forcing the degradation of construction components and materials.
Knowledge and experience with matter at nano-level are necessary to support the objectivedriven creation of new materials and systems with pre-defined properties and behaviour.
Managing the behaviour and performance of asphalt mixtures will be the greatest challenge for
the coming decades.
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5.

Who’s the owner of the problem and why?
Generally speaking, the realisation of innovations is primarily the task of trade and industry. If
interested, neither can permit high investment costs for developing and implementing new
research technologies in the road building sector. As long as new expensive test facilities are
required and the results of the search for a new approach are uncertain and unknown, a “wait and
see” attitude prevails which frustrates the introduction of new technologies. European-wide
cooperation between public partners, private partners and scientific institutes and governmental
support and funding are the key factors to success.
The application of micron and nano technologies for researching road building materials can be
characterised as totally new. On a very modest scale, several European universities are
experimenting with these types of research for road engineering purposes. Only the availability of
funds can boost this research to deliver the first results within a few years.

6.

Expected results of the research?
The objective of the proposed project is to stimulate and promote the application of micron and
nano technologies for research purposes in the road building sector. Experiments must show that
these technologies will generate the essential breakthrough knowledge needed to solve today’s
major problems with respect to behaviour and performance of road and materials. Only by
understanding what are the driving forces of failure mechanisms and knowing which intrinsic parts
of the mixing components are responsible for the behaviour of a material or product can the right
measurements be taken to reduce or prevent failure.
The results of the project offer the industry new challenges to develop high quality materials and
proper products. The project will lead to a new generation of high added-value competitive
products and services with superior performance across a range of applications in the road
building sector.
Moreover, the basic quick win of the project will be the cooperation between various disciplines.

7.

Main users of the results and why?
Finally the industry (manufacturers, suppliers and contractors) operating within the road building
sector will be the main user of the results of this project. This project will stimulate innovation in
the road-engineering sector.
Understanding what is really happening in practice supports the proper design of new products
and leads to performance-based testing. On this basis, road authorities can confidently tender
requirements in contracts that are fully performance-based.
The use of micron and nano technologies will reduce the characteristic ‘engineering judgement’
level of the branch in favour of a more scientific level. This will stimulate scientific institutes and
universities to focus more on developments and innovations on behalf of the road building
industry.

8.

Costs/benefits
The knowledge generated by means of these new technologies will affect the development of
road building materials and products of high quality and focus on their specific functions in the
construction. Lifetime extensions of at least 20% are possible. Although these high quality
materials and products will be more expensive than the current ones, savings in the costs of
maintenance of 10 à 15% a year become realistic in the mid term. European-wide these benefits
can run to hundreds of millions of Euros every year. Besides the initial maintenance costs, the
economic loss from traffic congestion caused by maintenance work will decrease, thus boosting
total benefits. Lifetime extensions of materials and products will also result in the saving of natural
resources.
To achieve this in the short term, this type of research needs a financial impulse of 1.5 to 2 million
Euros a year over a four to five year period.
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ANNEX II: LIFETIME ENGINEERING
1.

Project name
LIFETIME ENGINEERING FOR ROADS

2.

Contribution to NR2C concept
Reliable Infrastructure, Safe & Smart/Green and Human Infrastructure

3.

What’s the problem?
A typical problem of high value infrastructure assets is that their relatively long life and the
decisions on short-term repairs and maintenance can be rather contradictory. This also applies to
“traditionally” designed highways which can be characterised by the following main features:
•

the design concentrates on the reaction-resistance (and not the durability) of the structure to
the anticipated loads mainly just after the completion of the facility,

•

it primarily considers the construction (initial) costs minus the later maintenance and
rehabilitation expenditure and very rarely the future environmental and human aspects
throughout the lifetime,

•

the design activities deal with the whole structure as an entity, do not consider its “modules”
separately although the loads, lifetime expectancies and eventual recycling techniques may
be basically different (i.e. no “modular” design is applied),

•

the designers do not generally cooperate with the experts of other sciences (e.g. physicists,
chemists, mathematicians, system engineers, etc.) who could make a significant
contribution to the complexity and depth of the road design.

Lifetime engineering, a new science developed during the mid 1990s (Asko Sarja, Finland) could
solve the above problems. Although the main principles of lifetime engineering were initially
applied to buildings, industrial facilities and bridges, they can and should also be used for
highways.
4.

How bad/urgent is the problem?
The obvious and globally accepted need for sustainable development including sustainable
transport underlines the urgency of the problem outlined under 3. The short-term and too
confined (not complex) design activities do not take into account the future consequences, which
can be of economic, environmental and/or human nature. This attitude must change as soon as
possible to a design methodology which is much more responsible for the next generation.
Lifetime engineering offers this possibility although comprehensive research activities and training
of the parties interested is still required.

5.

Who’s the owner of the problem and why?
The obvious main interested party is the road designer, whose traditional activity must be
widened and deepened by taking into account more aspects and much longer time ranges than
before, as well as requiring more cooperation with the experts of other related sciences. Of
course, these latter experts are also among the “owners” of the problem as they would be
involved in road designs, a new task for them.
The road authorities (as owners or managers) are also very interested in this new type of design
since their road assets could be preserved more efficiently which is one of the main goals of their
asset management.
The whole population including the travelling public would also benefit from the use of the
principles of lifetime engineering for roads since this type of design is highly sensitive to
environmental issues and, more importantly, human aspects like toxic ingredients, safety,
comfort, etc.
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6.

Expected results of the research?
The most important result of the research activities could be a significant contribution to the
“sustainable development” in each country considered. This is obvious from the very fact that the
lifetime engineering forecasts and takes into account, among others, the environmental and
human aspects throughout the whole life of the road infrastructure. It thus relieves any negative
(adverse) conditions facing the next generation(s) when trying to solve their problems.
Significant economic results can be expected if – following the basic principles of lifetime
engineering – the traditional “reaction (resistance) type” pavement design is transformed into
“durability type” meaning that the predicted changing of loads and reactions (strength) of the
pavement structure during the entire life is considered, thus minimising life cycle costs.
It can be seen that this complex pavement design methodology can be directly or indirectly
applied in various branches of the national economy.

7.

Main users of the results and why?
The successful implementation of the lifetime engineering principles in road pavement design
could be used by the whole community for the following reasons:

8.

•

the realistic anticipation of future (traffic and environmental) loads facilitates the prediction of
pavement deterioration already during the pavement design phase. This enables optimum
improving interventions to be implemented, thus raising the satisfaction level of road users
with regard to safety, comfort and economy;

•

the whole life costs of the road infrastructure can be reduced by minimising road user costs
since the time delay costs, extra vehicle operation costs and additional accident costs during
road works are much lower than before;

•

the new principles also concentrate on minimising the environmental impact (use of toxic
materials, air pollution, water pollution, soil pollution, traffic rolling noise, etc.) which can
benefit the whole population;

•

the recycling (or possible reuse) of road materials is also predicted and planned in the early
design phase producing environmental benefits and financial savings for the whole
community (everybody has an interest in this because taxpayers’ money is involved in the
development and the management of public highway networks);

•

human factors such as safety, comfort and health risks are among the aspects considered in
lifetime engineering related to the whole pavement duration.

Costs/benefits
The preparation of the implementation of lifetime engineering principles for roads requires various
several interrelated research projects involving 5-10 million Euros. Since the road designers and
experts would cooperate to achieve higher level road projects, they would need additional,
specialised expertise. Teaching and training for some 1-2 million Euros in an average-sized
European Union country would be an additional cost.
However, the benefits resulting from the successful application of the principles of lifetime
engineering for road pavements are much higher than the implementation costs. The yearly
public road management costs in a EU country amounts to 100-2000 million Euros. If –
conservatively – just 5% cost saving in the road management is predicted as a result of the much
more complex pavement design based on lifetime engineering principles, the benefits would
compensate the whole costs in some months, maximum 1 year, depending on the size of the
country.
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ANNEX III: ASSET MANAGEMENT TOOLS
1.

Project name
ASSET MANAGEMENT TOOLS

2.

Contribution to NR2C concept
Reliable Infrastructure and Safe & Smart Infrastructure

3.

What’s the problem?
Road infrastructure is built to satisfy the need for safe, economic and comfortable transport of
goods and people. To fulfil these requirements and services to the users, this infrastructure must
meet certain quality standards on many aspects, like skid resistance, evenness and noise
emission. These properties must be created and maintained throughout the whole lifetime of the
road. The proprietors of the public infrastructure, represented in most countries by governmental,
provincial and municipal road authorities, are responsible for ensuring the conditions of the road
networks. Preservation of the assets value is one of the main tasks of these central, regional and
municipal institutions.
Besides the preservation of the existing networks, these institutions have to deal with growing
demands from society concerning the service level of the networks: undisturbed traffic flows with
a minimum impact on the environment. However, as the result of increasingly high living
standards, the number of road vehicles and subsequently the traffic volume and axle loads are
constantly growing. The more traffic on the roads, the more deterioration of the infrastructure
components, but also the higher the sensitivity of the road systems to disruption in the traffic
flows resulting from maintenance work and accidents. Furthermore, this rise in the amount of
traffic produces a correspondingly negative impact on the environment, resulting in air pollution
and noise emission affecting the health and quality of life of substantial numbers of people living
alongside the road networks.
In general, the available financial resources are far from the justified needs, which are also partly
contradictory. The task of the road authorities is to find the right balance between preserving or
rehabilitating the existing networks and implementing new demands or requirements. A
coordinated asset management system could make a significant contribution in this. Management
tools must be developed to support decision-making by road authorities with respect to
maintenance strategies and reserving funds for preserving and rehabilitating the road networks

4.

How bad/urgent is the problem?
The number of road vehicles, and consequently the road traffic volumes and axle loads are
constantly growing in every country. Higher living standards increase people’s expectations with
regard to quality highway service. They need more roads, preferably expressways with higher
comfort and safety standards. If they are not satisfied with the available highway infrastructure,
they increasingly turn to civil bodies (associations) to express their lack of satisfaction or even
protest against the present situation with certain political consequences. Organised coordination
of activities, i.e. asset management, is therefore very important for the road authorities if they are
to relieve this tension.

5.

Who’s the owner of the problem and why?
The owners of the problem (i.e. preparing optimal road asset management) are obviously the
road authorities in their proprietary and/or managerial roles. Successful completion of research in
the field would enable the road authorities to use its results by creating efficient asset
management for their highway networks.
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6.

Expected results of the research?
In many European countries the expansion of the existing infrastructure dates from the 1970s and
1980s and are therefore reaching the end of their serviceability. In this context several countries
on the five continents have already been developing a kind of asset management for their
respective highway networks. But – as the recent worldwide questionnaire survey of a PIARC
Technical Committee has proved – fully operational and really successful road asset
management is nowhere near completion.
Knowledge about the condition of the road networks is essential for planning the cost of
maintenance and rehabilitation over a period of at least ten years. The realisation of such a
planning requires the development of monitoring systems to quickly establish the condition of the
infrastructure, performance models for structures, materials and maintenance techniques to
forecast maintenance necessary year by year. These developments have to be accompanied by
research to fund and qualify the various service levels operational today: which intervention levels
for maintenance work must be qualified as ‘hard’ (essential) and ‘smart’ (less important) in terms
of safety and the environment, for example. These proposed tools form the basic stepping-stones
of modern network management.

7.

Main users of the results and why?
The results of the proposed research activities would be directly used by the road owners and
road managers, i.e. state or municipality road authorities. Their managing activities could be
significantly improved by the more efficient preservation of their highway assets, for example.
Perhaps more importantly, the whole travelling public can be mentioned as the user of the
expected research results since the higher level management of the highway assets clearly affect
its serviceability level in positive terms and hence the satisfaction of road users.
As an additional user of the research results, the population (dwellers) along the roads can be
mentioned since the high quality management of highways reduces the environmental impact on
them.

8.

Costs/benefits
The estimated expenditure of these extensive research activities could be around 10 million
Euros. However, the expected much higher benefits can come from the following main sources:
•

the whole management system is better organised resulting in significant cost savings,

•

the most reliable knowledge about the technical and condition data of the highway network
concerned as well as the availability of sophisticated management systems as useful
technical tools can significantly contribute to “nearly optimum” decisions with long-term
benefits as lower life-cycle costs,

•

the resulting high quality highway asset management reduces the costs of road users in
terms of lower vehicle operating costs, accident costs and time (delay) costs (less traffic
disruption as a result of the higher life cycles of more efficient pavement condition improving
interventions).

The assets value of the national highways system in the countries of the European Union usually
amounts to 10-100 billion Euros, while 1.0-2.0% of the gross value (some 100-2000 million Euro)
is spent yearly on maintenance and rehabilitation. If just 5 % of this management costs can be
saved by better management of the assets in a single year, much more money can be saved than
the research expenditure estimated.
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ANNEX IV: MODULAR PREFABRICATED PAVEMENTS
1

Project name
MODULAR PREFABRICATED PAVEMENTS

2

Contribution to NR2C concept
Reliable Infrastructure and Safe & Smart/Green Infrastructure

3

What’s the problem?
The traditional method of constructing a road surface has gradually acquired an amorphous
mixture of qualities that must fulfil a whole range of functions. Over the decades, the hot-rolled
asphalt superstructure evolved from providing a comfort layer to being a bearing construction,
comfort layer, texture/skid resistance layer, water drainage layer and noise reducing layer in one.
This traditional building concept is less flexible in design, construction and maintenance. The
functional requirements will vary according to place and time. For example, a silent road is more
preferable in some places and at some times than others. For (heavy) goods transport, heavy
vehicle traffic makes other demands on comfort and supporting power than private cars. By
unravelling the functions and developing specific components or modules for each function, a
‘made-to-measure’ road surface can be created by stacking the right layers on top of each other,
provided that it is easy to exchange the modules. The functional approach behind this concept
promotes the use of the right materials for the special requirements of specific components and
distinguishes between long lifetime components (low maintenance frequency) and short lifetime
components (fast maintenance). The concept of modular building also offers possibilities for the
indoor manufacture of components under controlled production conditions, which provide high
quality and accelerated introduction of new materials. The assembly of these prefabricated
components on site will be less dependent on weather conditions and thus be faster and more
flexible than the traditional construction method. Furthermore, prefabrication lends itself very well
to incorporating smart devices, such as monitoring the performance of road components.

4

How bad/urgent is the problem?
The constant increase in the number of road vehicles consequently means, a continuous rise in
traffic volumes and axle loads, accelerating developments like congestion, wear and tear of
structures and last but not least air pollution and noise emissions. Decisions about expanding the
road network taken yesterday should preferably be achieved tomorrow. To minimise downtime of
roads for maintenance, the overall quality of the structures must be upgraded. The time slots
available for repair and rehabilitation work become closer and closer, requiring faster
maintenance techniques. The more traffic, the higher the quality standards required, but also the
less construction and maintenance time available and the greater the demand for modular
prefabricated structures.

5

Who’s the owner of the problem and why?
In order to receive returns from investments as soon as possible, the application of modular
prefabricated building techniques is quite common in the building sector. For road authorities,
comparable returns are important: short construction periods, high quality standards and fast
maintenance increase the serviceability for the road users. In the case of toll roads, the
Concession Company will be the interested party.

6

Expected results of the research?
New design concepts, new construction and maintenance techniques for pavements, based on
the assembly of prefabricated modules will be the main results of the proposed project. This new
approach to building road pavements will challenge the industry to develop new materials and
components whose properties correspond better with the functional specifications. The final
objective will be better, faster and cheaper construction and maintenance of pavements by
means of a further cost/effectiveness industrialisation of road building processes.
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means of a further cost/effectiveness industrialisation of road building processes.
The new generation of motorways considers the pavements as a “multi layers” whose structural
components and performances features can be selected. Special attention will be paid to the
acoustic properties of the surface layer. Furthermore, these new pavements can be equipped
with smart components and can be aimed to solve particular tasks such as road and traffic
management, pavement performance monitoring, and driver safety.
The objectives of the integrated project will consist of the research, design, development,
demonstration and validation of:
•

New construction and maintenance techniques and materials for prefabricated large
pavement sections.

•

Smart structural components for monitoring the performance of the construction, the
environmental impact of traffic.

•

Intelligent systems, integrated into the pavement modules for guiding the road users to safe
journeys.

Finally, the innovations introduced by the project are:

7

•

Innovative prefabrication of large pavement sections.

•

Innovative design methodologies and technologies/issues to model, parameterise and
characterise the performance in function of the different layers of the pavements.

•

Innovative design, development and validation of smart structural components/devices to be
applied into construction and maintenance processes and equipments.

•

Innovative technological/engineered solutions to optimise the cost/effectiveness of the
industrial construction and maintenance.

Main users of the results and why?
The main receptors of the results will be road authorities, users, industry (manufacturers,
suppliers and contractors) and research centres. This project will stimulate innovation in the civil
engineering sector.

8

Costs/benefits
The project proposal will focus on research and development of new materials and structural
components used for the construction and industrialisation of the new generation of pavements
and the use of smart components integrated in the prefabricated structure to monitor their
structural and performance features to approach the global management of the motorways.
The modular concept of pavements will enable the selection of the optimal combination of
structural components and performance features. The structural and operational conditions of
the pavements will be monitored by means of intelligent components and monitoring instruments
integrated into the material interface. The performance data and information will be processed
and integrated into an expert maintenance and management system.
The improvement of the acoustic characteristics of the motorway pavements responds to the
requirement to reduce the noise level on the road while the major water spill off answers the
need to eliminate the aquaplaning phenomena during the useful life cycle and recovery of
pollutants.
The integrated project is innovative because the technical and scientific approach is based on
the development of methodologies, tools and technologies related to optimising the “full lifecycle” for the management and construction of the new generation of pavements.
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ANNEX V: LOW TEMPERATURE ASPHALT
1.

Project name
LOW TEMPERATURE ASPHALT WITH RECLAIMED ASPHALT

2.

Contribution to NR2C concept
Green Infrastructure and Safe & Smart/Human Infrastructure

3.

What’s the problem?
In Europe, 320 million tons of asphalt are produced every year for the construction of roads
(source: European Asphalt Pavement Association – 2005). Asphalt is produced at high
temperatures (160 – 180 °C). Asphalt is produced at high temperatures (160 – 180°C). An
average energy of 275 MJoule is needed per ton asphalt, resulting in an energy consumption of
88 billion MJoule for Europe. Asphalt production is therefore a highly energy consuming industry
and results in a high CO2 emissions. In the context of the Kyoto agreement, energy reductions
and reductions of CO2 emissions in production processes are high priority.
In recent years several techniques have become available to produce asphalt at reduced
temperatures and field trials are being conducted in several countries. The reduction in
temperature that can be achieved depends on the technique used: reductions of 30°C to 60°C are
technically possible. (For related energy and emission reductions: see 4) The results look
promising, but there are still many unsolved questions and challenges. In particular, a crucial
point for general acceptance of these techniques by the road authorities is the proof of equivalent
performance as hot mix produced mixtures and the possibility of applying these techniques in
combination with reuse of old asphalt. As asphalt recycling in asphalt production is very important
and common in many countries, it is crucial that these techniques can be combined with high
percentages of reuse materials, otherwise the general use of these new techniques will be difficult
to accept. Besides the reuse of reclaimed asphalt is interesting from the financial point of view,
because the prices of waste deposits have become very high in many countries.

4.

How bad/urgent is the problem?
The project totally fits into the view of a greener infrastructure. It additionally contributes to a safe
and human infrastructure. The problem is important at regional level, national (Kyoto-rules to
respect for each country) and international levels (global warming).

5.

•

Green infrastructure: The reduction of production temperatures leads to a decrease of
energy consumption, a decrease of CO2 emissions and a decrease of other harmful
emissions. Calculations as well as real trials show that a 40°C reduction in temperature will
save at least 14% in energy and consumption of fuel oil and an equal reduction of CO2. The
application of reclaimed asphalt leads to less consumption and transport of natural
resources and a decrease of waste disposal.

•

Safe infrastructure: A reduction in production temperatures leads to a reduction in the
fumes on the work site. This is important for the health conditions of the road workers.
Moreover these fumes lead to bad visibility for road users driving on adjacent lanes. A
reduction of the fumes will reduce the number of accidents resulting from bad visibility.

•

Human infrastructure: fewer fumes and fewer emissions lead to a reduction of smells
related to asphalt production and laying.

Who’s the owner of the problem and why?
The new production techniques must be introduced by the asphalt producers in the first place.
However, they need support from the road owners to try out and demonstrate the new techniques
in practice, while accepting a certain risk of failure related to innovative techniques.
The problem addresses many stakeholders:
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6.

•

Governments: they need new production processes to reduce energy consumption and to
reduce CO2 emissions in companies. They want to make use of reusable materials in
constructions and need sustainable infrastructure.

•

Road authorities: they need the guarantee that equivalent performance can be achieved with
the new production techniques and asphalt mixes. They are responsible for the functional
specifications of the products.

•

Contractors: they need possibilities to demonstrate their techniques in practice. It is only
through practical experience that they can gather knowledge about the performance of the
asphalt mixtures, production techniques and the asphalt layer constructed. Furthermore, a
reduction in the production temperature makes it easier to comply with legislation on
maximum emissions during production and construction.

Expected results of the research?
Research will be performed in the laboratory and on the field. In the laboratory, the necessary
know-how will be developed for the type testing (mix design and testing) of these mixes with the
required workability, compactibility and performance. This laboratory experience will be up-scaled
to large-scale production and field implementation to demonstrate that real production and
application is adequate and gives the required performance.
More particularly, the following results are expected:

7.

•

recommendations for the design of asphalt mixes including feasible percentages of
reclaimed asphalt to be applied,

•

performance of different low temperature production techniques including the performance
of the final products in relation to traditional hot mix asphalt,

•

recommendations concerning production, laying and compaction

•

environmental and cost analysis

Main users of the results and why?
There are several users depending on the type of the results:

8.

•

Design of asphalt mixes: mainly contractors, but also road authorities who are responsible
for correct specifications for the asphalt mixtures.

•

Impact on performance: mainly contractors, road authorities and/or road owners.
Contractors must fulfil performance requirements; road authorities need the guarantee that
equivalent performance can be reached with these products.

•

Recommendations for production and application: contractors, road authorities, notifying
bodies or other control instances.

•

Environmental and cost analysis: (local) governments, road authorities, and contractors.

Costs/benefits
The environmental benefits are significant:
•

The reduction of production temperatures of hot mix asphalt means a significant contribution
in reducing energy consumption. A 40°C reduction in temperature will save at least 14% in
energy and consumption of fuel oil, and reduction of CO2.

•

At lower process temperatures, the amount of harmful fumes is significantly lower at
production level. A 40°C reduction in the temperature also reduces fumes by a factor of 8
when laying. This significantly improves the health and safety conditions for the road worker.

Economic benefits:
Most of the techniques require additives or special techniques whose prices are comparable with
the price of fuel oil. As energy and fuel prices tend to increase with time, it is to be expected that
these techniques will become more and more interesting in economic terms.
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ANNEX VI: BRIDGE ECO-ASSESSMENT
1.

Project name
BRIDGE ECO-ASSESSMENT

2.

Contribution to NR2C concept
Green Infrastructure mainly, and also reliable

3.

What’s the problem?
In the past, the key word for bridge designing was "resistance". In recent years, in addition to
resistance, the introduction of durability concerns has been at the source of an initial important
change and a renewed approach to bridge design, from the choice of materials to the choice of
the type of structures and detailing. Nowadays, it is clear that sustainability is our newest major
challenge! Preserving the environment, saving rare materials, reducing energy consumption are
the new targets. Representing 46% of energy consumption and 25% of greenhouse gases, the
construction sector has a major role to play. All the actors concerned (material and product
suppliers, construction companies, decision makers, bridge owners,) are very aware of this fact.
Each of them agrees that sustainable development requires innovation in civil engineering and
they are ready to make the necessary changes. Material suppliers for example have already put a
great deal of effort into reducing the environmental impact and energy consumption of their
activities. The concrete and steel sectors have already launched some environmental
assessment approaches for various industrialised products to be integrated in constructions.
To be able to move from the level of materials or individual products to a complete structure,
taking into account its whole life cycle from erection, and service to dismantling, recycling and
ultimately end of life, we need tools and agreed methodologies that will enable us to assess
bridges on their whole life from an environmental point of view. Such tools are now being
developed and applied for road environmental impact assessment, generally based on life cycle
analysis and multi-criteria analysis. With regard to buildings, there is also the HEQ (High
Environmental Quality) approach, which still has to be transferred to civil engineering. To
accelerate this transfer, it is necessary to:
•

Demonstrate the feasibility of the sustainable approach for each bridge family (concrete,
steel,) by making an environmental assessment of various typical solutions of current
bridges in Europe and thus identify sources of progress inside each family. Current
bridges must be studied because they represent 90% of the total number of bridges and
consequently a major environmental and economical weight.

•

To develop some improved environmental solutions that would also be economically
assessed and to check they remain globally competitive.

This approach taking into account environmental criteria will also enable the practical
implementation of some very innovative solutions, which are still not currently competitive, if only
considering usual costs.
Eco-assessment of bridges complies with sustainable requirements for the benefit of society and
is a vehicle of innovation, development and competitiveness for the European civil engineering
sector.
4.

How bad/urgent is the problem?
The urgency with respect to the preservation of the environment is clear and needs no further
explanation. Moreover, the status of the civil engineering sector, economically and scientifically,
underlines the urgency of the problem. Through the innovations and research and development
required, the proposed renewed approach to bridge assessment is a unique opportunity to
develop an industrial sector which is attractive in terms of employment, well positioned from an
economic point of view and which promotes technological progress which responds to new
expectations and demands from the users and society. In addition, these are also important
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conditions for maintaining the leadership of European civil engineering faced with increasing
international competition.
5.

Who’s the owner of the problem and why?
The main owners of the problem are the road authorities and the contractors. Both are interested
in an innovative civil engineering sector. The road authorities must urge the contractors to
innovate by selecting tenders not only based on initial costs but also by taking into account the
life cycle costs. But it is also the responsibility of the industry to innovate, in order to be able to
propose new solutions which are reliable and competitive. Both industries and scientific institutes
must develop knowledge and tools that will facilitate the dialogue between road authorities and
contractors, and so create the condition of a clear competition. However, only the availability of
funds can boost the required research to deliver concrete and practical results for end-users
within a few years.
A unique advantage of the present period, and another reason for not delaying projects in this
field, is that all the actors are now well convinced of sustainability challenges, their respective
responsibilities and the benefits of working together. We must take advantage of this excellent
climate. European-wide cooperation between public partners, private partners and scientific
institutes and governmental support and funding are the key factors to success.

6.

Expected results of the research?
The expected results of the research are:
•

a methodology for the environmental assessment of different families of structures
(concrete, metal, …)

•

the implementation on representative examples of current bridges in Europe

•

analysis of possibilities to improve solutions from an environmental point of view, with an
economic assessment in parallel.

•

implementation of the approach to some very innovative solutions.

Ultimately, the erection of one or two real demonstrative HEQ (High Environmental Quality)
bridges. The erection of such bridges would be undoubtedly be a very efficient way of
communicating and evaluating the results of the project and convincing both commissioning
authorities and contractors that it is possible, and possible in economic conditions.
7.

Main users of the results and why?
The industry (manufacturers, suppliers and contractors) operating within the civil engineering
sector will be the main user of the results of this project. This project will stimulate innovation in
the civil engineering sector.
The other main users will be bridge owners: the existence of an agreed methodology for bridge
eco-assessment will enable them to organise competition on the basis of environmental
transparent criteria and to make relative comparisons between the proposed solutions.

8.

Costs/benefits
The first benefit is expressed in terms of preservation of the environment and the reduction of
energy consumption, as a contribution to the effort expected from the construction sector. The
second benefit is the development and competitiveness of the civil engineering sector, through
knowledge generated, research and innovation.
In order to attain the perspective described in the short term, this type of research requires a
financial impulse of 1.5 to 2 million Euros per year over a period of four to five years. At the end, a
fund support to the erection of HQE bridges can be estimated at: 0.15 million Euro/bridge.
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ANNEX VII: TYROSAFE
1.

Project name
TYROSAFE – TYre and Road surface Optimisation for Skid resistance And Further Effects

2.

Contribution to NR2C concept
Save & Green Infrastructure

3.

What’s the problem?
Drivers need grip between the tyres and the road to accelerate, decelerate or change the
direction of a moving road vehicle. This grip is provided by the skid resistance properties of the
road surface in combination with the friction characteristics of the tyre. This combination is critical
for safe driving and many European countries have investigated the correlation of a low skid
resistance level with accident hot spots. The result of this research proves that with a sufficiently
high value of skid resistance, the safety of roads can be improved and the number of accidents
reduced. Skid resistance is therefore a very important characteristic of the road surface affecting
safety particularly because it can be improved by the design of the road surfacing.
However, although improving the tyre-road interaction to increase skid resistance has positive
effects in improving safety, there may be negative effects such as increased rolling resistance
and noise emissions. A higher rolling resistance means the use of extra energy to overcome this
effect, which could lead to higher fuel consumption and CO2 emissions. In these times when
environmental issues like noise, air quality and energy consumption are becoming increasingly
important, any consideration of the safety benefits of improved skid resistance therefore needs to
focus on rolling resistance and noise emissions as well.
Currently the properties of road surfaces and tyres are not optimised to balance all of these
effects. Rather, road engineers or tyre manufacturers concentrate on one or two separate
aspects. Knowledge of how these effects interact with each other is very limited. Therefore,
optimisation of tyres or road surfaces for one main effect could lead to negative impacts on the
other properties.
To be able to assess these interdependencies it is necessary to measure the respective values
for skid resistance, rolling resistance and noise emission. To accomplish this task, especially for
skid resistance and noise, most European countries have developed their own measuring
methods. To ensure the comparability of measurement results, a common basis must be created
to which the different techniques can refer. In this context, the policies and standards of individual
countries relating to skid resistance, rolling resistance and noise emissions vary considerably
across the EU.
The same is true of the impact of climatic change, since current standards are based on historic
responses to national requirements and climatic conditions. The potential effects of climate
change, however, could mean that the assumptions on which these standards are based will
change. Other measures needed to manage the effects of climate change may also have side
effects on the characteristics of road surfaces and the skid resistance that they can provide.
Many of these issues have already been addressed and different EU countries have carried out
research separately, but there is a need to bring ideas together and establish what scope there is
for developing a harmonised approach for the future. This is necessary to ensure increasing
safety and greening of transport on European roads and not just at national level.
This Coordinating Action will not only focus on the road surface but also on tyres and on the
interaction between the road surface and tyres. Only an optimised interaction can lead to a high
level of safety for drivers on the roads in European countries while ensuring the most positive
greening effect, through reduction of CO2 output and noise emissions.
This project will provide a synopsis of the current state of scientific understanding and its current
application in national and European standards. It will identify the needs for future research and
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propose a way forward in the context of the future objectives of European road administrations in
order to optimise three key properties of European roads: skid resistance, rolling resistance and
tyre/road noise emission.
4.

How bad/urgent is the problem?
International problem, with high relevance.

5.

6.

Who’s the owner of the problem and why?
•

Road Authorities/Operators: They have to maintain the roads and ensure provisions for skid
resistance

•

Local Authorities: They have to ensure certain air quality limits.

•

European Union: They aim to reduce fatalities and reduce negative environmental effects.

Expected results of the research?
First of all, coordination of the existing know-how is necessary. The TYROSAFE project does not
do any research. The main objectives of the TYROSAFE project are to raise awareness,
coordinate and prepare for European harmonisation and optimisation of the assessment and
management of essential tyre/road interaction parameters to increase safety and support
greening of European road transport. Through the following operational objectives the consortium
will work towards achieving this target.
•

7.

8.

Set up a platform and organising workshops/expert working groups

-

to collect and share existing knowledge including past, current and future research
activities about skid resistance, rolling resistance and noise emissions,

-

to raise awareness concerning the safety relevance and greening influence of road
surface parameters.

•

Study national standards/policies of different EU and neighbouring countries with regard to
skid resistance, rolling resistance and noise emissions, document current practice in EU
countries, provide recommendations for a common European policy on skid resistance,
rolling resistance and noise emissions.

•

Develop a road map/implementation plan including specific stages for the short, medium
and longer term (2010, 2015, 2020) towards the final harmonisation of skid resistance test
methods and reference surfaces based on research work.

•

Create one or more matrices showing interdependencies and environmental effects of the
factors that influence road surfaces and tyres in relation to skid resistance, rolling resistance
and noise emissions. This matrix will allow knowledge gaps to be identified and indicate the
need for future research work.

Main users of the results and why?
•

Road authorities/operators

•

Local authorities

•

Policy makers

•

European Union

Costs/benefits
•

Low costs, as no research infrastructure is needed for a Coordinated Action

•

Social benefits: improved safety, reduced noise emission, reduced pollution
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ANNEX VIII: ENERGY CONTROLLED PAVEMENTS
1.

Project name
ENERGY CONTROLLED PAVEMENTS AND ROADS

2.

Contribution to NR2C concept
Smart & Safe Infrastructure and Green/Reliable Infrastructure

3.

What’s the problem?
The fact is that roads and pavement constructions literally have to perform in the open air.
Consequently, these constructions are exposed to a range of weather conditions leading to a
variety of thermal conditions for the road structure and hence to a variety of conditions for the
road drivers.
•

In summer, the structures are permanently collecting heat from solar radiation which makes
asphalt pavements particularly susceptible to permanent deformations, producing rutting at
the road surface. Rutting affects the safety level of the pavements, specifically in the case of
rainfall when aquaplaning causes cars to lose control.

•

In winter, the water penetrating into the road surface layer will become frosted coupled with
volume expansion deteriorating this pavement layer (potholes, stripping). The combination
of low surface temperatures and cooling down of the air with a high relative humidity will
cause white frost and icy road surfaces, affecting the safety of drivers. De-icing products
(mostly salts on roads and liquids on airfields) must be used to keep the roads free of ice.
However these products have many disadvantages for the environment: contamination of
the verges and ditches alongside the road.

•

The temperature differences between summer and winter, but also between night and day
cause expansion and contraction of the road materials. The subsequent stresses and strains
affect the fatigue lifetime of the pavement and produce road cracking.

These temperature changes between air and structures take place in a completely uncontrolled
way and surprise road authorities again and again. Better control of the thermal condition on
pavements will improve the safety, reliability and sustainability of the road networks.
Another observation is the increasing energy demand of the road infrastructure for all kind of
facilities to support the traffic flows, such as lighting, traffic control systems, intelligent road
markings and various communication services (telephones, road sensors, information panels and
infrastructure-driver communication). On the other hand, most countries have millions of square
meters of pavements in which heat is permanently collected by solar radiation - free energy that
slips away because of uncontrolled exchange with the environment through air and soil. For the
next decades the challenge will be to recover this thermal energy to supply road and trafficrelated facilities with energy and to control the thermal energy of road pavements at the same
time.
4.

How bad/urgent is the problem?
Since road infrastructure is crucial for the economy and mobility of people, it is very important that
roads are safe and accessible for road users at any time. Keeping the traffic rolling in all kinds of
conditions is one of the major issues of every road authority in all European countries. Controlling
the effects of weather on road conditions becomes an essential step forward in preventing
unwelcome surprises. In view of the climate change, more extreme conditions can be expected in
the near future, so developments to restrict the impact of the phenomena become more and more
urgent. In the same context, energy recovery by means of the thermal control of roads and
pavements will contribute to the European policy of reduction of the use of fossil fuels. The
project supports the political objective of meeting at least 10% of all energy needs from
renewable, sustainable sources by the 2010.
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5.

Who’s the owner of the problem and why?
The road authorities have to guarantee accessibility of the road network under all weather
conditions and are therefore the main owners of the problems. They are also responsible for the
functionality and sustainability of the precautions taken to guarantee drivers safety and an
acceptable service level of their roads. Controlling the thermal impact of the weather on the
infrastructure will delay deterioration of road surface layers and thus reduce the maintenance
demand and increase the availability of the network.
In view of the climate changes, the whole society is the owner of the problem. Road transport
represents 47% of energy consumption and 25% of greenhouse gas emissions. Recovery of
sustainable energy by means of adequate thermal energy control of pavements will help meet the
environmental targets concerning renewable energy supply. This development will constitute the
first step to road networks that will provide their own energy needs.
In few of the main ownership of the problem, governments and road authorities must take the
lead by starting up this project. They must stimulate and encourage scientists and other
stakeholders to find and develop the tools to achieve these energy controlled pavements and
roads.

6.

Expected results of the research?
Full-scale experiments with energy controlling systems and recovery systems have been
conducted in some countries over the past few years. These experiments, assembled with
generally available components and techniques, have shown various results but have also shown
the potential of energy recovery by controlling the thermal conditions of pavements and that it is
more than a dream of scientists. Optimising available components and even developing new
materials and techniques requires a research impulse to achieve successful and cost effective
solutions. Combination with prefabrication of road components will increase the chance of
successful results.
The project will have the character of fundamental research and requires cooperation with other
sciences. The research will start by presenting an overview of all the possible physical and
chemical synthesis and techniques. Laboratory tests will establish the effectiveness of potentially
suitable techniques and products. Really suitable products and techniques will be demonstrated
in a field test to show that energy recovery from pavements can become reality, thus stimulating
stakeholders to innovations.

7.

Main users of the results and why?
Ultimately, the industry (manufactures, suppliers and contractors) operating within the road
building and energy recovering sectors will be the main users of the knowledge generated by this
project. The project will stimulate innovations in the field of energy control of pavements and
recovery energy from roads. The results of the project will open up a completely new market.
Furthermore, the discovery of the new function of roads as energy supplier will change the
attitude of society towards the presence of roads in their direct neighbourhood.

8.

Costs/benefits
The annual loss of life of hundreds of car drivers in accidents caused by sudden changes in road
surface conditions as a result of changing weather conditions justifies investment in this field of
research. Better control of the thermal conditions of road surfaces can help reduce the number of
accidents. In this context, it seems as if the insurance companies are the main winners of this
research. However, the fewer accidents, the less downtime of the road networks. The road
authorities and society are then the beneficiaries. The project results help delay the deterioration
of road surface layers. A delay of one year already creates Europe-wide profits of tens of millions
Euros per year.
The increasing prices of fossil fuels and the aim to replace these resources by sustainable,
renewable energy sources will make energy recovery from pavements more and more attractive.
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ANNEX IX: INTEGRATED MODELS FOR URBAN DESIGN
1.

Project name
INTEGRATED MODELS FOR URBAN DESIGN

2.

Contribution to NR2C concept
Human Infrastructure and Safe and Smart Infrastructure

3.

What’s the problem?
The public space in urban areas is very popular in the sense that many potential users claim
square meters for their specific demands and expectations concerning safety and security.
Pedestrians, cyclists, cars, trucks, trams, city dwellers and last but not least the citizens
themselves expect facilities and services that meet their daily needs. Integration of this range of
functionalities into the generally scarce public space available will be a tremendous challenge for
city planners. They face seemingly unsolvable complex problems. What are the best routings for
bus and or tram lanes in the city road plans from the humanitarian and engineering point of view
and how to incorporate such lanes into the street profile (horizontal integration) warranting the
safety of other users of the public space? How to configure this bus lane recognisably with
respect to the application of materials and components (vertical integration)? Etc., etc.…
In brief, the design of cities and their urban infrastructure is essentially concerned with problems
connected with the different scales (from road material properties to the shape of cities) and
disciplines (from traffic engineers to landscape architects). Tuning all these different but related
specifications and conditions is not only very time consuming but also involves possible
misunderstandings and miscommunication which affect the quality of the final result of the design
process. City planners lack the tools and knowledge to model and tune the relations between all
scales and professions of urban design over the complete range from technical problems to
planning issues. These relations are essential to the final qualities and performance required by
users and owners of urban infrastructure. There is a demand of conceptual and operational tools
aiming at:
•

Horizontal integration: on each scale several disciplines (ranging from the humanities to
the engineering sciences) are relevant to explain an aspect or part of city life; but each of
them uses specific models and vocabularies; these new tools should help produce common
and global approaches to each these urban elements.

•

Vertical integration: to improve the quality and performance of urban designs, it is
important to act simultaneously on these various scales in a coherent fashion:
1. From the qualities and properties of urban materials to their transformation into
geometrical arrangements forming the various spatial components in which citizens
evolve: pavements, roads, bus lanes, arcades...
2. From these spatial components to their assembly into urban components: streets,
plazas, ... that organise the coexistence of the functions and users of a city.
3. From these urban components to their assembly into urban patterns: patterns of
transport and access, street patterns...

The “urban” part of NR2C (WP1) has provided the professional community with a set of “global
design models”, intended to articulate the various disciplines, knowledge and points of view
implied by the design of multi-modal streets. These models are part of a whole set of new
concepts, methods and specifications for street design. They describe and explain both how
some specific kinds of streets work and achieve special qualities and how actors should
cooperate in their design. This research has mostly achieved horizontal integration. Here it is
proposed to expand this research in 3 directions:
•

To develop and reinforce the horizontal integration, started in NR2C: to create more
numerous design models to give a whole and consistent approach to street design.
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4.

•

To extend the methodological and conceptual tools at both the upper scale and the lower
scale in order to achieve vertical integration: “urban patterns” at the upper scale (new routes
and mobility organisation on the scale of the urban fabric) and street materials on the lower
scales (new processes, new materials and new geometrical forms, etc.)

•

To give to this design tool a European dimension by collecting and reuniting in a single
web based interface various design models coming from different European countries,
organised into a semantic database allowing intelligent navigation.

How bad/urgent is the problem?
Today European cities share the same general history, the same global evolutions and face
problems that are common to all industrially and technologically developed countries. It is urgent
to provide urban designers with powerful tools to develop and share their practices, methods and
solutions dealing with multi-modal streets, patterns of streets and the assembly of street
materials.

5.

Who’s the owner of the problem and why?
This problem of producing and integrating common knowledge for the design of streets belongs:

6.

•

To professionals of all the disciplines that analyse the city and its streets from various
special points of view.

•

To users and owners of the infrastructures who are asked to become more and more
involved into cooperative design processes.

Expected results of the research?
This project, supporting the implementation of robust, well-founded designs for urban areas,
should provide:

7.

8.

•

A precise survey on the problems and difficulties encountered at the meeting between
different “scales”: for example, what are the limits that architects face in using road materials
to compose their street design?

•

The creation and study of a set of global design models on street elements, extended by a
set of models of “street patterns” and “mobility organisations” (upper scale) and by a set of
“urban material assemblies” (lower scale).

•

A web-based tool for organising, interrelating, sharing, choosing, assembling and
disseminating these street design models according to their scale and the specific problems
they solve (safety, traffic, atmosphere, commercial use, sustainability...).

Main users of the results and why?
•

Owners and policy makers: to make programmes for future street design.

•

Designers: to create coherent and integrated designs.

•

Users in participation design consultancies: to offer a shared common language.

Costs/benefits
•

The “vertical integration” of urban design scales will reduce the contradictions between
technical solutions, design intentions and urban planning: a certain number of mistakes that
usually lead to quite expensive litigations between owners and designers will be avoided by
a better coherence of choices belonging to different scales of urban design.

•

The tool will also be a base for more effective communication between construction partners
that will enhance all the processes involved in the production of a street.

•

More subtle human qualities will be achieved such as sympathy, harmony, good image and
vitality, i.e. qualities that cannot be directly expressed in quantitative terms but that obviously
contribute to the global social benefits that cities expect from their street design.
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