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Foreword

This report describes the programme HIGHWAY ENGINEERING 2000, a

proposed R&D programme for highway engineering for the years 1996 2002. The

programme has been drawn up by a working group comprising Kent Gustafson,

Swedish National Road and Transport Research Institute (VTI) (chairman), Nils

Ulmgren, Nordic Construction Company (NCC), Ulf Isacsson, Royal Institute of

Technology (KTH), Per Tyllgren and Lennart Axelson, Swedish National Road

Administration (SNRA), and Bengt Ake Hultqvist, Leif G Wiman and Lars

Goran Wé lgberg, VTI.

The work has been discussed in a steering group comprising Kent Gustafsson,

VTI (chairman), Ulf Isacsson, KTH, Tord Lindahl, Asphalt Pavement Association

(FAS), Rolf Magnusson, SNRA, Jan Olof Nordlander, Skanska, Jan Parmeby,

Swedish Transport and Communications Research Board, Hans Silborn,
Association of Local Authorities, and Olle Erlén, Nordic Construction Company.

Compilation and writing of the detailed report has been financed by the

Swedish National Road Administration, VTI, the Swedish Association of Local
Authorities, NCC, Skanska, Nyn'as, Cementa, the Royal Fortifications

Administration and Dynapac.

The report, with the exception of Section 5.2, has been translated into English

by L J Gruber, BSc(Eng) CEng MICE MIStructE. Section 5.2 has been translated
into English by Tony Palm.

Linkbping, August 1995.

Kent Gustafson
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HIGHWAY ENGINEERING 2000

A Swedish R&D Programme for the Years 1996 2002

by Kent Gustafson (red), Swedish National Road and Transport Research Institute
S 581 95 Linkb'ping, Sweden

Summary
This report describes the programme HIGHWAY ENGINEERING 2000, a
proposed R&D programme for highway engineering for the years 1996 2002. The
programme has been drawn up by a working group comprising Kent Gustafson,
Swedish National Road and Transport ResearchInstitute (VTI) (chairman), Nils

Ulmgren, Nordic Construction Company (NCC), Ulf Isacsson, Royal Institute of

Technology (KTH), Per Tyllgren and Lennart Axelson, Swedish National Road

Administration (SNRA), and Bengt Ake Hultqvist, Leif G Wiman and Lars
Goran Wagberg, VTI.

Compilation and writing of the detailed report has been financed by the

Swedish National Road Administration, VTI, the Association of Local

Authorities, NCC, Skanska, Nynas, Cementa, the Royal Fortifications

Administration and Dynapac.

According to the resolution of the Swedish Parliament in the spring of 1993,

Sweden shall invest ca SEK 100,000m over a ten year period on expanding the
road and rail network. Of this sum, about SEK 70,000m is for new roads.

Operation and maintenance of roads, streets and airfields is estimated to cost an

additional SEK 10,000m annually. It would very probably be highly cost effective

to spend a small proportion of these large sums on research and development of
new techniques for construction and maintenance. From an international

perspective also it is very important that effort is invested in measures which can
strengthen Swedish competition within the building and civil engineering sector.

The Programme Council for Highway Engineering Research at the Swedish
National Road and Transport Research Institute (VTI), comprising representatives
of road management authorities, contractors, machinery manufacturers etc, has
proposed that a Swedish strategic highway research programme regarding the
construction and maintenance of roads and streets HIGHWAY ENGINEERING
2000 should be planned and executed over the period 1995 2002. The total cost
of the programme is estimated at SEK 200m.

A working group within the field covered by the programme has selected a

number of strategic areas where it is judged that the need is greatest and the return
in the form of reduced planning and production costs is the maximum. Detailed

planning of the programme was carried out during the first half of 1995. The

highway engineering sector in Sweden has participated in planning through the

working groups which drew up the programme specification and by financing this

work. Programme work was directed by a steering group comprising

representatives of road management authorities, contractors, technical universities,

industrial organisations and research councils.
Kent Gustafsson, VTI, acted as project manager for programme development.

Programme development work was carried out by working groups under the
direction of the following:
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Area Person responsible for programme
development

1. Performance requirements Nils Ulmgren, NCC
for asphalt pavements

2. Cold plant mixes Per Tyllgren, SNRA
3. Cement concrete pavements Bengt Ake Hultqvist, VTI
4. Recycling of materials Ulf Isacsson, KTH
5. Analytical design Leif G Wiman, VTI

6. Better and cheaper maintenance Lars Goran Wagberg, VTI
7. Winter road maintenance Lennart Axelson, SNRA

The common aim of the proposed projects within HIGHWAY ENGINEERING
2000 is to cut the costs of the construction, operation and maintenance of roads

and streets. Reduction of costs by even 1% would produce annual savings of ca
SEK 200m, i.e. of the same order as the cost of the entire research programme.

For each project and area specific objectives have been defined; these are set out

under the separate descriptions of these areas in the report.

A research and development programme common to the whole sector, of the

kind described in the report, has several advantages. Special mention may be made
of the following:

Cost effectiveness Studies in the USA and Finland show that programmes
such as SHRP and ASTO produce much more effective research owing to

cooperation in the sector and, in particular, more rapid implementation of the

results than conventional research which is broken down into smaller and non
coherent projects and has a less well developed relationship with research, road
management and production.

Technological advance Large scale united effort by participants from all

parts of the sector also creates resources for innovative technology. Examples

from the ASTO and SHRP programmes show that a large number of new field and

laboratory equipments have been developed for e.g. asphalt and concrete testing
and for automatic recording and repair of damage on paved surfaces.

Effective implementation - A coherent research programme involves the

representatives of road management and production which facilitates the

dissemination of research results. Since the users can exert a real in uence on
research, utilisation of the results is made easier.

Cooperation between research and education A large proportion of highway

engineering research in Sweden is at present conducted with limited direct

connection with education in highway engineering at the technical universities. In
HIGHWAY ENGINEERING 2000, the intention is that some of the research

should be carried out at these universities and in this way a natural relationship
between research and education should be created within the programme.
Execution of the programme may in this way lead to a number of new doctorates

in highway engineering.

International cooperation Many of the results from SHRP, ASTO and other

international highway research are also of interest for Sweden, but proper effort,
both R&D and implementation, is needed to translate the results which can be

used under our conditions into Swedish production. Within the European

Community, there are research programmes in the field of infrastructure which
may be jointly financed on a cooperative basis by research, road management and
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industry in the participating countries. Both in implementing SHRP and ASTO

and in carrying out EC projects, a Swedish highway engineering research
programme HIGHWAY ENGINEERING 2000 would create the powerful
basis which is needed for effective utilisation of the international results and
developments. In order that we should benefit from international knowledge, it is
also essential that we ourselves have a solid knowledge base.

When HIGHWAY ENGINEERING 2000 was being planned, special study was
made of seven areas, but attention was also given in the discussions of the steering
group and the working groups to other R&D needs regarding the construction and

maintenance of roads and streets. The areas selected are those where the needs are
greatest and where the return in the form of reduced planning and production costs
was considered the maximum.

Seven working groups under the direction of a responsible person have
described their own areas. Each such description in the report comprises
background, present state of knowledge, urgent problem areas, economic benefit,

goals, project proposals and execution. The problem areas and the proposed
projects are listed at the end of this summary.

The following seven areas are described in the report.

Performance requirements for asphalt pavements

Performance requirements may be divided into Road User and Quality parameters.

Quality parameters relate to requirements for the asphalt mix or individual
courses. The performance requirements which shall be specified for asphalt

surfacings vary for different roads depending on the type of road and traffic ow,

but at present there is one more factor which dictates the selection of requirement
parameters; this is the possibility of measuring the parameter in a relevant manner,

i.e. the availability of an accepted measuring method.
Among the essential performance requirements the most important are the

Road User Parameters Rut Depth and Roughness, and the Quality Parameters

Wear, Stability and Durability. The term durability comprises properties such as
ageing and susceptibility to moisture.

Three urgent problem areas have been identified:

1. Requirements for, and check measurements on, functional contracts
2. Methods for describing the functional, geometrical and structural state of the

road
3. Determination of functional parameters for asphalt mixes/pavements.

Cold plant mixes

In spite of the fact that the Cold Mix Technique represents a piece of Swedish

road construction history, it is difficult to give a comprehensive description of this

technique since it has undergone a number of changes over the years. Since in
future there will be a need for renewal, the cold mix technique with its adaptability

is a natural area of development. The starting points are

0 no heating or heating to not more than 50C of the solid constituents

0 little or benign environmental load

0 production near the point of use.
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There are a number of difficult problems which the technique is facing.

Pavement engineers have for long tried to solve these but without any real success.
The urgent problem areas are therefore

- non uniform consistency and surplus water in the surfacing mixes

- loss of stone from surface dressing

0 low wearing strength of slurry surfacings.

It is proposed that the main project should be divided into seven parts: Models

and tests, plant mixes, surface dressing, slurry, recycling of asphalt for cold mixes,
environmental effects and implementation.

cement concrete pavements

The goal of this subprogramme is to cut the construction and maintenance costs of
concrete roads by at least 20%. Other goals are to develop environmental concrete
pavements of low noise level, satisfactory wear resistance and good friction, and

to develop methods for cement stabilisation of secondary gravel material and

building waste in order to reduce the demands on our natural gravel resources. For

semi rigid pavements the aim is to develop new design and crack models. For
municipal streets and areas carrying heavy traffic, the aim is to designate fields of

application for concrete pavements and to produce solutiOns for constructional

details.
The intention is to ensure that concrete roads have long term technical,

economic and environmental competitiveness. Macro economically, this will

have a favourable effect on the price level and quality of both asphalt and concrete

roads. Work on improving the surface characteristics of concrete roads will

enhance both road safety and the environment and reduce maintenance costs. By

developing methods for recycling/re use of materials and for cement stabilisation

of secondary gravel material and building waste, better management of our natural

gravel resources will be made possible.

Recycling of materials

Modern industrial society generates a very large number of different types of
residual products. The term residual product in this context denotes material left
over from processes and consumption. Waste, i.e. products which have been

rejected with a view to disposal and which have thus been considered to have no
value, is also regarded as a residual product. Depending on its origin, waste can be
classified into natural waste (e.g. branches and leaves), production waste

(generated in the industrial or manual manufacture of products), consumption

waste (generated when goods are used and consumed and in connection with
services) and treatment waste (e.g. sewage sludge and dust). In principle, all the

above types of residual products can be used in roads.
In many countries, increased awareness of issues to do with resources and the

environment has resulted in greatly increased demands for economical

management of natural resources and the establishment of facilities for the
recycling of material ows in society.

Recycling of residual products for different applications, for instance in roads,

is therefore an area of very great interest today, and research into primarily the
functional properties and possible environmental effects of products is of great
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urgency. Such research will contribute to better management of available material

resources and to more effective recycling.

A very large number of residual products which may be suitable for use in
roads has been described in the report. Some of the most important problem areas

concern the following groups of materials: .

0 Residual products from the production of road materials, e.g. materials in

quarries which do not meet specifications

- Asphalt surfacings

0 Surplus materials from tunnel construction, e. g. broken rock and fines from
full face boring

0 Building and demolition waste

0 Different types of slag

0 Scrapped rubber tyres

0 Combustion products (different types of ash).

Analytical design

The primary object of the area analytical design of roads with asphalt surfacings is

to develop the Swedish prototype for analytical design into a complete system for

the whole country. In the second place, the aim is to participate in and in uence
the planned development of a common European design method.

The fundamental problem areas in analytical design are as follows:

0 Theoretical calculation model for determination of stresses and strains in the
road structure caused by wheel loads

0 Knowledge of the mechanical properties of the subgrade and the pavement

material

0 Design criteria or permissible values for the stresses and strains which are

critical for the bearing strength of the road structure.

A complete design system will also require methods or models for the

evaluation/characterisation of traffic load and for the effect of climate on the
properties of road materials.

The expected benefit of an analytical design system is that it will create greater

opportunities for cost effective design. Owing to its greater exibility, the design

can be adapted to prevailing conditions in order to avoid both under and over

design. Underdesign increases maintenance costs while overdesign makes

unnecessary claims on a limited budget.

In addition to its better adaptation to local conditions, it will also increase the

possibility of studying the cost/benefit effect of using new or alternative road

materials.

Better and cheaper road maintenance

During the past decade grants for the maintenance of the Swedish road and street
network have been cut back. Some municipalities manage to maintain only a few

per cent of the street network every year. One consequence of this state of affairs
is a growing backlog of maintenance. In order to break this trend, it is necessary to

have more effective tools in the form of planning systems, both to justify the

release of funds for maintenance by the preparation of assessments of the impact
of the future scenario, and to allocate maintenance resources in an optimum
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manner. In order that a planning system should work, it requires relevant
forecasting models for the assessment of the status changes and service lives of

road structures, and the cost effects of different road conditions. Forecasting

models and the prediction of the effects of various measures are very sensitive to
geographical conditions, climate, material properties, traffic load etc, and must
therefore be developed in Sweden.

Development of more cost effective surfacings is also an activity which must

be given priority. On the street and road network Which carries little traffic, it is
primarily the development of surfacings of greater resistance to ageing and better

methods of reinstatement after road works which should receive priority. On the

road network carrying heavy traffic, it is mainly development of pavements

resistant to deformation that should be accorded priority.

Winter road maintenance

The goal of this problem area is to ensure through research and development that

the road management authorities receive the support and information which is
needed to bring about an improvement in winter maintenance and communication
with customers. Winter road management shall be improved so that, with at least

the existing traffickability and road safety retained, it meets the wishes of road
users and society. In addition, it must be compatible with the ambition of the road

management authority to be an environmentally aware and effective authority,

with the customer as the focal point. The programme aims at measures which

develop

0 Models for macro economic evaluation of alternative strategies and
standards which can be used in both long term planning and the

development of General Technical Specifications

0 Knowledge of the primary and secondary environmental effects of winter
road management

0 Information system (IS) as the basis for ordering, follow up and verification

0 Necessary development of capability and exchange of experience both
within the Swedish National Road Administration and within the sector.

The urgent problem areas where research is proposed are _

0 Production technology regarding chemical and mechanical de icing
treatment and snow clearance

0 Development of models

0 Studies of the willingness of road users to pay

0 Environmental effects of road salt

0 Information system

It is proposed that of the total resources in HIGHWAY ENGINEERING 2000,
25% should be allocated for a special programme for implementation, i.e. work on
the translation of R&D results into production. This includes, for instance, the

design of information material, videos, manuals and handbooks, and the holding

of courses, seminars and other education. Implementation also includes the
construction of trial sections to test new techniques. By allocating resources
already at the planning stage for the translation of research results into production,

it will be possible for these to be applied rapidly by road management authorities,
contractors and others.
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The following time schedule is proposed for the execution of HIGHWAY

ENGINEERING 2000:

Detailed programme development Autumn 1994 June 1995

Completion of R&D programmes January 1996 December 2001
Implementation 1997 2002

During the autumn/winter of 1995/96, the endorsement of the sector for
HIGHWAY ENGINEERING 2000 will be secured, and applications for finance
for the programme will be made to the grant authorities.

The cost of carrying out HIGHWAY ENGINEERING 2000 has been estimated

to be as follows. There is some variation between subprogrammes and between
different years.

R&D programmes: SEK 25m annually for six years SEK 150m
Implementation 50m

TOTAL SEK 200m

It is proposed that the costs of carrying out HIGHWAY ENGINEERING 2000

should be paid by the sector, i.e. the State (Swedish Transport anc
Communications Research Board, Council for Building Research), road

management authorities (Swedish National Road Administration, Association of

Local Authorities), contractors (Building Industry Development Fund, Nordic

Construction Company, Skanska, VV Produktion etc), and industry (Nyn'as,

Cementa etc). Finance from EU funds may also be available. Applications for

funds for some of the described programmes have been made, or will at a later

date be made, to the EU 4th Framework Programme. In some cases the prospects

of obtaining finance via the EU appear favourable.

The allocation to the different funding organisations of the cost of executing

HIGHWAY ENGINEERING 2000 will be part of the work during the
autumn/winter of 1995/96 to secure the endorsement of the sector for the

programme. Funds will primarily be sought per area and project, since the interest
in the different areas may vary on the part of the funding organisations.

It is proposed that a special organisation should be set up to carry out

HIGHWAY ENGINEERING 2000. Individual projects and programme areas
should be administered in a common organisational structure so that e.g. synergy
effects may be achieved. For Swedish conditions, the programme is of such an
order of magnitude, about SEK 25 30m annually, that an organisation made up of
representatives of the sector should be created.

It is proposed that HIGHWAY ENGINEERING 2000 should be directed by a
reference group with a chairman who will also have operational responsibility for
the unified programme. The group will be made up of representatives of funding

organisations and research institutions. It is proposed that the number of members
should be 8 10.

Each of the seven programme areas is to be lead by a steering group with a

chairman who is similarly responsible for the programme area. The chairman is
responsible for work in his programme area and reports to the reference group.

Actual work will be performed in the form of a number of projects, with a

project manager in charge of each project.
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HIGHWAY ENGINEERING 2000

Summary of Proposed Projects

Performance requirements for asphalt pavements (A)

A1.

A2.

A3.

Requirements for, and check measurements on, functional contracts

_ Methods for describing the functional, geometrical and structural states

ofroads

Determination of the functional parameters of asphalt mixes/ surfacings

Cold plant mixes (K)

K1.
K2.

K3.

K4.

K5.

K6.

K7.

Models and tests

Plant mixes

Surface dressings

Slurry

Recycling of asphalt for cold mixes

Environmental effects

Education and information

Cement concrete pavements (C)

C1.
C2.
C3.

C4.
C5.

Motorways and tunnels
Heavily trafficked roads
Municipal streets and heavily trafficked pavements
Environmental suitability of concrete roads
Implementation of research results

Recycling of materials (A)

A1.

A2.

A3.

A4.

A5.

Functional and environment related aspects of asphalt surfacings
containing powdered rubber ("wet method")

Cold recycling of asphalt surfacings characterisation of materials in the
laboratory and in the field

Hot in place recycling of asphalt surfacings evaluation of material
properties and environmental effects

Plastics modified asphalt surfacings material and environmental
properties

Use of building and demolition waste in roads

Analytical design (D)

D1.
D2.
D3.
D4.
D5.
D6.
D7.
D8.
D9.
D10.
D11.

Theoretical calculation model
Mechanical properties of non bound materials
Mechanical properties of bitumen bound materials
Design criteria for non bound materials
Design criteria for bitumen bound materials

Composition and damaging effects of heavy traffic

The effect of climate on the properties of road materials
Design of frost protection
Statistical assessment of the reliability of design results
Formulation of the design system
Validation of design system
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IX

EU projects regarding joint European design method

Better and cheaper maintenance (U)

U1.

U2.
U3.

U4.

Forecasting models for the status changes and service life of road
structures

Planning system for surfacing maintenance

Development of an integrated tool for condition assessment and action

planning
Methods and strategies for cost effective maintenance

Winter road maintenance (V)

V1.
V2.
V3.

V4.
V5.

Production methods and techniques
Development of models

Studies of the willingness of road users to pay

Environmental effects of road salt
Information systems
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1 Background
According to the resolution of the Swedish Parliament in the spring of 1993,
Sweden shall invest ca SEK 100,000m over a ten year period on expanding the
road and rail network. Of this sum, ca SEK 70,000m is for new roads. Operation
and maintenance of roads, streets and airfields is estimated to cost an additional
SEK 10,000m annually. According to experiences from the USA and elsewhere, it

is very cost effective to allocate a small proportion of these large sums for

research and development of new techniques for construction and maintenance.
From an international perspective, it is also very importantthat investment is
made in measures which can strengthen Swedish competition within the building

and civil engineering sector. Even now, and especially since Sweden has become a
member of the EU, international competition has increased. In many instances,

foreign consultants and contractors compete for the large contracts in the field of
infrastructure.

At the Swedish National Road and Transport Research Institute (VTI) there is a

programme council for highway engineering research, made up of the
representatives of road management authorities, contractors, machinery

manufacturers etc. With the above examples and in view of the large investments

in new roads, the programme council has proposed that a Swedish strategic
highway research programme regarding the construction and maintenance of roads

and streets HIGHWAY ENGINEERING 2000 should be planned and

executed over the period 1995 2002. The total cost of the programme is estimated

at SEK 200m.
The aim of the research programme is to cut the cost of construction and,

especially, the maintenance of roads and streets. A reduction in cost of even 1%
would produce a saving of the order of SEK 200m annually, i.e.' would pay for the
research programme many times over.

A working group within the programme area has selected a number of strategic
areas where it is judged that the need is greatest and the return in the form of

reduced planning and production costs is the maximum. The seven areas selected

are as follows:

0 Performance requirements for asphalt pavements

0 Cold plant mixes

0 Cement concrete pavements

0 Recycling of materials

0 Analytical design

0 Better and cheaper maintenance

0 Winter road maintenance

Detailed planning of the programme was carried out during the first half of
1995. The highway engineering sector in Sweden has participated in planning
through the working groups which drew up the programme specification and by
financing this work.

Work on the programme was directed by a steering group of the following
composition:
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Kent Gustafson VTI Chairman

Ulf Isacsson KTH, Highway Engineering

Tord Lindahl Asphalt Pavement Association

Rolf Magnusson Swedish National Road Administration
Jan Olof Nordlander Skanska

Jan Parmeby Swedish Transport and Communications Research
Board

Hans Silborn Swedish Association of Local Authorities

Olle Erlén Nordic Construction Company

Kent Gustafsson, VTI, was project manager for programme development work.
This work was carried out by working groups under the direction of the following:

Area Person responsible for
programme development

1. Performance requirements for asphalt Nils Ulmgren, NCC
2. Cold plant mixes Per Tyllgren, SNRA
3. Cement concrete pavements Bengt Ake Hultqvist, VTI

4. Recycling of materials Ulf Isacsson, KTH

5. Analytical design Leif G Wiman, VTI

6. Better and cheaper maintenance Lars Goran Wagberg, VTI

7. Winter road maintenance Lennart Axelson, SNRA

2 Experiences from other countries
SHRP in the USA

At the beginning of the 1980s there was a steep rise in investment in new

construction and upgrading of roads in the USA. The reason was that, owing to
low grants over a number of years, the road network had begun to deteriorate. An
investigation performed by TRB, Transport Research Board, found that a
proportion of the increasing investments should be allocated to a comprehensive
highway engineering research programme SHRP, Strategic Highway Research
Program (1). In 1987 Congress allocated $150m of the resolved Federal road
budget for SHRP. A detailed research programme was drawn up for the areas in
which the need for research was considered greatest. These areas were Asphalt,
Long Term Pavement Performance, Cement and Concrete, and Highway

Operations (incl. Winter Maintenance). A special organisation was set up within
NRC, National Research Council, to plan and carry out SHRP. Work started in

1987 and was mostly finished during 1994. Over 100 research projects were

procured in competition between universities, research institutes and by private

consultants. A large number of managers and specialists from the authorities and

the highway industry participated in management and expert groups and in this
way controlled the orientation of the programme. In 1993 Congress resolved to
allocate a further $108m for the implementation of the results of SHRP in
production and for the continuation of certain long term elements of the research

programme.
Both by Americans themselves and by the international highway industry, the

execution and results of SHRP are considered to be very successful. The
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programme had a special international orientation, through special "International
Coordinators" in over thirty countries, among them Sweden, and through "Loan

Staff", i.e. persons from some ten countries who worked at the SHRP offices in
Washington DC. The Nordic countries had representatives at SHRP for eight
years, 1986 1994. In Sweden monitoring groups followed the work by evaluating
the reports and results.

ASTO in Finland

In Finland a comprehensive sectorial R&D programme was carried out in highway
engineering. It was decided that the work should be concentrated first of all on

asphalt surfacings. The research programme - ASTO was carried out in 1987
1993 (2) with the final conference in April 1993. The total cost was ca SEK 100m,

and both the Finnish Road Administration, the Technical Research Centre of
Finland (VTT), technical universities, contractors and the binder industry

participated in the work. In view of the successful results of ASTO, Finland is this
year embarking on a new comprehensive research programme TPPT (3) into the

design and composition of road pavements.

SERRP in Europe

Within FEHRL, Forum of European Highway Research Laboratories, the

cooperative organisation of highway research institutes in Europe, a joint research
programme has been drawn up. The programme is called SERRP, Strategic
EurOpean Road Research Program, and work is in progress to obtain grants from
the European Commission to finance the programme. The start is planned for
1995, and the total cost will be ca 60m ECU over a three year period. The aim of

the programme is to plan a large number of research projects, to form consortia

between interested countries, and to apply for finance to the 4th EU Framework
Programme. Concerted effort has been instrumental in establishing highway

engineering much better than before in the specification of the framework

programme, and the chances of obtaining EU finance for highway research have

therefore greatly improved.

3 Goals

The common goal of the proposed projects in HIGHWAY ENGINEERING 2000
is to cut thecosts of the construction, operation and maintenance of roads and

streets. A reduction in costs by even 1% would produce annual savings of ca SEK
200m, i.e. of the same order as the cost of the entire research programme. For each
project and area, specific objectives have been defined, and these are described for

each area in Chapter 5. Another primary object of the programme is to produce
synergistic effects owing to the coherence of the programme across different areas
of activity

4 Advantages
An R&D programme common to the sector, of the kind proposed, has several
advantages. The following may be specially mentioned:
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0 Cost effectiveness

Studies in the USA and Finland show that concentration of resources such as

SHRP and ASTO make for much more effective research owing to cooperation in

the sector and, in particular, more rapid implementation of the results than
conventional research which is broken down into smaller and non coherent
projects and has a less effective relationship with research, road management and
production.

0 Technological advance

Large scale united effort by participants from all parts of the sector also creates

resources for innovative technology. One example is the ASTO programme where

a number of newly developed laboratory equipments of world class have been
produced within the framework of the research programme. Another example is

SHRP where new equipment is being developed for e.g. asphalt and concrete
testing and for automatic recording and repair of damage on paved surfaces.

0 Effective implementation

A difficult problem in conventional research projects is that it often takes a

long time for finished research results to be implemented in production. A

coherent research programme involves the representatives of road management

and production which facilitates the dissemination of research results. Since the

users can exert a real in uence on research, utilisation of the results is made

easier. Proper resources should in addition be allocated within the programme for

the planning and execution of an implementation programme.

- Cooperation between research and education

A large proportion of highway engineering research in Sweden is at present
conducted without any direct connection with education in highway engineering at
the technical universities. In a coherent research programme HIGHWAY
ENGINEERING 2000 the intention is that some of the research should be
carried out at these universities. In this way a natural relationship between

research and education is created within the programme. Work on ASTO in
Finland has for instance resulted in five new doctorates in highway engineering.

0 International cooperation

Many of the results from SHRP, ASTO and other international highway

research are also of interest for Sweden, but proper effort, both R&D and

implementation, is needed to translate the results which can be used under our

conditions into Swedish production. In order that the European research

programme SERRP should receive partial finance from the EU, it is stipulated that

cooperation is established between research, road management and industry in the
participating countries. Both in implementing SHRP and ASTO and in carrying

out SERRP, a Swedish highwayengineering research programme HIGHWAY

ENGINEERING 2000 would create the powerful basis which is needed for
effective utilisation of the international results and developments. In order that we
should benefit from international knowledge, it is also essential that we ourselves

have a solid knowledge base.
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5 Strategic research areas
During the planning stage of HIGHWAY ENGINEERING 2000, a special study

was made of the following seven areas, but other needs for R&D regarding the

construction and maintenance of roads and streets were also taken into

consideration in the discussions in the steering group and working groups. The

areas selected are those where the needs are greatest and where the return in the

form of reduced planning and production costs was considered the maximum.
Seven working groups under the direction of a responsible person have

described their own areas. For each area there is a description of the present state
of knowledge, urgent problem areas, goals, project proposals and execution.

5.1 Performance requirements for asphalt pavements

5.2 Cold plant mixes

5.3 Cement concrete pavements

5.4 Recycling of materials

5.5 Analytical design
5.6 Better and cheaper maintenance
5.7 Winter road maintenance
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5.1 Performance requirements for asphalt
surfacings

5.1.1 Summary

The fundamental performance requirements for asphalt pavements on the State

road network are based on the regulations laid down in the document "Regulations

for Maintenance and Operation (RUD)" published by the Swedish National Road

Administration. The most important criterion in these regulations is that "A road
surface shall be so even both longitudinally and transversely, have such friction

and such crossfalls that permitted vehicles can travel on the road safely". This

requirement is specified in greater detail, primarily in the form of permissible rut
depth in mm and permissible surface roughness in the form of the comfort index
IRI (International Roughness Indes). The above criterion may be regarded to have
universal application and to be transferable to other areas such as municipalities
and airfield pavements.

Through the form of procurement DCM (Design, Construct and Maintain)

contract, the requirements according to RUD have been translated into
performance requirements which contractors must observe when tendering, and
this is expected to promote the development of new products and more reliable

production. Owing to the increase in quality which occurs when knowledge
becomes an important competitive weapon, the road management authority

receives a better product for a relatively lower price, i.e. its annual costs are

reduced.
Performance requirements may be divided into Road User and Quality

Parameters, where the requirement according to RUD comes into the first

category. Quality parameters relate to requirements for the asphalt mix or for

individual courses. The performance requirements to be specified for asphalt
pavements vary from road to road depending on the type of road and traffic ow,

but at present there is one more factor which governs the choice of requirement

parameter, and this is the possibility of measuring the parameter in a relevant

manner, i.e. whether there is an accepted method of measurement available.

Among essential performance requirements, mention must first of all be made

of the Road User parameters Rut Depth and Roughness, and the Quality

parameters Wear, Stability and Durability. The concept Durability comprises
properties such as ageing and moisture susceptibility.

Three urgent problem areas have been identified:

1. Requirements for, and check measurements on, functional contracts
2. Methods of describing the functional, geometrical and structural state of the

road

3. Determination of the functional parameters of asphalt mixes/ surfacings.

It is at all times very difficult to quantify the expected results of a planned
research programme, especially when it is to be carried out on such a scale. At the
same time, it is no easier to make an individual assessment of the component parts

and their expected results, since they are very clearly integrated and dependent on

one another. A parallel may possibly be drawn.
During a twenty year period, from the beginning of the 19708 to the beginning

of the 19903, the abrasion resistance of asphalt surfacings selected for laying on

the road network carrying a high volume of traffic was improved by a factor of
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almost 10. Development proceeded at a rapid pace but implementation has been
slow; the concept of solving the abrasion problem by means of these highly

abrasion resistant asphalt surfacings which are used today existed as long as

twenty years ago. But owing to the difficulties the sector experienced in breaking

with a traditional pattern and accepting a new technique, which had no objective
methods of proving its superiority, implementation and acceptance were delayed.

Without any exaggeration, the failure toaccept the new technique and counteract
wear on our roads by means of the best possible asphalt surfacings, may be

estimated (conservatively) to have cost society SEK 100m for every year by which

its introduction was delayed.

DCM contracts and functional measuring methods are the instruments which

are needed if the development of new products and innovations in the sector is to

have any chance at all of being rapidly accepted in the market and thus producing
a large saving for society as a whole.

The proposed programme is expected in the long term to produce a yield at
least equal to the sum mentioned above.

5.1.2 Background

The fundamental performance requirements for asphalt surfacings on the State

road network are based on the regulations laid down in the document "Regulations
for Maintenance and Operation (RUD)" (1) published by the Swedish National

Road Administration. The road network is classified into a number of standard

classes A F, the requirements for which vary depending on road type and traffic

flow. The requirements specified are based on the road users' need for
traffickability and safety, as expressed below.

a) Traffickability and continuity

Unless a restriction is specially laid down, a road shall be accessible for vehicles
which are normally permitted on the network concerned.

When the road management standard is determined, the requirement for

continuity shall be borne in mind.

b) Cracks and differences in level

There shall be no cracks in the carriageway or differences in level between the
carriageway and the haunch which entail a road safety risk for vehicles including

bicycles.

c) Roughness, rutting, crossfall and friction

The road surface shall be so even both longitudinally and transversely, have such
friction and such crossfalls that permitted vehicles can travel on the road safely.

There shall be no ruts or surface irregularities of such an extent that the
requirements for winter road management cannot be satisfied.

The requirement in c) is expressed in the form of permissible rut depth in mm
and permissible surface irregularities in the form of the comfort index IRI.

In principle, the municipalities in the country stipulate the same requirements
those above for part of their street network (the part which carries a high

volume of traffic), but on the largest proportion (which carries a low volume of

traffic) which makes up more than 50% of the road network and which is not
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exposed to heavy traffic, the requirements must be specified on the basis of a

different approach (see 5.1.4).

On their airfields, the Royal Fortifications Administration and the Civil

Aviation Administration specify the performance requirements Roughness,
Friction and Cleanliness

Some years ago a new form of procurement, the "Design, Construct and

Maintain" (DCM) contract was introduced within the Swedish National Road

Administration. In this type of procurement the requirements are normally
expressed in the form of permitted rut depth and permitted IRI, with the guarantee
period (performance guarantee period) simultaneously extended.

The reason for this change to performance contracts in different forms is that it
changes the conditions for the players in the sector, both road management
authorities and contractors, and that by means of a targeted incentive for the

contractor it promotes development since the contractor now has an inducement to

0 make his production control (quality assurance) more efficient in order to
secure a uniform and good product,

0 improve and make more efficient his means of production,

- invest in the development of his own improved asphalt surfacing types.

Owing to the increase in quality which occurs when knowledge becomes an
important competitive weapon, the road management authority receives a better
product for a relatively lower price, i.e. its annual costs are reduced.

As set out above, the concept DCM Contractl has become practically

synonymous with the specification of performance requirements for the completed
pavement, but performance requirements can also be specified for the mix

(course) or the constituent materials (aggregate, binder etc). In view of this,

performance requirements can be specified at three different levels:
Pavement Road User Parameters

Course (Mix) Quality Parameters

Materials BYA84/VAG94 (Technical specifications)

where

Road Userparameters are equal to

the demands of road users regarding a serviceable road where they can rapidly,

safely and comfortably travel at a reasonable cost, for instance as expressed in
RUD, even though some parameters are really the concern of the road

management authority

Quality (service life) parameters are equal to

the demands of the road management authority for a high quality asphalt
product which gives rise to low annual costs and is easy to maintain, and

 

' The term DCM contract refers to construction of a new road or to resurfacing. Operation and

maintenance contracts and the problems associated with these are not treated here.
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BYA84/VAG94 is to all intents and purposes equal to
the traditional mix specification requirement plus requirements concerning e.g.

the mechanical properties of the constituent aggregate material.2

In order that the above development should occur, it is naturally essential that
acceptable test methods for performance should be available. At present the
application of performance requirements is limited by the fact that such methods
of measurement are often unavailable or not yet completely developed. The

parameters applicable to the first two categories are

Read Userparameters

rut depth, roughness, crossfall, friction, noise, lightness, surface drainage.

Quality parameters (service life)
abrasion, permanent deformation, fatigue, load distribution capacity (bearing

capacity), durability, moisture susceptibility/adhesion (freeze thaw cycles), low
temperature characteristics.

The bearing capacity of a road constitutes a complex problem when tenders for

DCM contracts are assessed, and this makes it very difficult to classify the
construction as having a certain remaining structural strength, if any, at the end of

the performance guarantee period.
When performance requirements for different types of asphalt surfacings (or

other materials) are discussed, it is important that the same standard should be

used at all times, i.e. that it is the desired performance which determines the

requirement level, and the products ought to be tested by the same functional
measuring methods. Different requirements should not be specified on the basis of
different test methods when an asphalt surfacing is produced by means of hot,

semi hot or cold mix technique, so that, for instance, the real requirement level is

lower for an asphalt mix made by the last technique. However, owing to the

different "maturity periods", it may sometimes be difficult to compare the

properties, primarily with respect to the quality parameters, of mixes made by

means of the different techniques.

5.1.3 Goals

The general advantages from which the road management authority benefits when
applying performance requirements is that quality is enhanced and development

proceeds at a faster pace. In procurement, knowledge and a high surfacing quality

become important competitive weapons. Nor need the road management authority
have any special competence in order that an alternative product may be procured.
Quality is raised more rapidly than price, and the road management authority will
therefore incur lower annual costs in providing the road users with an acceptable

road standard.
The goal of this project area is to give the sector access to adequate measuring

methods in order that procurement with requirements expressed in performance
terms should be possible. Procurement must be possible either by specifying

 

2 This traditional way of specifying requirements gives the contractor very little scope for his own

ideas and tends to hamper development, and the sector must therefore leave this stage behind and

be given a chance to work in a climate which encourages development. For the reasons outlined in

5.1.2, development resources should therefore be concentrated on the other two areas.
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requirements for the characteristics of the road surface over an extended

performance guarantee period, i.e. a DCM contract, or by specifying performance
requirements regarding certain fundamental parameters for asphalt mixes.

5.1.4 Present state of knowledge

General performance requirements

Ultimately, the requirements specified shall re ect the RUD regulations set out in
5.1 in order that an accessible and safe road should be created for the road user.
Obviously, the parameters mentioned earlier have varying in uence in this regard,
and the degree of in uence also varies with respect to road type and traffic ow.

At the present time there is one more factor which governs the choice of
requirement parameter, and this is the possibility of measuring the parameter in a
relevant manner, i.e. the availability of an accepted measuring method.

Heavily trafficked asphalt surfacings
On the heavily trafficked road network, wheeltracking mainly occurs through wear

by studded tyres, plastic deformation in the upper courses and failure of the lower

courses due to heavy traffic loads. The essential performance requirements in this
case are defined by rut depth, roughness, and wear and stability characteristics.

The exceptional loads exerted by braking and stationary heavy traffic which act
at e.g. signal regulated intersections in mainly urban areas and thus give rise to

particularly stringent requirements regarding the stability of the asphalt surfacing,
constitute a special case.

In urban areas it may in some cases be desirable to specify requirements
regarding noise abatement in the road environment.

Lightly trafficked asphalt surfacings in rural areas
On the lightly trafficked road network in rural areas, rutting mainly occurs through
plastic deformation in the upper courses and failure of the lower courses due to

heavy traffic loads. The essential performance requirements in this case are rut
depth, roughness and stability characteristics.

Lightly trafficked asphalt surfacings in urban areas
Lightly trafficked roads and streets in housing estates and combined pedestrian,
cycle and moped lanes seldom fail due to traffic but rather due to age. The binder

hardens, becomes brittle, and cracking occurs due to the action of sun, air and

water. The essential performance requirements in this case, in addition to

roughness, are therefore mainly the ageing characteristics of the asphalt surfacing.

A rough texture for high friction is in most cases, but notalways, desirable. For

instance, on small residential streets which are used not only by traffic but also
serve as play areas, the wish is to reduce the texture so that small children should

not graze their knees too badly when they fall over. At the same time, a rough

texture makes cleansing more difficult both in summer and winter, and can also
give rise to an undesirably high noise level.

Airfield surfacings

Airfield surfacings seldom fail due to traffic but rather due to age. Due to the
action of sun, air and water, the binder hardens, becomes brittle, cracks appear and

stones may also come loose. The essential performance requirements here, in
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addition to roughness, are therefore mainly the ageing characteristics of the
asphalt surfacing.

Other heavily loaded surfaces

Industrial hard standings, bus stops, parking areas for aircraft and for containers in

ports etc have their special problems both in the form of spills of oil, diesel and

aviation fuel and in the form of extremely heavy point loads. This imposes
demands for resistance to softening and also extremely high stability.

Road user parameters

Today there are a number of methods which can be applied in functional

acceptance tests, but the list is far from complete. Table 1 sets out the present
position by listing more or less acceptable functional measuring methods for Road

User parameters. Compliance with the requirements for the pavement is ensured

by measurements in the field on the finished pavement, and compliance with the
requirements for the roadbase is checked by measurements in the laboratory on
laboratory specimens.

Table 1. Functional measuring methodsfor Road User parameters.

           

Parameter Pavement Roadbase (Mix)

Ruth depth Model Laser RST

Roughness Model Laser RST

Crossfall Model Laser RST

Friction Friction vehicle Impact pendulum

Noise Noise measurement

Lightness Retro reflection NRetro reflectlon

LTL 800 LTL 800

Reflection Reflection

Surface drainage Drainage/Textu re Drainage/Textu re

 

 

Of the Road User parameters listed, the following normally have priority: Rut
depth, Roughness, Crossfall and Friction.

Rut depth

Model Laser RST in its present state is a good instrument for charting the

conditions at investment and maintenance level. The need in conjunction with e.g.
a DCM contract, i.e. at project level, is however different; a high level of precision
is required and Model Laser RST must therefore be developed.

Roughness
Roughness is expressed in terms of IRI (International Roughness Index) which is
intended to describe the way the road user perceives the road as regards riding

quality in the longitudinal direction. IRI is a composite index for irregularities of
different wavelengths, with the emphasis on the wavelengths ca 2 m and ca 10 m.
IRI may be regarded as a relatively good way of giving a road a general

classification, especially since it is possible to follow up the changes in IRI from
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year to year. A rapid change for the worse indicates that something serious is
taking place in the road pavement. It is however debatable whether IRI is a

sufficiently adequate way of describing the real surface regularity of a road. For
instance, it is not sufficient if IRI measurements are to form the basis for an

assessment of action required to eliminate irregularities, since this demands
information regarding the actual longitudinal profile of the road in real
dimensions.

Crossfall
The parameter Surface drainage is in uenced to a very high degree by the
parameters Rut depth, Roughness and Crossfall3 since these together confer on the

road surface the profile needed for water to drain off the carriageway. It is texture

which creates the space needed in order that water in front of a tyre should be

displaced rapidly enough to prevent aquaplaning. A combination of these four
factors could provide an expression for the Risk ofaqaaplaning.

Friction
Instruments for friction measurement have been available for many years, and the

existing friction vehicles will probably provide measurements which are good
enough to satisfy the need at project level also. The drawback which may be
mentioned is that it is still difficult to locate small "skid spots" of limited local
extent. Texture measurement may perhaps provide complementary information in
this respect. Measurement of texture is also desirable on asphalt surfacings where
there is a need for not only a minimum but also for a maximum texture depth.

Otherparameters
The parameters Noise and Lightness have so far attracted greater interest abroad

than in Sweden and development of measuring methods is thus taking place

elsewhere, which is the reason why we cannot regard this as a priority action area.
It is mainly in urban areas where it may in certain cases be desirable to specify

requirements for noise abatement in the road environment. It is not road user

considerations but rather economic considerations which are the primary reason

why light coloured surfacings are claimed to be desirable.

Quality parameters

Table 2 sets out functional measuring methods for Quality parameters, broken
down into cores from a finished pavement and specimens (slabs/beams or
cylinders) made from mix samples.

 

3 The concept Crossfall also includes the need for moderate Crossfall Change.
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Table 2. Functional measuring methodsfor Quality (Service Life) parameters

             

Parameter Pavement Roadbase (mix sample)

(core)

Slab/Beam Cylinder

Abrasion Test for surface Road simulator (VTI) PWR

abrasion Test for surface

abrasion

Permanent Dynamic creep test Wheltracking test Dynamic creep test

deformation

Fatigue Pulsating indirect Beam bending test Pulsating indirect

tensile test tensile test

Load distribution Stiffness modulus Stiffness modulus Stiffness modulus

capacity (bearing (Pulsating indirect (Beam bending test) (Pulsating indirect

strength) tensile test) tensile test)

Durability

Moisture suscepti- Adhesion index Adhesion index

bility Adhesion

(freeze thaw cycles)

Low temperature Pulsating indirect Tensile test Pulsating indirect

properties tensile test tensile test

 

Many of these methods are not fully developed, and what is most important, in
most cases there is no reliable correlation with the performance of the finished

pavement.
Naturally, not all the above parameters have the same priority.
One important element in determining the functional properties of asphalt

mixes and samples made in the laboratory is the conditioning of the samples
before the actual test in order that the service life (durability) of the surfacing/road
may be predicted. Not least is this important in the case of cold mixes which, in
order that they may be compared with hot mixes, must be conditioned so that they

attain their full maturity before the test.

Within the SHRP project in the USA the three parameters permanent

deformation, fatigue and low temperature properties were selected for the
classification of the surfacing mix, and measurement of these is part of the mix

design for SUPERPAVE. Resistance to permanent deformation is determined by
measuring the shear properties of the mix. Unfortunately, the apparatus used for

this is very expensive ($240,000) and it is therefore hardly likely to be available in

the Swedish market. It is emphasised that a study of the effect of moisture
susceptibility and ageing is an important element in determining the above

parameters. One serious limitation in applying the SHRP project for Swedish
conditions is that it is applicable only to conventional asphaltic concrete and

cannot be transferred to stone mastic asphalt and porous asphalt (3).
Work by CEN has concentrated on standardising methods for the

characterisation of the constituent materials (see VAG94), but future conditions

have also been considered and standardisation of performance related methods has
been discussed. The methods discussed are in good agreement with the above

table. At the same time it has however been found that there are serious
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difficulties in standardising these methods, one of the reasons being lack of
knowledge regarding the relevance of existing methods. There are some countries
which want to speed up work on functional measuring methods, but there are also
others which are not interested in this and are satisfied with the conventional
standard methods. It looks very likely that it will be many years before CEN has
drawn up standards for functional measuring methods (4).

Bearing strength

One parameter which does not really fit into the above two tables is the concept
Bearing strength, i.e. the total bearing strength or load distribution capacity of the
whole pavement.

      

Parameter Pavement Roadbase (mix)

Bearing strength Falling weight Stiffness modulus

deflectometer

measurement

 

The parameter Bearing strength (falling weight de ectometer measurement and
stiffness modulus) is an important parameter in estimating the remaining structural

strength, if any, of a road construction. The traditional way of measuring bearing
strength by isolated falling weight de ectometer measurements has its limitations.
Since bearing strength is dependent on a number of uncontrollable factors such as

temperature (bitumen bound courses) and water content (non bound courses),

these isolated measurements seldom provide a sufficiently good basis for the

assessment of the bearing strength of the road construction along the whole of its

length. By means of a continual measurement which is planned when Laser RDT

(Road Deflection Tester) has been developed, a better basis can be created for

assessing the real bearing strength of a road construction.

5.1.5 Problem areas of the greatest urgency

Requirements for, and check measurements on, DCM contracts

Fair assessment of the results achieved by a DCM contract, seen also through the

eyes of road users, requires accurate measurement of the rut configuration. Owing
to several factors, abrasion and deformation give the rut profile a varied

appearance (wide/narrow ruts), and registration of the rut depth only does not
provide all the information regarding quantity of material worn away/plastic
deformation or the risk of aquaplaning due to this and other factors. Clearer
illustration of this presumably requires a larger number of measuring points
(lasers) across the road in order that a more detailed transverse profile may be

obtained.

Other weaknesses of today's measuring apparatus are their sensitivity to

obstacles at the sides (e.g. kerbs) and the difficulty of placing the measuring
vehicle in the correct transverse position over the wheeltracks when these are not
clear or deviate sideways (for instance in bends).

Methods of describing the functional, geometrical and structural

state of the road

The existing Model Laser RST measuring system registers a large quantity of data
which can be used to analyse and evaluate the longitudinal profile in a different
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and perhaps better way than by using the IRI method. A better way implies, inter
alia, that systematically recurring surface irregularities within different wavelength

regions are identified and also that a real image of the longitudinal profile is
produced as the basis for an action programme to eliminate these irregularities.

Apart from the ability to establish the functional state of a project at the expiry
of the performance guarantee period, it is very important that it should be possible
to evaluate the structural state of the road and, on the basis of this, the expected
service life of the project/road before new maintenance measures must be taken.

Continual bearing strength measurements for estimation of the remaining
structural strength of existing surfacings/roads (e.g. Laser RDT) can be a very

urgent area in this context, but since relatively well financed development projects
are already in progress in this field, it will perhaps be solved outside Highway
Engineering 2000.

Determination of the functional parameters of asphalt
mixes/surfacings

Large scale and comprehensive work on creating programmes for the design of

new road pavements and the design of the necessary maintenance measures has

been, and still is, in progress. The aim is to create a more objective tool than the
old empirical methods. Analytical design means not only that the actual design
will be more reliable but it also implies that it will be easier to introduce new

materials and designs.
One serious problem in this context is to describe both new and old materials

through usable properties. One property which is often mentioned in this context
is the elastic modulus (stiffness modulus) which is a measure of the ability of a

material to distribute applied loads to lower layers. In order that relevant elastic

moduli may be used for asphalt bound materials, it is necessary to find a good
laboratory method for the determination of the modulus for different types of
asphalt materials, and to find an established correlation to actual conditions, i.e.

elastic moduli for asphalt bound materials when incorporated in the road
pavement.

Abrasion of the wearing course is a problem which has received much attention

for a long time. This is a problem which may be regarded today as largely solved

(at least technically). The new challenge is to solve the stability problems for

asphalt surfacings caused by vehicles of greater weight (both in total load and axle

load) and a greater number of heavy vehicles. In order that innovations and new
solutions may be introduced more rapidly and the problems may thus be solved
sooner, good functional measuring methods are required for the determination of

the stability characteristics of asphalt mixes/surfacings.

In producing new technical solutions of better overall economy, it is necessary
to have knowledge of not only the load distribution capacity and stability

characteristics of new bound roadbases but also their fatigue characteristics, a

factor which is very important in judging the service life of the product. Even in
this respect there is no established satisfactory functional laboratory method
available.

In all functional testing of the properties of bound materials it is very important
to consider the time factor, i.e. what happens to the product when it ages and is
exposed to the action of other external factors such as water. Conditioning of
samples should form part of all functional tests so that an adequate assessment of
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the expected service life of the product and the structure in which it will be
incorporated may be possible.

Conditioning, maturing, of samples is essential to enable cold asphalt mixes to
be tested under the same conditions as hot mixes. This is however dealt with in
the section on cold plant mixes.

In order that a correct assessment may be made of the resistance to excessively

rapid ageing of surfaces where failure occurs due to ageing rather than abrasion

etc, quite special methods are needed. One special wish is that it should be
possible to judge the state of a partialy aged (10 15 year old) surfacing so that
action may be taken in time.

One problem area of special importance for municipal road management

authorities is the noise created by road traffic. Low noise surfacings have been
developed but problems remain regarding the abrasion resistance of surfacings and
the durability of the noise abatement element. After just a few years the pores
often become blocked, which increases noise. In spite of development work to
find low noise surfacings of greater abrasion resistance or methods for cleaning

the drainage pores, the problem has not yet been satisfactorily solved. Further
development work is therefore required.

5.1.6 Project plan

Proposed projects

Requirements for, and check measurements on, DCM contracts.

Development of Model Laser RST for use at project level in conjunction with
DCM contracts.

Methods for the description of the functional, geometrical and structural

state of the road.

Development of Model Laser RST for a real description of the longitudinal profile
of the road as the basis for resurfacing and similar measures.

Rut development and failure models for an assessment of the expected service
life of the road/project (remaining structural strength in DCM contracts).

Determination of the functional parameters of asphalt mixes/surfacings.

Measuring methods to determine the load distribution capacity of bitumen bound

mixes/courses, expressed in terms of e.g. elastic modulus/ stiffness modulus for
use in analytical design.

Measuring method to determine permanent deformation on test specimens

(laboratory specimens/cores).

Measuring method to determine fatigue characteristics on test specimens

(laboratory specimens/cores).

Conditioning of test specimens in laboratory tests of functional characteristics
for the prediction of the service life of the surfacing/ road.

Method for the assessment of the service lives of asphalt surfacings over a long
time span (airfields and housing estate streets).

Organisation

For the main project, a responsible person who directs the work jointly with a
steering group is appointed. For each subproject, a project manager is appointed;
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this person has the duty ofcarrying out the project in accordance with the

guidelines and is responsible for the submission of the report on the project.

Cost

Cost frameworks will be laid down in the autumn of 1995. The costs of the

subprojects will be determined during the planning phase (see below).

Time schedule

Finance will be arranged and the responsible person, steering group and project

managers will be appointed in the second half of 1995 and the first half of 1996.
Detailed planning of the subprojects will be carried out gradually. It is expected
that work on the subprojects will start at the beginning of July 1996.

The project manager is responsible for ensuring that a written report is
submitted each year.

The latest date of termination for the projects is 2001.

Resources

The envisaged resources include all parts of the sector such as VTI, technical
universities, road management authorities, contractors, consultants etc.

5.1.7 Expected results

It is very difficult to quantify the expected results of a planned research
programme, particularly when it is to be carried out on such a scale. At the same

time, it is also difficult to make an individual assessment of each part and the

expected results of these, since they are very extensively integrated and dependent

on one another. A parallel may possibly be drawn.

During a twenty year period, from the beginning of the 1970s to the beginning

of the 19905, the abrasion resistance of asphalt surfacings selected for laying on

the road network carrying a high volume of traffic was improved by a factor of

almost 10. Development proceeded at a rapid pace but implementation has been
slow; the concept of solving the abrasion problem by means of these highly

abrasion resistant asphalt surfacings which are used today existed as long as
twenty years ago. But owing to the difficulties the sector experienced in breaking
with a traditional pattern and accepting a new technique, which had no objective
methods of proving its superiority, implementation and acceptance were delayed.
Without any exaggeration, the failure to accept the new technique and counteract

wear on our roads by means of the best possible asphalt surfacings, may be
estimated (conservatively) to have costs society SEK 100m for every year by
which its introduction was delayed.
DCM contracts and functional measuring methods are the instruments which

are needed if the development of new products and innovations in the sector is to

have any chance at all of being rapidly accepted in the market and thus producing

a large saving for society as a whole.
The proposed programme is expected in the long term to produce a yield at

least equal to the sum mentioned above.
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5.2 Cold Plant Mixes

5.2.1 Summary

Background

Although cold manufacture technique represents a portion of Swedish road
building history, it is difficult to describe it in concise terms since there have been

several different forms of the method over the years. In View of the future need for
innovation, the adaptability of the cold manufacture technique makes it a natural
area for development founded on the following:

o no preheating or heating of the solid constituents to a maximum

temperature of 50 °C

0 small or acceptable environmental load

0 production close to the point of use.

Purpose

The main purpose of the project is to propose and execute a programme

combining empirical knowledge and a new approach in utilising and developing
the potentials of cold manufacture technique. In order to orient resources and
innovation towards suitable areas, problems and requirements must be clarified by
persons experienced in road paving techniques. Both current problems and long

term strategies must be handled on the basis of new, realistic models.

Environmental considerations must be given a central position in development

work.

Present technique

Oil gravel, grouted macadam, asphalt cutback plant mix and cutback surface

treatments were used in pavements on low volume roads up to the mid 70$.
Emulsions were then introduced as bitumen softeners with several applications in
road construction. The industry conducted development on a broad front and the

expectations were high, perhaps too high. Despite the difficulties and setbacks, a

circle of enthusiasts has continued with this technique in the firm conviction that it

has a special value and development potential. Production resources are available
in plenty, but know how is more restricted. Neither have attitudes to the technique
been completely positive among road management authorities and contractors.

Urgent problem areas

There are a number of troublesome problems facing the technique and which
pavement engineers have long been trying to solve but without any real success:

- uneven consistency and surplus water in the pavement mixes

0 loss of stones from surface treatment

0 low wearing strength of slurry pavements.

Although there has been no lack of skill or desire for development, the problems
continue to persist to the same extent.
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Project plan

The main project is divided into seven sections:

0 models and tests

0 plant mixes

0 surface treatments

a .slurry

0 cold recycling I

0 environmental effects

0 education and information.

The last section concerns the spreading and implementation of knowledge.
Each section of the project has a project manager who has responsibility for the
technical result and who is contracted for the project jointly with the employer.
Candidates are found among contractors, the Swedish National Road

Administration, the VTI and Universities of Technology.
The main project, with a budget of SEK 26 million, is being prepared during

1995. It will commence in 1996 and be completed in. 2001.

5.2.2 Background

The cold manufacture technique has deep roots in Swedish road building tradition
and came into use during a period of expansion and modernisation of low volume

roads in remote parts of the country. Paving technique is now in need of renewal
in a situation with preserving and environmentally oriented management of both
the state owned and municipal road networks. The cold manufacture technique

has prospects of meeting a large part of these needs.
It is difficult to give a concise description of cold manufactured asphalt

products, since they have changed over the years in pace with new technical

advances. Some variants have been short lived, while others have survived the

initial trials and found applications and users. However, there are certain general

characteristics which are typical of this method and which could serve as a general

definition in further development work:

0 no preheating or heating of the solid constituents to a maximum of 50 OC

0 small or acceptable environmental in uence

0 production close to point of use.

Since the mid 70s, cold manufactured products have been associated with

emulsified bitumen. To ensure an open attitude prior to future project work, no
current products are mentioned in the general definition, even if bitumen
emulsions will probably dominate the product area for the foreseeable future.

5.2.3 Purpose

The overall intention of the planning project is to give this technique an identity

and to specify the orientation of activities in harmony with other paving
techniques and activities during the main part of the project. This will make it
easier for innovators to identify and concentrate on core issues. The goal for the

main part of the project is to find solutions to current problems in the short term
and eventually to build up a technical concept for future needs. This objective

includes aspects of the living environment and nature conservation, which
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nowadays are self evident considerations in all deveIOpment work. Cold
manufactured products must be made particularly adaptable to the requirements on
care of the environment and nature. I

5.2.4 Present technique

History
During the 50s, work on paving gravel roads gained a steadily increasing pace. Oil

gravel was the first method of paving a road network remote from permanent

delivery points using a material other than hot mix. Furthermore, large areas were
involved, which set considerable demands on production capacity.

Work started with binding road dust with oil in the existing road gravel directly

on the road. However, development continued quickly towards plant mixing and
laying with various types of machines. During the 603, oil gravel was
complemented with cutback plant mix. Instead of using cold technique, mineral

aggregate was heated to about 100 0C using simple heating equipment, the

technical conditions being generally the same. The intention was to produce a
material resembling hot mix more than the cold mixed oil gravel used previously.

In pace with the increasing use of heating equipment, mineral aggregate was also

heated for the oil gravel in certain areas. This gave a blacker and smoother mix,

but apart from this there were no decisive technical effects.
The introduction of studded tyres during the 603 increased the demands on

wear resistance of the pavement material. Oil gravel and cutback plant mix were
manufactured using local mineral aggregate, which was not always of the best

quality. Surface dressing justified the cost of a mineral aggregate with high wear
resistance, often transported a long distance, since no great volumes were
required. The surface dressing also had a sealing effect, thereby extending the

durability of the gradually dried out, frost damaged pavements. The advantages of

combining techniques and materials were perceived at an early stage.

At the beginning of the 705, oil gravel, asphalt cutback plant mix, surface
treatments and grouted macadam were the alternatives that were available for low

volume roads. Hot mix was still out of reach for several reasons. It was too
expensive and the road structures were insufficiently strong for the relatively stiff

asphalt. In addition, there was insufficient production capacity for distant paving

projects involving large areas.

Until the mid 703, the industry was dominated by the production resources of

the Swedish National Road Administration. Private contractors had so far not

shown any great interest in the cold mix technique. Possibly, such external

services were not much demanded by the Swedish National Road Administration.
It was realised on both sides that effective development required the involvement
of all the actors in the industry.

In this situation, consideration was given to new paving concepts and ideas

were proposed in several areas. It was clear that bearing capacity had to be
improved. This meant, among other things, major Work in cement stabilisation.

Existing materials were to be used and transformed to provide a strong structure.
The intention was laudable and the idea partly correct, but the problem of frost
heave remained and became intensified when the stiff and unyielding cement
stabilised layers were broken down.

From this starting point, together with growing environmental interest,

attention was directed towards bitumen emulsions. The result was a visit to the
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USA by representatives of the industry in 1975, when ideas were gathered and

machines acquired. The basis was laid for a broad introduction in every
conceivable application, where heating and solvents had previously been used for
softening bitumen.

In a unique way, road management authorities, suppliers and contractors

simultaneously became involved. Expectations were high, perhaps too high. The

broad programme created a vision that the technical concepts as they had been

presented were complete and operational. Now the situation was different and it

was possible that not everyone was equally enthusiastic and suited to the task. One
product which did not always do itself justice was AEB C), open graded cold mix.

Emulsions rapidly found application in surface treatment technique. The major
problems with the earlier cutbacks were the risk of bleeding and the emissions
from solvents. Emulsions provided a solution to these difficulties. The
disadvantages were, and still are, the risk of loose stones and a limited season of

use.
The original mix concepts were followed fairly closely throughout the 80s. Not

until the end of the decade were any new ideas presented. The desire to find
comparable alternatives to hot mix asphalt concrete and efforts to solve a major
problem with cold mixes, i.e. laying consistency, led the Swedish National Road

Administration to develop a new concept.
Much more could be told about the history of cold manufacture technique, such

as foamed bitumen and cold recycling. This brief and simplified description is

intended primarily to explain the view of the current situation and future plans. A

complete historiography must wait for another occasion.

Present situation

Plant mixes

Products
Product development in asphalt pavements is being kept "on the back burner" with

the exception of the Swedish National Road Administration's Production Division,
which has chosen the technique as one of its development areas. Using a concept
based on division of the gravel material into a fine fraction, which is mixed with a

softer bitumen, and a coarse fraction, which is mixed with a harder bitumen, the

intention is to achieve both a layable consistency and a durable pavement.
One type of pavement that has rapidly gained favour is cold recycled granulated

asphalt. The unusual structure, due to the appearance of the asphalt granules,

eliminates the trapping of emulsion water, a problem with dense gravel gradings.

At the same time, there is a problem with layability and traffic compaction.
However, effective co operation has enabled the industry to approve the product
and accept the disadvantages as well as the advantages, such as the disposal of a

waste product in a useful way and at a reasonable price.

Some failures with AEB O has reduced the use, causing a lack in the selection

of that kind of products. A similar pavement, provided beeing produced correctly
and used in appropriate contexts, would advantageously complement a well tested

and appreciated type of structure such as grouted macadam.

Processes

When the cold mix technique was introduced in 1975, the Swedish National Road

Administration had access to most of the equipment suitable for the purpose. The
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company Skanska acquired Midland Mix-Pavers and a number of mobile units
were purchased by other companies. Some years ago, the Swedish National Road

Administration renewed its production resources and along with the company
SVB AB supplied with newly purchased steam heated mixer plants from the
Finnish company Kalottikone OY, which were primarily intended for soft asphalt
production. The Swedish National Road Administration's Production Departments

in west and central Sweden developed the cold mix technique and built special

mixing plants based on the older plants from the Swedish company Lucksta. The

older versions of this type of plant are still in use among a number of private
contractors. Occasionally simple variants like the free fall mixer originating from

Norway is used. Consequently, the production resources are plenty in number but
it is questionable whether knowledge and experience are sufficient. By tradition
and at the disadvantage of development, the cold mix technique has been regarded

as a low price method, requiring minimal production inspection and product
development, with some notable exceptions.

Applications
The ambition on the part of the Swedish National Road Administration Production

Division was to create a cold mix concept also for roads with medium traffic

volumes, up to an AADT of 3,000 4,000. Much effort has been put into achieving

this target. At present, the rest of the industry has a hesitant attitude to the product,
partly because of mixed experiences from the 805. In addition, the cold mix

technique has had competition from slightly heated soft asphalt, a technique that
has been more successful than cold mix technique in balancing the requirements,

product and process, the latter using steam heating. It should be a feasible goal to

replace heated soft asphalt with a corresponding cold mix as road base and

wearing course on low and medium volume roads.

Cold mixes based on recovered granulated asphalt are used in every

conceivable pavement function. A somewhat uncritical attitude to the

characteristics of the product makes it desirable to follow up the results.

Market

At present, cold mix products face strong competition from similar alternatives.

The emulsifying process makes the process so much more expensive, that it is
difficult to compensate in full the extra production cost with the savings potentials
available. The costs of handling the emulsion must be brought down if price
competition is to be possible between slightly heated mixes and cold mix

technique.
Highly mobile hot mixing plants are in use which scour the market for projects

of any size, and clients have adapted their paving plans accordingly. Having funds
available, it is understandable if road management authorities for once spend
money on something they believe will work better. It is a pressing pedagogical

task to explain why hot mixes and cold mixed pavements are not exchangeable

quantities. The market's actors must thereby also be able to rely on a steadfast

attitude on the part of the client, which does not change with economic cycles.

An interesting market niche is asphalt recycling, in this case the cold mix
version. Also here, a somewhat clearer statement of intention might be desirable
on the part of the community and road management authorities.
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Surface treatment

Products

Several variants have been tested over the years. Single surface dressing, YlB, is
the most common one and serves both as sealing and wearing surface. However,
the desire for better economy has led to lower quality. Following a number of
failures in recent years, several development projects have been initiated. The

Swedish National Road Administration's Production Division is working with a
polymer additive, the Nynas and Skanska companies with breaking additive
technique and the Swedish National Road Administration and VTI with pre
treated aggregate.

Processes
Surface treatment is performed by specialised workers and the equipment is

usually well designed for its purpose. What might be questionable is the amount
of rolling performed. In other countries, much more work is put in to ensure the
orientation and fixing of the aggregate. It is a sign of weak interest in the road

user's situation to allow loose material to remain on the road surface to the present
extent.

Applications
Since the quality of mineral aggregate for asphalt pavements has improved over

the years, wear resistance as a reason for surface treatment has tended to be

overlooked. Instead, the sealing effect, i.e. the possibility to extend the function of

aged pavements, should be emphasised to the advantage of surface treatment.
Other important requirements that surface treatment can meet with minimal

consumption of material are structure, friction and lightness, which will attract

increasing attention in the future.

Market
Surface treatment have long been plagued by poor profitability and the situation is
unlikely to improve by itself in the foreseeable future. A dedicated group of
producers are keeping up the technique. If the client begins to realise and better

appreciate the potentials and true value of the technique and the product, it would
be possible to pay more attention to design and thereby to improve and extend

performance.

Slurry

Products
Cold mix products also include so called slurry and what other names are given to
this type of pavement (micro asphalt, etc). Despite the high bitumen content, the
pavement is brittle owing to the structure created when the emulsion water has

left. In warmer countries, this property is to the advantage of the product and this
type of pavement is therefore relatively common. The need for product
development and adaptation to Swedish conditions is evident.

Processes
The technique meets all criteria on cold mixes in terms of simplicity and
manufacture close to the point of use. In addition, it is attractive from the traffic

aspect, since traffic can be released onto the paved road almost immediately.
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Applications

The most prominent application is a combined function such as sealing and
smoothing of aged asphalt surfaces, mainly airfields and low volume urban roads.

Disadvantages in the form of low abrasion resistance to studded tyres and a
surface structure without tangible colour or texture limit its applications.

Technically, slurry has a greater potential than today's volumes and applications
indicate. The problem is that it has not been possible to correct the material
defects and to adapt the product to other techniques. There has been good
intentions among the contractors but the clients have so far been less responsive to
the proposals, such as slurry on surface dressing, also known as Cape Seal.

Market
In view of the limited market, the industry has shown a surprising degree of

interest in this type of pavement. If the actors in the industry persevere a little
longer, there should, however, be market potentials in the maintenance phase now

facing road management authorities with limited resources. Much depends on
being successful in adapting to requirements and co existing with other

techniques rather than competing with them.

Priority problem areas

The future for cold manufactured products
The various forms of cold manufacture technique have a number of attractive
aspects which appeal to highway engineers. The environmental value is clearly

perceived, which does not mean that an evaluation should be set aside. There is a

simplicity in the processes that permits a focusing on product characteristics and

the needs of the individual road project, regardless of size and location. However,
satisfaction in this respect must not be allowed to obscure the limitations and

disadvantages. It would be doing the technique a disservice. There is a large risk

of ending up in a cul de sac, from which it would be very difficult to retreat, not
least owing to the many expectations that have been built up.

In regard to heating, the basic requirement is that the solid constituents must
not be heated. This is not a matter of principle but primarily involves an

evaluation of the environmental effects. The assumption is that heating energy is
provided by fossil fuels and heating must take place to such levels that necessitate
the separation and handling of fines, which are nevertheless dispersed in the
atmosphere. It is fully conceivable that heating in the future can take place with

renewable energy and in a way that is acceptable in all environmental respects.

The technique of steam heating provides an indication of this possibility. For the
present, however, cold mix technique remains a model and a challenge to hot mix
technique in this respect.

Plant mixes

Product function
The major problems with asphalt mixes manufactured with emulsions continue to
be:

0 mix consistency

o emulsion water.
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A further basic problem is the inability of bitumen emulsions to penetrate the
capillary spaces in the fine fraction of the gravel. In this respect, the emulsification
process differs from heating of the bitumen, one of the reasons being the fact that
the fine grained suspension in the emulsions consists of bitumen particles with
relatively high viscosity. Another reason is that the emulsion systems available
have an instable balance. Once breaking has started, it often proceeds very
quickly. The fine particles, which should really find room in the smallest spaces,
rapidly form agglomerations which the spaces cannot accommodate.

The dependence of the consistency on the breaking sequence is a further aspect

where the behaviour of emulsions and emulsion mixes does not resemble that of

hot mixes. In the latter case, the consistency is significantly affected by the

cooling sequence, which is considerably easier to control and judge than the
breaking sequence has been so far.

These problems have been faced since the beginning and major efforts have
been made to find solutions. These include:

0 chemicals that assist breaking

0 chemicals that inhibit breaking

0 soft types of bitumen for the fine fractions

0 solvents.

At regular intervals, it has been stated that a solution is on the way. In reality,

obstacles of various types are encountered which cannot be circumvented. The
situation has arisen through the choice of model, the hot mix concept, and there
are two reasons why this is almost impossible to simulate: the breaking

mechanism and the water. Hot mixes contain almost no water. All the spaces can

be filled With bitumen, which is also facilitated by the cooling sequence when
trapped gases are drawn together, creating an under pressure in the gas filled pore
systems. These conditions do not exist when mixing bitumen emulsion in a

naturally moist, densely graded gravel. The trapped water in the compressed

gravel can then cause instability through pore water over pressure.

At the beginning of the cold technique period in the 703, questions were raised

about the very open grading of AEB O, which resembled macadam and led to

problems with run off. One of the causes was the trapped water in the dense
gravel, another was the more uniform paving consistency with a mineral aggregate
corresponding to AEB O.

Foamed bitumen was introduced as an alternative to emulsions in this context.
Since the foam technique does not suffer from the. same problem with water, it

may appear the obvious solution. However, foaming bitumen is a completely
different way of reducing the viscosity. As the name indicates, it is a foam

produced by water vapour and consists of surfactant chemicals and bitumen

lumps. The latter have equally problems, if not more, to penetrate the smallest

spaces. Nevertheless, they do have one effect which is considered positive.
Agglomerations of bitumen lumps and fine fractions create an almost granular
consistency that makes the asphalt attractive from the handling aspect. The

question is what characteristics the mix has in the finished pavement and the

durability these characteristics offer. In the search for efficient solutions, foamed
bitumen should naturally be considered a possible path, although it is equally
important here as elsewhere to have a clear idea of the actual situation.
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An urgent area for research is the design of pavement mixes in functions such
as road bases and wearing courses. The problem is to analyse these less cohesive
pavement types with the existing function models, which are based on cohesive
properties, using test methods developed for hot mixes. In addition, test methods
can only simulate actual stresses to a limited extent. It is a question of which
limited portion of reality is to be simulated. It also occurs, for technical reasons,
that chosen methods re ect characteristics that have nothing to do with the
pavement s function in the road structure.

It is clear that pavement types similar to cold mixes, like unbound material,
appear less satisfactory in most tests and models than they have proved to be in
reality. This is also a primary area of research: the definition of determinative
characteristics and the design of measuring methods for cold and soft bitumen

mixes used in pavements. Probably, this will lead to other valuations and
descriptions of reality than for the hot mix product area.

Production technique

Although manufacturing resources are available, the question is whether they are

suitably designed for cold mix technique. The latest wave of renewal in machinery

was oriented mainly towards products resembling oil gravel and slightly heated
soft bitumen mixes. It is an urgent task to formulate the requirements on mixing,
mix design and other handling. Excessively simple variants, or for that matter,

excessively sophisticated and expensive variants, must not be allowed to control
the market and the technical outcome.

Market
Considerable production capacity for hot mix manufacture is available in the

geographical area where soft asphalt and cold mix products are normally used. So
far, the mobile hot mix technique has not been subjected to a detailed

environmental examination for formal reasons. In Sweden, the requirements on

mobile plants of this type are lower than for fixed plants, unlike countries such as
Germany. Together with subsidised energy, this contributes to a reduced interest
in ordering "simpler" soft asphalt and cold mix pavement types, to the advantage

of today's practically and economically available "better" pavements, which hot
mixes could seem to be at first sight. The burden of environmental costs and

future maintenance for an inappropriate choice of pavement may fall elsewhere.

The client is responsible for producing rules of a permanent nature so that

contractors are willing to work for cold manufacture oriented organisations and
acquire suitable plants.

Surface Treatment

Product function
Emulsions present almost no problems in pumping, storage and spreading, apart
from the transport of a fairly large proportion of water and certain difficulties such
as run off and premature breaking. However, these are minor drawbacks in

comparison with the benefits:

0 convenient temperature for working

0 simpler equipment

0 a softening process with acceptable environmental effects.
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The latter point should, however, be studied more closely, since it is highly
dependent on the choice of emulsifiers and other additives. Even if most of the
emulsion water evaporates, it is possible in rainy weather for the emulsion to run

off the road surface and enter a recipient. The matter has been dealt with before,
but it is of such importance that it must be shown repeated attention.

In the case of purely technical issues, it is an indisputable requirement on the

part of road users that stones or chippings do not loosen either during laying or

subsequently. No efforts must be spared in meeting this requirement, since this
type of pavement is of great importance for road users and road management
authorities.

Production technique
The adhesion to the road surface of the mineral aggregate depends on the
spreading method (surplus quantity, "racked in" technique, etc.). Whether this is a

question of equipment or laying technique is of less significance; the important
thing is that all stages of the process lead toward the same goal: no stones are to
loosen from the surface.

One stage that must be given special attention is the orientation and fixing of
the mineral aggregate in the bitumen emulsion after spreading, i.e. the rolling

process. Here, as in other contexts, the requirement on technical construction must
be clarified in order to choose the right type of machine for the purpose rather than

what is available.
Since objectives of this type cannot always be formulated in function related

terms, it is possible that the machine type, number and operation must be

specified.
A successful result of surface treatment is based very much on local

knowledge, which must be given greater attention.

Market
The potential application for surface treatments really consists of all road surfaces.
In countries without studded tyres, also high volume roads are paved. For this
reason, the technique has a promising future. Since the volume, capacity and price

have been the main interest in the industry in recent years, (all actors, clients
included, have contributed to this), road management authorities must permit a
greater focusing in functional aspects with the financial consequences this may
have. Such a change in attitude should improve the profitability of surface
treatments.

Slurry

Product function
The slurry technique must solve the problem of brittleness or make the product
suitable for other concepts so that this property is not decisive. It is also necessary

to be cautious so that the search for increased volumes does not lead the product
into areas where better alternatives exist. The slurry technique can be improved,

but it must be based on a clear View of the nature of the problem and combinations
with other techniques, whether cold or hot.
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Production technique
The manufacturing process is special and demands the expert knowledge obtained
through experience. Therefore, it is difficult to assess the development need for
this process technique from an external viewpoint. The technique must be
complemented with the methods and materials that jointly expand the use of slurry
as a product. This may, for example, be a matter of spreading chippings to give the
surface colour, texture and wear resistance. It is complements of this nature rather
than process changes that offer development possibilities in the short term
perspective.

Market
It should be possible to achieve reasonable volumes jointly with other pavement

techniques. There is a problem in the limited financial space. It will be necessary
also in the future to concentrate on niche areas in the same way as at present. With
today's product characteristics there is little prospect of slurry becoming a large
volume product, at least in terms of area similar to surface treatments. However,

technical progress in reducing the disadvantages- may radically change this

Situation.

5.2.5 Project Plan

Introduction

Description

The main project is divided into seven sub projects:

0 models and tests

0 plant mixes

0 surface treatments

0 slurry

0 cold recycling

0 environmental effects

0 education and information.

The various parts of the project have many interfaces and the preliminary

results will form a basis for further work. Co ordination is important for the

iterative tasks inthe main project.

Expected result

It is generally agreed that the cold manufacture technique is of potential benefit for

road management and the community, but the technical results have so far not

been convincing in every respect. The main project is intended to solve current
problems, create a basis for a long lasting pavement concept and ensure its

longevity by spreading knowledge of the technique through university and

industrial education.
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Sub-projects

Models and tests

Description

The test methods and models applied so far for force interaction and degradation
are based on measurability and the specific properties of hot mix. The decisive

properties of cold mix asphalt pavements, together with unbound material, cannot
be described with these models. New concepts are required which are based on the
requirements of the technique and products.

This work will be performed by the VTI, universities and industrial research

laboratories in the form of specific commissions, doctoral theses and examination
projects.

Expected results

The sub projects are to result in:

- identification of decisive characteristics

0 a model for deformation and spreading of forces

0 test methods re ecting true stresses and desirable characteristics.

Estimated value

The benefit lies in choosing the right type of pavement and a suitable design for

given conditions. The value can be expressed most easily in extended life.
Common wearing courses of this type have a life of about 15 years. An extension
of one year would save about 7%. Expressed in monetary terms, the saving would

be about SEK 10 million a year.

Cost

The sub project will occupy a total of 65 man months at a cost of SEK 5.0 million

for the period 1996 2001.

Plant mixes

Description

The sub project will gather expertise from various areas: surface chemistry,
laboratory testing, manufacture technique and road measurements. It will demand

an innovative approach and the ability to combine processes. Core issues will be

workability, water, stability, cohesion and durability. Both planned and

implemented concepts will be given development possibilities.

Expected results

The sub project will result in general industry concepts at the same time as

encouragement is given to company specific products for wearing courses, base
courses, road bases, sub bases and asphalt levelling courses for low and medium

volume roads.

Estimated value

Improved material characteristics will lead to increased performance in the form
of longer maintenance intervals. A moderate expectation is an extension of one

year for the maintenance interval, i.e. a value ofat least SEK 10 million a year.
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Cost

The sub project will occupy a total of 80 man months, at a cost of SEK 6.2

million for the period 1996 2001.

Surface treatments

Description

The orientation and adhesion of the stones in the mineral aggregate and the

limitations concerning traffic and season are central problem areas. Since surface

treatments are important maintenance methods and complementary products, they
must involve as few restrictions and complications as possible.

Surface chemistry and manufacture technique will be given particular attention

together with effects of various types of underlying pavement materials. Sealing

effect, rejuvenation effect, structure, lightness and friction will be primary
function parameters for surface treatments.

Expected results

Surface treatments must be trafficable after a few hours without the risk of flying
stones and the mineral aggregate must stick to the surface until worn down. The
season should be the same as for plant mixes for wearing courses. The purpose of
surface treatment shall be made clearer in road management.

Estimated value

If surface treatments are accepted to a greater extent on high volume roads and in

urban areas, the gain will be not only economic but also reduced consumption of

gravel and rock materials. In monetary terms, this is a matter of SEK 5 million a

year.

Cost

The sub project will occupy a total of 40 man months at a cost of SEK 3.1 million
for the period 1996 2001.

Slurry

Description

Development will be focused on wear resistance, surface structure and adhesion to
the underlying layer. Since the technique is more common in other countries, this
is where problem solutions and new concepts should be sought. An existing
Franco Swedish project in cold mixes should be used for this purpose. Since the
French have gained good insight into Swedish road building conditions over the

years, fruitful co operation may be expected. Swedish competence is mainly

found in manufacturing industry, so it is only natural that practical development
work is performed within that circle.

Expected results

The applications of slurry pavements are being broadened as they are developed to
become more wear resistant and durable, and with a structure meeting today's

function requirements, possibly in combination with other techniques.
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Estimated value

The gain from better slurry pavements is in extended operational life through
increased performance and increased volumes as a complementary product to
other types of pavement and is valued at SEK 3 million a year.

Cost

The sub project will occupy a total of 20 man months at a cost of SEK 1.5 million
for the period 1996 2001.

Cold recycling

In Sweden, a combination of cold manufacture tradition, long transport distances

and maintenance requirements makes cold mixing recycling of asphalt a natural

choice. The technique needs to be developed and handling planned to meet the
increasing interest.

Removal, collection and storage must be planned jointly by different road
management authorities. Profitability, or at least partial financing, will be arranged
through agreements between the industry and the authorities. Technical
development will be carried out together with cold plant mixes.

Co ordination and co operation with hot mixing recovery of asphalt and other

utilisation of waste products in road construction and the building industry is
necessary and will be carried on with authorities and companies in the industry.

Expected results

The aim is to produce general rules for the collection, storage, financing and

technical optimisation of pavement products according to local needs and

conditions. A secondary goal is to obtain the community's support for this urgent

purpose, saving nature resources and sparing the environment the waste products.

Estimated value

Based on prices of materials, the saving will be SEK 15 million a year, in addition
to the value of a reduced burden on the environment.

Cost

The sub project will occupy a total of 60 man months at a cost of SEK 4.6 million
for the period 1996 2001.

Environmental effects

Description

The cold manufacture technique in general and emulsions in particular are
normally given a favourable environmental profile. However, this is based more
on assumptions than factual knowledge. Cold plant mixes must be inspected and
evaluated to the same extent as products with an apparently greater burden on the

environment.

All forms of cold manufacture technique, both new manufacture as well as
recycling, during storage, production and operation will be evaluated according to
available methods of assessing environmental loads. This work will be performed
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at universities as doctoral theses and as part of the ordinary activities of the
community's environmental protection organisations.

Expected results

The various forms of cold manufacture techniques will be described with
environmental load profiles as a guide for ongoing work towards better

environmental considerations.

Estimated value

A correct environmental evaluation is of benefit not only for the cold manufacture
technique but also for the whole road pavement industry. The potential benefit lies
in leading development towards a favourable environmental assessment and

thereby avoiding the charges that will be imposed on environmentally negative
activities. In economic terms, the value should be several million Swedish kronor

a year.

Cost

The sub project will occupy a total of 35 man months at a cost of SEK 2.7 million

for the period 1996 2001.

Education and information

Description

In a world of changing needs and requirements, there is a demand for adaptability
of products and processes. Cold manufactured products and cold manufacture
technique have this potential, which must be cultivated and developed with the aid
of efficient function models and thorough knowledge in every organisation.

By spreading knowledge of cold manufacture technique and progress in schools
and the industry, a basis can be built for the future and beneficial impulses created.
The technique has a "status" that should attract young engineers. To have a fair

chance to become skilful and efficient they must be given support by experienced

paving engineers. Experience and creativity are effective elements. Here, doctoral

and project work will form a natural contact activity between schools and the

industry.

Expected results

The sub project comprises continuous work on the implementation of the project

for cold manufacture technique. Major innovative advances are rare and must not

be anticipated. Success in this case is the sum of several discoveries and
experiences. The results of the sub-project cannot be measured in the short term
other than through consistently high quality of the educational material and well
trained and dedicated teachers, spreading knowledge about the progress and

potentials of the technique through basic and advanced teaching.

Estimated value

Education of today's actors and coming generations of engineers in cold
manufacture technique will ensure its future and thereby safeguard the values
achieved. During the initial period, the annual total profit is estimated at SEK
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45 50 million. It is reasonable to put the value of this insurance at SEK 5 million a
year.

Cost

The sub project will occupy a total of 36 man months at a cost of SEK 2.8 million
for the period 1996 2001.

Organisation

A project manager will be appointed for each project with responsibility for each
sub project being executed and reported in accordance with the guidelines.

The project activities will be linked by the manager of the main project, who
will be assisted by a steering group composed of representatives from the industry

and authorities and with administrative support from organisations involved.

Costs

Grants will be awarded to every type of work apart from pure contracting work.
The grants will be in the form of paid working time and overheads, services and

materials supplied and funds for purchased services and equipment.

During the period January 1996 to December 2001, the project will have a
budget of SEK 26 million based on the 1995 cost level, evenly distributed among

approved monthly and annually accounted payment plans.

In relation to the annual cost saving of approximately SEK 50 million after

conclusion of the project, the investment will be repaid and profitable the

following year. Part of this profit will constitute company profits for a period,
until reduced by competition. The profits will gradually be transferred to the

community.

Schedule

During autumn 1995, negotiations will take place, agreements will be signed with
finance sources and projects managers will be appointed. From 1996, they will
take over the Operative responsibility for the respective sub project. After 1996,
the initial parts of the sub projects will be reported, together with plans for the
main parts during 1997 2001. By mid year 2001, the result of the sub projects
will be reported and the final report on the main project issued by the end of the
year.

Resources

The industry's capabilities will be utilised through agreements with the employer

and persons involved. They will be chosen among road management authorities,
contractors, employees of the VTI, universities or institutes and authorities with

skills in this area. The intention is that the cold manufacture technique as such
together with its major development potential will awaken general interest and

attract creative talents. The subject is especially suited as a focusing object in
university education, both in road construction and chemistry.

All those expecting to gain through the project will be invited to provide

finance: road management authorities, contractors, suppliers, schools,

environmental authorities, and not least, development organisations. The main
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benefit and advantage will go to those providing grants and who dedicate

themselves to the project.

5.2.6 References

There is no lack of literature on this subject, but little of this is has to do with the

orientation of this project. An interesting overview was presented at the NVF

Committee meeting in the city of Skagen, Denmark, in 1993. The report describes
the approach to the technique in each Nordic country. It provides a good picture of
attitudes, hopes and scepticism based on a Nordic Viewpoint:

Cold manufacture technique - technical, nancial and

environmental potentials.

NVF Committee 33 - Plant Mixes, Skagen, June 1993.

In France as in the USA, there is a great volume of literature. The beginning of
the sub projects will include studying what has been written and presented in each

sub area.
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5.3 Cement concrete pavements

5.3.1 Summary

Swedish adaptation to the EU loading regulations permit vehicles with higher axle

loads and tyre pressures on Swedish roads, and this places greater demands on the
load distribution characteristics of road pavements. In recent years developments
have therefore proceeded towards road pavements of increasing stiffness 0n the

heavily trafficked road network. Concrete pavements are not deformed by heavy
traffic and are in addition highly abrasion resistant, with good resistance to wear

by studded tyres which minimises wheeltracking. Experiences of Swedish
concrete roads from the 19705 have also shown that maintenance costs are low
and there are few traffic disruptions, and this has been instrumental in getting the
Swedish National Road Administration to resume construction of concrete roads
for highly trafficked motorways and tunnels. Owing to International

developments, properties such as friction and noise have also clearly improved in
recent years.

However, increased use ofconcrete roads necessitates an improvement in the
competitive situation. What is most important is to reduce the construction and

maintenance costs of the concrete pavement without shortening service life. This
can be done by optimising design, developing new concrete mixes and new types
of cement, and introducing more efficient production methods. As far as Swedish

conditions are concerned, it is essential to further optimise concrete composition
and surface properties with regard to friction, noise and wear resistance. The wear

resistance of concrete is specified on the basis of results obtained in a road

simulator. Further data are necessary to verify results in the simulator by
measurements in the field. At present there is a shortage of important input data to
enable a life cycle cost model to be developed for concrete roads. Continued
monitoring and evaluation of changes in the state of concrete roads is an essential
part of the work on a life cycle cost model.

In VAG 94, semi rigid pavements (CBC) were given a more cost effective
formulation. In addition, mix in place is permitted in View of Finnish experiences,

which further cuts construction costs. The use of semi rigid pavements have
therefore become of interest in Sweden. Establishment of foreign know how in

Sweden is an important task.

In the municipalities, concrete pavements have been used on only a small scale
for streets. In recent years, both their use and the number of fields of application

have increased. It is therefore necessary to improve knowledge of design and
detailed solutions for traffic bearing areas in municipalities. An important task is

to optimise the properties of the surface in View of municipal needs.

The goal of the following programme is to cut the construction and

maintenance costs of concrete roads by at least 20%. Other aims are to develop
environmental concrete pavements of low noise level, good wear resistance and
good friction, and to develop methods for cement stabilisation of secondary gravel
material and building waste in order to conserve our natural gravel resources. In
the case of semi rigid pavements the aim is to develop a new design and crack
model. The purpose in regard to municipal roads and heavily trafficked areas is to
indicate fields of application for concrete pavements and to design constructional
details. Pertinent information and purposeful implementation of research results is
an important element.
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The intention is to secure long term technical, economic and environmental

competitiveness for concrete roads. From a macroeconomic standpoint, this will
change the price level and quality of both asphalt and concrete roads in a positive
direction. Research with a view to improving the surface characteristics of

concrete roads will enhance both road safety and environment and reduce
maintenance costs. Development of methods for recycling/re use and for cement
stabilisation of secondary gravel material and building waste will reduce the

demands on our natural gravel resources. The research programme promotes close
cooperation between different researchers and with clients and contractors, and
this will make research more effective and will facilitate the dissemination and
application of research results. These will be continuously promulgated in reports,

seminars and articles in journals.

5.3.2 Background

Previously, technical development of concrete pavements on the part of

municipalities, the Swedish National Road Administration and airports proceeded

at a relatively slow pace in Sweden. This is natural since in the 705 and 805 this
pavement type was used to only a limited extent on streets, roads and airports. One
example of this is that during the above period only two concrete roads were built
in Sweden. In recent years, the interest in concrete pavements as an alternative and

complement to asphalt pavements has increased.
Swedish adaptation to the EU loading regulations permit vehicles with higher

axle loads and tyre pressures on Swedish roads, and this places greater demands

on the load distribution characteristics of road pavements. In recent years

developments have therefore proceeded towards road pavements of increasing
stiffness on the heavily trafficked road network. Concrete pavements are not

deformed by heavy traffic and are in addition highly abrasion resistant, with good

resistance to wear by studed tyres which minimises wheeltracking. Owing to
international developments, properties such as friction and noise have also clearly

improved in recent years.
Experiences of Swedish concrete roads from the 1970s have also shown that

maintenance costs are low and there are few traffic disruptions, and this has been

instrumental in getting the Swedish National Road Administration to resume
construction of concrete roads for highly trafficked motorways and tunnels.

Another argument in favour of concrete roads is the duty of\ the client to create
competition between different road construction materials. Cement is in addition a
product which is made in Sweden from domestic materials and its recycling

capability is well documented.
In the municipalities large quantities of concrete blocks and pavers are used on

footways, pedestrian streets and open spaces. Concrete blocks and in situ concrete
are also used on heavily trafficked areas such as industrial pavements, bus streets,

bus stops and traffic lanes near traffic lights. It is mainly the durability, stiffness,

lightness and, not least, the aesthetic appeal of concrete which are valued. On

traffic bearing streets also there are great opportunities for the use of concrete

pavements, as has already been demonstrated internationally.
For air traffic, the chemical resistance of concrete and its resistance to

deformation have increased its attraction. The interest in concrete pavements is
also due to the good experiences gained both in Sweden and internationally.
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5.3.3 Present state of knowledge

Since 1985 a jointly financed research programme has been conducted at VTI into
cement in road pavements. Research since 1990 has been carried out in
cooperation between VTI and the Swedish Cement and Concrete Research
Institute (CB1). This programme has been jointly financed and directed by the

Swedish National Road Administration, Cementa and the Development Fund of

the Swedish Construction Industry (SBUF). In the first few years work

concentrated on gathering international knowledge in this subject and producing
new specifications for construction and design. In recent years a large number of

research projects has carried out withinthe programme. Work in these projects

mainly concentrated on roads, i.e. concrete roads and cement bound roadbases.

On the basis of international and domestic knowledge, tentative

recommendations have been produced for concrete pavements. Two concrete test

sections have been built in accordance with these recommendations, the link to

Arlanda Airport in 1990 and the Falkenberg bypass in 1993. These tentative
recommendations have now been superseded by VAG 94 in which concrete

pavements (BO) are an established pavement type. The extension of the concrete
road at Falkenberg, the Fastarp Heberg section, has been procured on the basis of

VAG 94.
In constructing the test sections, performance based specifications were used

for the properties of the pavement such as roughness, wear resistance and friction,
and for the tensile strength and frost resistance of the concrete. At the Falkenberg

test section, tests were made on exposing the aggregate in order to obtain a

concrete pavement of both good friction and low noise level. The requirements for

wear resistance have been made on the basis of experiences in tests in the road

simulator. Extensive tests in Norway have shown that the strength of concrete is
an important parameter for the wear resistance of the pavement. Other important
parameters are the wear resistance of the aggregate, the grading and the maximum

size of coarse aggregate. On the basis of knowledge available at present, it is

possible to make concrete that is 2 3 times more wear resistant than the concrete
pavements at Arlanda and Falkenberg. When the pavement is laid in two layers,

the composition of the concrete can be optimised in each layer. At present work is

in progress on producing a CEN test method for the wear resistance of concrete
pavements. A ring analysis has been made among Nordic road simulators.

Development work for heavily trafficked municipal areas has also been carried

out jointly by the Association of Local Authorities and VTI. Development of
concrete blocks pavers and has so far been carried out mainly within the industry,

although via extensive international cooperation. CBI has produced design
recommendations for concrete block pavements. VTI and CBI have contributed

articles and talks at several international conferences. Sweden is also in a leading

position in work by CEN on performance based specifications for concrete roads.

5.3.4 Goal

The goal of the following programme is to reduce the construction and

maintenance costs of concrete roads by at least 20%, by optimising the design and

the materials used and by developing cost effective production methods. Other

aims are to develop environmental concrete pavements of low noise level, good
wear resistance (small wear residues) and good friction, and to develop methods

for cement stabilisation of secondary gravel material (i.e. material not approved
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for road construction) and building waste in order to reduce consumption of our
natural gravel resources.

For semi rigid pavements, the aim is to produce new design and crack models

and to indicate, through dissemination of knowledge, technical and economic

fields of application for the construction. For municipal streets and heavily
traficked areas, the aim is to indicate fields of application for concrete pavements
and to produce recommendations for constructional details.

One important element in meeting and substantiating the above goals is to
verify the performance of concrete pavements and their long term properties, to be
used as input datain calculating their life cycle costs. Another important element

is pertinent information and purposeful implementation of the research results
which have been produced.

The object of the above is to ensure that concrete pavements have long term
technical, economic and environmental competitiveness. This will benefit both

society and the road sector.

5.3.5 Urgent development areas

Motorways and tunnels

For motorways and tunnels, a concrete pavement is an obvious alternative to an
asphalt pavement. However, for increased use of concrete pavements it is
necessary for the competitive situation to be improved. What is most important is
to reduce the construction and maintenance cost of concrete pavements without

shortening service life. This can be done by optimising design, developing new
concrete mixes and new types of cement, and introducing more efficient

production methods.

The service life of a road depends on the design and construction of the road
pavement, traffic load, climate etc. Concrete roads built in the 50s and 605 were
constructed on unbound bases, had long slabs and no dowels. This type of

concrete road often became uneven owing to problems with joints, and also had
relatively low friction and a high noise level. Since the 1970s concrete roads have

been built with bound bases and dowels in transverse joints, and this has

considerably improved riding comfort. Owing to the present use of slipform
pavers, riding comfort is no longer a problem. Exposure of the aggregate in the

surface improves the friction and noise properties of the pavement. These surface
characteristics can be further improved if the maximum size of coarse aggregate is

reduced. This may necessitate a change in the concrete mix so that the wear

resistance of the pavement is not jeopardized. For Swedish conditions, it is

important to further optimise the concrete mix and the surface characteristics

regarding friction, noise and wear resistance. This is an important research area

which should even in the future be accorded priority.
Improvements in wear resistance are today partly achieved at increased cost,

particularly at 8 mm aggregate size. The question today is therefore not how

concrete pavements of even better wear resistance can be made, but how a good

wear resistance can be achieved at lower cost. Tests show that there are several
ways in which this can be done, by improving concrete composition and by using
new types of cement.

The wear resistance of concrete is specified on the basis of results obtained in
the road simulator. More extensive data for the verification of simulator

results by measurements in the eld are necessary.
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Concrete roads are wear resistant and are not deformed by heavy traffic, and

they therefore have long life. The construction cost is however higher than for an
asphalt pavement. In most cases, however, the cost of maintenance is considerably
lower for a concrete road. Cost development for the two types of construction is

therefoore different. When costs are compared, it is therefore important that the
total cost over the service life, and not only the construction cost, is used. At

present, there is a shortage of important input data for a life cycle cost model for
concrete roads.

All concrete roads in Sweden are monitored, and therefore there is an

invaluable body of knowledge regarding design, performance, maintenance etc.
The number of concrete roads in Sweden is however limited and it is therefore

desirable to increase the available input data by, including experiences from
Finland and Norway also. Continued monitoring and evaluation ofthe state of

concrete roads in Sweden and access to similar data in Finland and Norway
is an essential part of the work on a life cycle cost model for concrete roads.
Theoretical and practical knowledge has made it possible for analytical design to
be employed in order that a long technical service life may be secured in VAG 94.
The available data will also make it possible in future for the cost of construction
to be reduced by multilayer design, i.e. different concrete mixes in the top and

bottom layer. This is one of the most important elements in reducing the
construction costs of concrete roads. Continued optimisation of constructional
details will also be made possible by using high performance concrete and

applying refined design methods.
Concrete pavements require little maintenance. Diamond grinding is already a

verified method for the repair of ruts, and successful tests have been made on

repairing wheeltrack damage. The cost of maintenance for both wheeltracks and

joints is small but it is important that this maintenance should be reduced further

since it will also reduce disruptions to road users which are already at a low level.

Continued development of "fast track paving" and new types of cement reduce

any repairs and disturbances to traffic to a minimum.

Heavily trafficked roads (9 13 m width)

Roads carrying heavy traffic require rigid pavements which can distribute loads
and reduce stresses in the lower material layers. For this type of road, rigid cement
bound roadbases are a good alternative to bitumen bound roadbases. The most
common type is cement bound gravel (CG) which is mixed at a stationary plant or
on site by large rotating mills which mix together cement, gravel and water.
Cement bound gravel roadbases are used extensively in other European countries
such as France, Spain and Finland. In Sweden this type of construction is poorly

established. The material and the pavement type, semi rigid pavement (CBC),
was previously included in the construction recommendations BYA 84 of the

Swedish National Road Administration, but has only been used on test roads

owing to the very high construction costs.

In VAG 94, semi rigid pavement has been given a more cost effective
formulation. On the basis of Finnish experiences, mixing on site is also allowed

which further reduces construction costs. Semi rigid pavement has therefore
attracted interest in Sweden also. An important task is to establish foreign know

how in Sweden and thus increase the use of semi rigid pavements.
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Municipal streets and heavily trafficked pavements

The performance requirements for traffic bearing areas in municipalities are
different from those for national and regional roads. For instance, many municipal
areas carry both pedestrians, cyclists and motor vehicles. This places special
demands on aesthetics and performance, which means that special types of
surfacing are used to separate the different groups of road users from one another.
Municipalities use large quantities of concrete blocks and pavers as surfacing on

footways, pedestrian streets and open spaces. It is primarily the durability and
aesthetic qualities of concrete which are valued. Concrete is a rigid material which

can also be used to advantage as pavement material on streets and roads. Good
examples are heavily trafficked pavements such as bus streets, bus stops and lanes
in front of traffic lights.

As far as municipalities are concerned, it is desirable to optimise the use of
different types of pavements for different fields of application. Concrete
pavements were previously used on only a small scale on municipal streets. In

recent years both their use and the number of fields of application have increased.
Because of this, it is necessary to increase knowledge of the design of

constructional details of municipal traffic bearing areas. One important element
is to optimise the surface characteristics from the standpoint of the
municipality, for instance with regard to lightness, friction, aesthetics, and to make

use of the advantages which light coloured concrete surfacings provide.
In industrial areas, ports and airports there are pavements which carry very

heavy vehicles. Concrete pavements which are both durable and stand up to heavy
loads without being deformed are often used for such areas. Concrete pavements

are also resistant to fuel spillage by aircraft, which is of particular interest for
airfields carrying military traffic. Design of constructional details is being further

developed for concrete pavements carrying heavy traffic loads.

Environmental suitability of concrete roads

Within nature conservancy increasing attention is being devoted at present to the

environmental effects of products, and these are analysed over the entire life cycle

of the product. Clients and constructors of roads have a joint responsibility to

ensure that the materials used in road construction are environmentally benign.
Concrete has been known for some time as a material harmless to the

environment.

The environmental impact of concrete pavements, from the raw material, via

production and use to recycling, is calculated by means of the environmental
priority strategy (EPS) model or by alternative models. The calculation also
includes the in uence of the concrete road on the environment during its period of
use with regard to e.g. traffic noise, road salt and wear residues. Methods for re-
use and recycling of old concrete roads are documented and tested.

Implementation of research results

To ensure that research results are disseminated and applied is one of the most
important parts of a research project. The present research projects include

representatives of both researchers and users such as contractors and clients,
which facilitates dissemination of the research results. Owing to the fact that the

users are represented on the steering groups for different projects, they can exert

in uence on research and have early access to research results which they can
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apply and help disseminate. Research results will be constantly described in
reports, in articles and at seminars. Implementation of the research results will
form a large part of the project.

5.3.6 Project plan

The project is divided into five principal areas (see also Fig. l):

0 Motorways and tunnels

- Heavily trafficked roads

0 Municipal streets and heavily trafficked pavements

0 Environmental suitability of concrete roads

0 Implementation of research results

Motorways and tunnels

Cost effective concrete pavements

Goal:

to reduce the cost of construction and maintenance for concrete roads by at least
20% by optimising the design and material use of the construction and by
developing cost effective production and maintenance methods.

Refined design methods, cheaper concrete mixes and new production methods

are devised in order to optimise the construction of concrete roads and to cut the
cost of both construction and maintenance.

Proposed subprojects:

l. Optimisation of design (new pavement types, composite/multilayer
technique, design of details, statistical design, joint design, surface texture

and materials)

Development of more efficient production methods
Joint technology

Wheeltrack maintenance

"Fast track paving" (in situ and prefabricated)91
%.

)!
0

Optimisation of the surface characteristics of the concrete surfacing

Goal:
to develop environmental concrete surfacings of low noise level and good friction

while retaining good wear resistance.

Further research is made into the surface characteristics of concrete roads such

as roughness, wear resistance, friction and noise. More knowledge of the surface

properties of concrete surfacings is essential in order that maximum reduction in
traffic noise may be achieved.

Proposed subprojects:
6. Development of new concrete mixes

7. Development of rut prediction model for concrete roads (including CEN
method for wear resistance)

Development of noise model for concrete roads
9. Development of friction model for concrete roads

9°
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Development of life cycle cost (LCC) model for concrete roads

Goal:
to produce statistical input data for use in life cycle cost models for concrete
roads.

Further long term Swedish observations are supplemented by Finnish and
Norwegian observations in order to gain more knowledge of the service life and
total costs of concrete roads inclusive of construction, maintenance, operation

costs. This will provide the required input data for improved calculation of the life
cycle costs of concrete roads.

Proposed subprojects:

10. Monitoring, evaluation and prediction of the effect of various measures on

the state of concrete roads

11.0bservations of maintenance and operational measures (input data for

calculations)

Heavily trafficked roads

Goal:
to produce a new design and crack model for semi rigid pavements (CBC) and,
via implementation of knowledge, to demonstrate the technical and economic
fields of application of the construction.

Proposed subprojects:
12. New design model for semi rigid pavements
13. Crack model for semi rigid pavements

14. Development of more efficient production methods (cement bound gravel
mixed in place)

15. Monitoring, evaluation and prediction of the effect of various measures on
the state of semi rigid pavements

16. Cement bound materials in road sub bases

Municipal streets and heavily trafficked pavements

Goal:

via economic evaluations of technical function, road safety, street environment,

lightness etc, to demonstrate the fields of application for concrete pavements on
municipal streets and to produce special designs for concrete pavements for

heavily trafficked areas and airfields.
Proposed subprojects:

17. Optimisation of the surface characteristics of municipal concrete pavements
18. Design of constructional details for municipal concrete pavements

19. Industrial streets and areas
20. Airfield pavements

Environmental suitability of concrete roads

Goal:

to make an environmental impact analysis of concrete pavements in accordance
with the environment priority strategy (EPS) or similar system and to stabilise

with cement secondary gravel material (is. material not approved for road

construction) and building waste in order to reduce the demands on our natural
gravel resources.
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Proposed subprojects:

21. Environmental impact of concrete roads (environmental impact assessment
according to EPS, in uence on surrounding environment)

22. Cement bound substandard materials in road pavements
23. Recycling/re use

Implementation of research results

Goal:

via information and dissemination of research results, to increase knowledge of

concrete pavements and their fields of application. The implementation phase
proceeds during the entire project period.

Proposed subprojects:

24. Reporting and dissemination of research results
25. Demonstration projects on roads, streets and airfields

5.3.7 Organisation

Research and development regarding concrete pavements should be conducted

and directed in the same way as other research, i.e. via centres of competence even

though this field is too small to fully establish this procedure. At present, research
and development is already coordinated for VTI (Road and Transport Research
Institute) and CBI (Cement and Concrete Research Institute) projects by a joint

steering group and working groups, with good results. It is therefore proposed that
the existing structure of these and other groups working on concrete pavements

should be supplemented and developed so that they cover the entire action area for

concrete pavements within HIGHWAY ENGINEERING 2000. A project manager
who is responsible for the execution and reporting of the subproject is to be

appointed for each subproject.

5.3.8 Costs

It is planned that the project will be jointly financed by several interested parties.
For that part of the project which coincides with the EU project CON PAV, funds

will be sought from the EU 4th Framework Programme. Most of the project will

however have to be financed by Swedish funds. Possible Swedish funding
organisations are the Swedish National Road Administration, the Transport

Research Board, the Association of Local Authorities, the Development Fund of

the Swedish Construction Industry, Cementa, forms of contractors and the

industrial research programme.
The budget of the project during the execution phase (1996 2001) is estimated

at ca SEK 25m in terms of costs in 1995. For 1996 the budget is SEK 2.5m, and
for the period 1996 2001 SEK 4.5m annually. It is estimated that the concluding
implementation phase (2002 2003) will require an additional SEK 3m.

5.3.9 Time Schedule

In the autumn of 1995 the project proposal will be presented to and discussed with
interested funding organisations. In the spring of 1996 the project will be planned
in detail, project managers will be engaged and contracts prepared for the various
parts.
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5.3.10 Resources

Competence within this subject area is available at the research institutes Cement

and Concrete Research Institute (CBI) and the Road and Transport Research

Institute (VTI), the Swedish National Road Administration, firms of contractors,

material manufacturers and technical universities.

5.3.11 References

Extensive literature and journal articles are available within the subject area.
Several international conferences are held regularly, and at these articles with the

latest research results are presented. The references regarding knowledge and

experience of concrete pavements in the Nordic countries is however limited in
extent. In Sweden, CBI and VTI have published a number of reports in recent
years. CBI and VTI have also published articles at several international
conferences.

5.3.12 Expected results

It is not easy to quantify the expected results of the proposed research programme

in economic terms. The expected results can however be described in general
terms. Reduction of construction costs will increase the competitiveness of
concrete road construction and the interest in this. From the macro economic

standpoint this will have a positive effect on the price level and quality of both
asphalt and concrete roads. Monitoring and evaluation of changes in the state of

concrete roads will provide important input data for a life cycle cost model. A life

cycle cost model which uses the total cost over the service life is essential for
economic evaluation of different pavement alternatives. Research and
development to improve the surface characteristics of concrete roads will enhance

both road safety and environment and will reduce maintenance costs. Owing to the
development of methods for recycling/re use and for cement stabilisation of
secondary gravel material and building waste, better management of our natural

gravel resources will be made possible. The research programme promotes close
cooperation between researchers and with clients and contractors, and this will
make research more effective and will facilitate the dissemination and application

of the research results. The research results will be continuously described in
reports, in articles and at seminars. It is likely that the combined benefit of the

proposed research programme will be greater than the combined investment by

society and the road sector.
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5.4 Recycling of materials

5.4.1 Summary

Modern industrial society generates a very large quantity of different types of

residual products. The term residual product refers to material left over in
processes and consumption. Waste, i.e. products which have been rejected with a

view to disposal and which have thus been considered to have no value is also

regarded as a residual product. Depending on its origin, waste can be classified
into natural waste (e.g. branches and leaves), production waste (generated in the
industrial or manual manufacture of products), consumption waste (generated

when products are used and consumed and in connection with services) and
treatment waste (e.g. sewage sludge and dust). In principle, all the above types of

residual products can be used in roads.

In many countries, increased awareness of issues to do with resources and the

environment has resulted in greatly increased demands for economical
management of natural resources and the establishment of the highest possible
degree of recycling for the material ows in society.

Recycling of residual products for different applications, for instance in roads,
is therefore an area of very great interest today, and research into primarily the

functional properties and possible environmental impact of products is of great
urgency.

The goal of the proposed project is to enhance knowledge of recycled residual

products and their use in roads. Both the functional properties and environmental

impact of the materials will be studied. Such research will contribute to better

management of available material resources and to more effective recycling.
There are a very large number of residual products which may be suitable for

use in roads. Some of the most important problem areas concern the following
groups of materials:

0 Residual products from the production of road materials, e.g. materials in
quarries which do not meet specifications

0 Asphalt surfacings

Surplus materials from tunnel construction, e.g. broken rock and fines from
full face boring

Building and demolition waste

Different types of slag

Scrapped rubber tyres

Combustion products (different types of ash).

5.4.2 Background

Modern industrial society generates a very large number of different residual

products. It may be mentioned as an example that "production" of household

waste in the USA at present amounts to about 2 kg per person per day ( l).

The term residual product (2) refers to material left over in processes and
consumption. Waste, i.e. products which have been rejected with a View to
disposal and which have thus been considered to have no value is also regarded as
a residual product. Depending on its origin, waste can be classified into natural
waste (e.g. branches and leaves), production waste (generated in the industrial or

manual manufacture of products), consumption waste (generated when products
are used and consumed and in connection with services) and treatment waste (e.g.
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sewage sludge and dust). In principle, all the above types of residual products can
be used in roads.

In many countries, increased awareness of issues to do with resources and the

environment has resulted in greatly increased demands for economical

management of natural resources and the establishment of the highest possible
degree of recycling for the material flows in society.

Recycling of residual products for different applications, for instance in roads,
is therefore an area of very great interest today, and research into primarily the
functional properties and possible environmental impact-of products is of great

urgency.

5.4.3 Present state of knowledge

A recently published report (1) describes American experiences in using recycled

residual products in roads. Even though the report is based on experiences in the

USA, it is reasonable to presume that it is in all essentials also representative of
European conditions. The report, from which most of the following information

has been taken, gives a review of the residual products which have been used or

may be used in the near future in the construction and/or maintenance of roads. It
also gives a description of the present position regarding evaluation, practical

application and acceptance of these material products, such as legislation,
regulations and mandates for the re use of materials in roads. The report also
identifies technical, economical and environment related factors which have

significance in assessing the chances of using recycled residual products in roads.

Solid residual products may be derived from mainly four different sources.
Table 1 gives a product classification inclusive of examples of products and their

application in roads. The table also gives an estimate of the quantities annually

generated in each category. For more detailed information reference is to be made
to (1). As indicated in Table 1, solid residual products can differ greatly as regards

type of product, properties and suitability for use in roads. Experience of the

function of residual products in roads varies greatly according to climate, material

composition and handling and the placing of the material in the road construction.

It is evident from the table that agriculture and mineral processing generate

considerably larger quantities of residual products than households and industries.
It is however from these last two categories that the areas of application which are
so far of the greatest interest have been reported.

Extensive research into the use of residual products in roads is being conducted
in the USA at present. According to a recent questionnaire survey, road authorities
have carried out research into at least 42 applications. The products which have

attracted the greatest interest are recycled asphalt surfacings, scrapped rubber tyres

and y ash from coal fired furnaces.
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Tabell 1 Classification of solid residual products (according to reference 1)

 

CATEGORY

l

EXAMPLES OF PRODUCTS EXAMPLES OF HIGHWAY

ENGINEERING APPLICATIONS

ESTIMATED

ANNUAL

QUANTITY IN
USA

(MILLIONS OF

TONS)

 

Agriculture Animal droppings, plant waste (e.g.

straw), tree felling waste, handling of

forestry products (e.g. sawdust)

Embankment fill (tree felling waste) 2100

 

Household Paper, plastics products, combustion

products (ash), sewage sludge,

scrapped rubber tyres, waste oil

Cement or bitumen bound courses

(ash), asphalt surfacings (powder

and granulate from tyres, plastics

products)

200

 

Industries Recycled asphalt or cement concrete

surfacings, fuel ash, building and

demolition waste, blast furnace Slag,

nonferrous slags, fines from lime or

cement manufacture)

Asphalt surfacing (recycled

surfacing, blast furnace slag,

nonferrous slags), non bound

roadbases (recycled asphalt or

cement concrete surfacing, building

and demolition products), bound

roadbases and formations (fuel

ash, fines from lime and cement

manufacture), embankment fill (fuel

ash, building and demolition

products)

400

 

Mineral

processing

 

Rock masses, residual products from

ore refining and coal sorting, fines

from washing, crushing and classifying

in mines, residual products from

phosphate and aluminium Industries,

phosphogypsum

  

Embankment fill (crushed rock,

residual products from ore refining,

residual products from coal

industry, fines from mines), road

bases, nonbound or bound

(residual products from ore refining

and coal industry, phosphogypsum)

 

1800

  

Research into these products has so far been carried out in at least 35 states in
USA. Many universities also conduct research. At least 15 types of residual

products and their suitability in roads have been studied at more than 30
universities in the USA (1).

The following are the most important road related fields of application for

residual products in the USA at present (the number of states which use the

product concerned in some application is given in brackets):

- Recycled asphalt material (49) in "new" surfacing

0 Fly ash (42) as a substitute for cement in concrete
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Scrapped rubber tyres (42) in asphalt mixes

Mine waste (33) as embankment and other fill

Recycled asphalt as "aggregate" in roadbases

Blast furnace slag (25) and steelworks slag (13.) as aggregate

Fly ash as embankment and other fill

Scrapped tyres in embankments or as lightweight fill
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No state of the art report has been found which describes the position in Europe
with regard to the use of residual products in roads. Activity in this field is
however at a high level in many countries, e.g. Holland, Germany and Denmark.
In Holland, for instance, the degree of recycling of building and demolition waste
Was 67% in 1989. The goal is to increase this to 90% by the year 2000. In

Germany the degree of recycling for residual materials from roads was 71% in

1990. The high degree of recycling in Holland and Germany is mainly due to the

strong economic inducements (high charges for "newly extracted" materials and
the tipping of "used" materials). The availability of both materials and landfill
'sites is limited (3).

In Holland and Germany there are large recycling plants which take in building

and demolition waste for processing. There are also mobile plants. There are

installations for mineral waste (excavated spoil, bricks, concrete etc) and also
installations which take in mixed building waste. In Denmark also there are
recycling plants for building and demolition waste (3).

In Sweden, experience of recycling residual products for roads is limited. There is
no systematic recycling activity at national level, probably due to the lack of
economic inducement. Over the years there has been some research into the

function and environmental impact of residual products when used in roads. The

National Geotechnical Institute (SGI) has thus carried out relatively fundamental

studies of "energy ash" generated in heating and cogeneration plants. Energy ash
in Sweden has so far mainly been used as lightweight fill. Some ash has also been

used as embankment fill, among others in the construction of E4 at Norrkoping in
1994, and as sub base material. Cement bound pulverised fuel ash has been used

as sealing layer on landfill sites, for instance over the mine waste site at Bersbo.

PCBC hardened ash mixes have been crushed to make synthetic gravel which has

been used as embankment fill and as roadbase and sub base in trial roads. SGI

states that increased use of ash is favourable for society from the standpoints of

both natural resources and the environment (4).

At the Swedish National Road and Transport Research Institute (VTI) also a

number of projects have been carried over the years into "Residual products for
roads". In this context, an important area of research is recycling of asphalt
pavements by cold technique (5). Cold recycling is also of great significance in

practice; about 30% of all "new" oil gravel surfacings are old surfacings which
have been recycled. In the area "Hot recycling of asphalt surfacings", however,

eXperience is very limited. During the 1980s some such projects (6) were carried
out in which old mix was added to new materials in asphalt plants. Swedish
research (7, 8) concerning hot in place recycling was first started in 1993 at the
Royal Institute of Technology (KTH). Other residual products have also been

investigated at VTI in the form of laboratory studies and trial roads (9). Examples
of the residual products studied are blast furnace slag, y ash, paper fibres,
crushed glass and carbonate sludge. Studies are at present in progress at VTI to

see whether material from gravel pits which does not meet specifications, e.g. 0 4

mm material, can be used for different types of applications, and a regional survey
of residual products including household, building and demolition waste is also

being conducted.
As regards the addition of residual products to asphalt mixes, Sweden has been

in the forefront in one special application. This is the use of rubber granulate from
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scrapped tyres. As early as the end of the 19603 this idea was developed by the
rubber company Skega and the contractor V'agforbattringar. The surfacing was
launched under the name RUBIT and was later "exported" to the US (trademark

PLUSRIDE). Swedish experiences of rubit surfacings have recently been
documented (10).

Reports have recently been published on a few tests concerning the addition to
asphalt of LDPE shrink and stretch film from industry (11).

Research is also in progress at present at KTH into the use of residual products
such as building and demolition waste (12). This research at present concentrates

on methods of removing obstacles to recycling in e.g. roads (technical economic
and/or legal aspects).

5.4.4 Goal

The goal of the following proposed projects is to increase knowledge of recycled

residual products and their use in roads. Both the functional properties of the
materials and their environmental impact will be studied. This research will

contribute to better management of available material resources and to more

efficient recycling.

5.4.5 Urgent problem areas
As will have been seen in 5.4.2, there are a very large number of residual products
which may be suitable for use in roads. Some of the most important problem areas

concern the following groups of materials:

0 Residual products from the production of road materials,e.g. material from
quarries which does not meet specifications

0 Asphalt surfacings

Surplus material from tunneling, e.g. broken rock and fines from full face
boring

Building and demolition waste

Different types of slag

Scrapped rubber tyres

Combustion products (different types of ash)

5.4.6 Project plan

The following projects may be included in the programme:

Functional and environment related properties of asphalt surfacings

containing powdered rubber ("wet method")
Every year, the transport sector generates appreciable quantities of waste products
in the form of scrapped rubber tyres. In a recent state of the art report (13)

regarding the re-use of rubber tyres in US roads, it is stated that more than 242

million scrapped rubber tyres, or roughly one tyre per head of population, are
generated every year. More than 75% of these tyres_are deposited on rubbish tips
or on special sites, or are dumped illegally. Some calculations indicate that more
than 70% of all scrapped tyres in the US are dumped illegally. In Sweden also
disposal of old tyres is a growing problem. Most have so far been taken to rubbish
tips.
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There are many ways in which rubber tyres can be used in road construction.

Depending on the application, tyres are used directly or after mechanical
processing. Rubber granulate and powdered rubber are used as additives in asphalt
surfacings. Scrapped rubber tyres can for instance also be used in road

construction as fill in embankments and for the stabilisation of slopes in cuttings.
The project in question is envisaged as a postgraduate project spanning over 5

years. Work in year 1 will comprise studies of the literature and visits to foreign

research institutions where research is in progress in this field. During year 1 the

experimental part of the project will also be planned in detail in consultation with

the client. Years 2, 3 and 4 will be spent on experimental studies in the following

subprojects:

The rheological properties of rubber modified binders

0 Functional properties of rubber modified asphalt surfacings

Properties of recycled rubber modified surfacings

Work environment studies

In year 5 the experimental work will be completed and documented in the form
of a thesis.

The cost of the project is SEK 700,000 annually (in terms of 1995 monetary
values), i.e. a total of SEK 3.5m.

The project is expected to yield greater knowledge of this field and also a much

improved overall pictureof the potential of using ground rubber tyres in asphalt
surfacings. The project will also, through increased knowledge, contribute to the
development towards a "recycling society".

Cold recycling of asphalt surfacings characterisation of the material in the

laboratory and in the eld
Interest in research into the re-use of asphalt surfacings began in Sweden in the

mid seventies as a direct consequence of the oil crisis. Both cold and hot

recycling were studied and also the production of mix in asphalt plants and
directly at the road. For both environmental and economic reasons it is likely that
re use of asphalt surfacings will increase in extent in the near future.

Cold recycling of asphalt surfacings is a resource economic technique which
has technical, economic and environmental advantages. The recycled material can
be used as both roadbase and wearing course in roads carrying low to medium
traffic volumes.

The aim of this project is to develop function related test methods, for instance
proportioning systems for cold/semi hot recycling. The test methods should be
verified by tests in the field. The long term aim of the project is to produce data

for test methods, construction specifications and recommendations in the area cold
recycling of asphalt.

The project will be carried out over 3 years with an annual budget of SEK

800,000 (in terms of 1995 monetary values), i.e. a total of SEK 2.4m. The

following subprojects may be considered: 1

0 System for proportioning of cold mixes"

0 Function related methods and criteria for cold recycling of asphalt

surfacings

0 Verification of test methods, mix specifications and production methods

through observations on roads
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The project is expected to yield greater knowledge of this field and also a much

improved overall picture of the potential of re using asphalt surfacings by
cold/semi hot techniques. The project will also, through increased knowledge,

contribute to the development towards a "recycling society".

Hot in place recycling of asphalt surfacings evaluation of material
properties and environmental impact
Knowledge concerning materials and production processes in hot in place
recycling is very limited at present. The following are examples of questions for

which answers are required:

0 Are hot recycled asphalt surfacings of the same quality as corresponding

newly produced surfacings?

- Has the addition of softeners (rejuvenators) any positive effect on the service

life of the recycled surfacing? If this is the case, in what way does the

softener act (as ux or lubricant?). Does effectiveness vary between

different commercially available softeners?

0 What is the significance of different mechanical components (heating

equipment, scarifier, mixer etc) for the quality of the surfacing?

0 Is the chemical work environment in hot recycling of asphalt surfacings

inferior to that in new production?

The project in question is envisaged as a postgraduate project spanning over 5
years. Work in year 1 will comprise studies of the literature and visits to foreign
research institutions where research is in progress in this field. During year 1 the
experimental part of the project will also be planned in detail in consultation with

the client. Years 2, 3 and 4 will be spent on experimental studies in the following

subprojects:

0 Identification of the mechanism for the mode of action of different softeners.

0 Identification of the chemical work environment on the road and in asphalt
plants in conjunction with hot recycling and new production.

0 Comparative studies of the properties of surfacings recycled by the hot

technique and newly produced surfacings.

In year 5 experimental work will be completed and documented in the form of

a thesis.

The cost of the project is SEK 700,000 annually (in terms of 1995 monetary

values), i.e. a total of SEK 3.5m.

The project is expected to yield greater knowledge of this field and also a much

improved overall picture of the potential of re using asphalt surfacings by the hot

technique. The project will also, through increased knowledge, contribute to the
development towards a "recycling society".

Plastics modified asphalt surfacings material properties and environmental
impact

In recent years there has been increasing interest in modifying road bitumen by
adding different types of commercial products, for instance polymers. Obviously,
the purpose of these additives is to improve, in different respects, the functional
properties of the asphalt surfacing, for instance its resistance to plastic
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deformation at high temperatures and/or its resistance to cracking at low
temperatures.

Residual products of plastics have also been used as additives in asphalt

surfacings. Experience in this field is very limited in Sweden today. The state of

knowledge in this field in e.g. Finland is however better. In the present

investigation, in addition to plastics products another residual product will also be
mixed into the binder, namely pine oil pitch from the cellullose industry.

The aim of the project is to learn about the properties of asphalt surfacings with
and without the addition of the residual products plastics and pine oil pitch.

Special studies will be made of the low temperature properties of surfacings by
means of TSRST (Tensile Stress Restrained Specimen Test) and the resistance to

plastic deformation at elevated temperatures (40°C) by means of dynamic creep
tests.

The project will comprise both laboratory and field experiments and cover

proportioning studies and studies of the correlation between the laboratory and

field results. Investigations will also be made of the chemical work environment
in conjunction with the new production and re use of plastics modified asphalt
surfacings.

The project will run for 3 years with anannual budget of SEK 800,000, i.e. a
total of SEK 2.4m.

The project is expected to yield greater knowledge of this field and also a much

improved overall picture of the potential of re using residual products of plastics

and pine oil pitch in asphalt surfacings. The project will also, through increased

knowledge, make a positive contribution to the development towards _a "recycling

soc1ety".

Use ofbuilding and demelition waste in roads
Mineral residues from the building and civil engineering industry, e.g. cement
concrete and bricks, come under the material group secandary aggregate material,

i.e. material which has not been primarily produced for use as aggregate material
but is nevertheless used in such applications. Experience in this field is of very
limited extent in Sweden, while other countries such as Holland have a lot of

experience. In Holland, 10 15% of total aggregate consumption consists of
secondary materials.

In this research project, a study will be made of the usability of secondary

aggregate material in different road applications. Potential areas of use are as
fill/embankment material, non bound or bound roadbase, and asphalt bound

wearing course.

Research will deal with areas such as

0 deformation properties of non bound secondary aggregate material as
determined by dynamic triaxial tests

0 frost heave characteristics of non bound secondary aggregate material

0 use of secondary aggregate material in cement bound roadbases and asphalt
bound wearing courses

The project will extend over 3 years with anannual budget of SEK 800,000,
i.e. a total of SEK 2.4m.

The project is expected to yield greater knowledge of this field and also a much
improved overall picture of the potential of re using building and demolition
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waste in roads. The project will also, through increased knowledge, make a
positive contribution to the development towards a "recycling society".

Other areas of research

The above project proposals illustrate only a few of the conceivable areas where
there is a great need of research. Other potential areas may be

0 Use of different types of ash as lightweight fill or for stabilising materials in
formations, roadbases and/or sub bases

- Use of rubber tyres as lightweight fill

0 Mine waste in roads material and environmental impact

5.4.7 Economic benefit

From the technical economic standpoint, the benefits of the above research, at

least in the short term, are not always evident. It is not obvious that residual

products in e.g. asphalt surfacings will increase the service life of the surfacing.

Negative environmental effects due to the use of residual products in roads cannot
be excluded. The addition of residual products, for instance powdered rubber, to

road bitumen often raises the price of the material and perhaps also the demands
on certain mechanical components.

The usefulness of research must be judged from a macro economic
perspective. Political action which creates economic inducements for the use of
residual products in roads will facilitate rapid technical development in this field,
which will in turn require research. If we are prepared to pay for increased
conservation of natural resources and the establishment of recycling in material
ows, the usefulness of the above research will in all probility become evident.
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5.5 Analytical design

5.5.1 SUMMARY

The principal object of the action area analytical design exible pavements is to
develop the Swedish prototype for analytical design into a complete system for the
whole country. It is also the aim to contribute to and in uence the planned

development of a common European design method by participating in the EU

project "Development of New Bituminous Pavement Design Method".
The fundamental problem areas in analytical design are as follows:

0 Theoretical calculation model to determine the stresses and strains in the
road structure caused by wheel loads

0 Knowledge of the properties of the subgrade and the pavement materials

0 Design criteria or permissible values for the stresses and strains which are
critical for the bearing capacity of the road structure.

For a complete design system, it is in addition necessary to have methods or

models for the evaluation/characterisation of the traffic load and for the effect of
climate on the properties of road materials.

The expected benefit of an analytical design system is the greater opportunities

it offers for cost effective design. Owing to its greater exibility, design can be

adapted better to prevailing conditions so that both under and over design can be

avoided. Underdesign increases maintenance costs while overdesignmeans that
unnecessary expenditure is incurred within a restricted budget.

Apart from adaptation of design to local conditions, there is a better chance of

studying the cost/benefit effects of using new or alternative pavement materials.

5.5.2 Background

There is a trend in most European countries towards increasing use of analytical

design methods instead of traditional empirical methods. The principal reason is
that the application of analytical methods has become easier owing to rapid
development of computers, and they also offer greater exibility and can be
adapted to innovations and changes such as new constructional details, new
materials and changes in traffic loads.

At present there is a relatively great difference between the design methods in
different countries even though they are based on similar theoretical models. Most

methods are based on multilayered linearly elastic models for the calculation of

stresses and strains caused by the axle loads of heavy vehicles. The design criteria

used are fatigue in the bound layers, usually as a function of tensile stresses or

strains at the bottom of the asphalt layers, and deformation of the subgrade as a

function of vertical strain at formation level.

Even though the theoretical models are similar, different test methods are
applied to determine the deformation and fatigue properties of pavement

materials.

5.5.3 Present state of knowledge
In Sweden, VAG 94, the general technical specifications for road structures of the
Swedish National Road Administration, provides scope for analytical design
according to the conditions set out there. Parallel with the compilation of VAG 94,
a five year research project was conducted at VTI which resulted in a prototype
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for a user friendly analytical/empirical design system for PC adapted to Swedish
conditions. Adaptation to Swedish conditions mainly consists in the development
of a field based design criterion for bitumen bound roadbases, subgrade modules
for Swedish subgrade types, and characterisation of heavy traffic and its transverse
distribution.

At European level, some work has been done towards a common European
method. Within a cooperative project in the EU programme SCIENCE entitled "A

European Approach to Road Pavement Design", the results of tests on materials

using different equipments in different countries were analysed. The countries

taking part were France, Holland, Portugal and United Kingdom, and the results

were presented at the conference "Euro ex 1993" in Lisbon. However, the project
covered only certain road materials and not design as a whole as the title suggests.

Within the cooperative organisation FEHRL (Forum of European National

Highway Research Laboratories) proposals have been made for a strategic
programme for road research in Europe, SERRP (Strategic European Road
Research Programme). The programme proposes research projects over a broad
spectrum ranging from the effect of heavy vehicles on the road structure to the
imbalance between European countries with regard to safety on roads.

One of the proposed projects, PAV DES, has been approved in 1995 for
funding by COST which means that initial work has commenced. PAV DES with
its subtitle "Development of New Bituminous Pavement Design Method" aims to

develop a common European design method. The project will be coordinated with

other SERRP initiated projects such as BIT -MAT, GRAN MAT and ALT MAT

regarding material properties and PAV LIFE with regard to failure models based
on long term observations on roads. Coordination with standardisation work

within CEN/TC227 is another important element of work on the project.

5.5.4 Goal

The principal goal of the action area is to develop the Swedish prototype for
analytical design into a complete system for the whole country. It is also the aim

to contribute to and in uence the planned development of a common European

design method by participating in the EU project "Development of New
Bituminous Pavement Design Method".

5.5.5 Problem areas

The philosophy underlying analytical design of road pavements is that a pavement
structure must be regarded as any other engineering structure. This implies that in
the course ofdesign the critical stresses and strains in the road structure caused by
wheel loads from vehicular traffic are calculated and compared with the
permissible stresses in the subgrade and in the materials selected for the
pavement. Analytical design may be broken down into three fundamental problem

areas:

0 Theoretical calculation model for determination of stresses and strains in the

road structure caused by wheel loads.

0 Knowledge of the mechanical properties of the subgrade and the pavement

materials, primarily the load spreading capacity of the materials or their

stiffness when loaded (elastic modulus).
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0 Design criteria or permissible values of the stresses and strains which are
critical for the bearing capacity of the road structure and determine the
technical service life of the pavement.

A complete design system also requires methods or models for the

evaluation/characterisation of traffic load and for the in uence of climate
(temperature and moisture) on both the mechanical properties of the materials and

their capacity to withstand loading and their frost heave properties. Finally, the
accuracy/certainty with which a design can be performed is an important
overrriding issue. All parameters included in a design system are prone to varying
degrees of uncertainty. Greater knowledge of these variations or uncertainties

provides increased opportunities for the determination of different risk levels for

alternative pavement structures.

5.5.6 Project plan

It is proposed that the action area is broken down into the following R&D

projects:

0 Theoretical calculation model

0 Mechanical properties of unbound materials

0 Mechanical properties of bitumen bound materials

Design criteria for unbound materials

Design criteria for bitumen bound materials

Composition and damaging effects of heavy traffic

Effect of climate on the properties of road materials

Design of frost protection

Statistical assessment of certainty in the design results

Formulation of the design system

Validation of the design system

Participation in EU projects regarding a cormnon European design method

Theoretical calculation model

The predominant model so far for calculation of stresses and strainsin a road

structure is that based on linear elastic theory and multi layered pavement
structure.

The aim of the project is to give present state of knowledge and the relevance
of using more sophisticated calculation models.

Mechanical properties of unbound materials

Relevant values of the stiffness (elastic modulus) of unbound materials are of

great importance in calculating stresses and strains in the road structure, especially
for subgrade soils. Dynamic triaxial testsin the laboratory are in progress at e.g.
VTI in order to produce relationships between composition, moisture content and
loading. Further development of the method is necessary, especially for tests on
coarser materials. Ultimately it must be possible for the properties determined in
the laboratory to be converted into the properties of the materials in the field.
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Mechanical properties of bitumen bound materials

In the same way as for unbound materials, it is very important that the elastic
moduli of bitumen bound materials should be assigned relevant values in
calculating stresses and strains. For these materials, the modulus also varies with

temperature, and it is therefore important for these relationships to be known for
different types of surfacings. Research has so far concentrated on a typical

Swedish bitumen bound roadbase (AG 25). Further research is necessary to

determine the significance of composition and temperature for different types of
wearing course and roadbase.

Design criteria for unbound materials

With regard to critical stresses and strains for unbound materials, it has generally

been considered that it is primarily the vertical compressive strain on the
formation which is critical in design. The reason is that the other unbound courses

(=pavement courses) are as a rule more homogeneous owing to more accurate
control of composition and laying.

VAG 94 specifies a design criterion for the formation which is a modification
of the SHELL criterion. This latter criterion has been produced by theoretical
calculations and comparisons with the results from the AASHO road test. The

object of the project is to develop a formation criterion which is more suited to

Swedish conditions, even though the task is a difficult one. Wheeltracking in the
surface is thought to be the effect of excessive strains on the formation but this is

often concealed by other reasons for wheeltracking such as deformation in the

surfacing and wear by studded tyres.

Design criteria for bitumen bound materials

The design criteria for bitumen bound courses is generally considered to be the

horizontal tensile strain at the bottom of the asphalt layers. This strain governs the

risk of cracking and determines the overall thickness of the bitumen bound

courses. For Swedish conditions, studies have been made in both the laboratory
and the field in order to establish a relationship between the magnitude of the
tensile strain and the number of loading events to failure. Studies have so far

mainly concentrated on a "Swedish" bitumen bound roadbase, and the object of
the project is to extend these to bitumen bound roadbases of variable composition.
Temperature dependence and the coupling between laboratory results and real
conditions in the field are two essential ingredients of these studies. Traditionally,
bearing capacity design of pavement courses has been confined to determination

of the total thickness of these. One refinement of the method would be to

introduce function related design criteria for each course in the pavement. This
would make it possible for pavements to be made up with special reference to the
prevailing temperature distribution and the prevailing stresses and strains in each

course.

Composition and damaging effects of heavy traffic

The object of the project is to develop a rational method for the evaluation of the
prevailing traffic load. In analytical design, theoretical calculations of critical

stresses and strains are often made for a standard load (e. g. a load of 100 kN and a

contact pressure of 0.8 MPa). This is then transformed into actual traffic load by

converting it into an equivalent number of standard loadings. The simplest version
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of this conversion is to assign to all heavy vehicles an average equivalence factor
which is multiplied by the number of heavy vehicles. More advanced methods
which take account of vehicle type, axle and wheel configuration, spring system,
tyre pressure etc require more detailed information concerning the expected real
traffic.

Another version may be to perform the theoretical calculations for all likely
loading cases, but this probably requires very large computer capacity.
A method for evaluaton of traffic load should contain a forecasting section for

future traffic and should take account of the transverse distribution of heavy

traffic.

Effect of climate on the properties of road materials

The object of the project is to create, through better knowledge of the variation in
the properties of road materials in relation to temperature and moisture, a better

basis for adaptation to prevailing climate inclusive of seasonal variation. The

issues which should be treated are the way in which material properties vary with

moisture and temperature and the way in which moisture and temperature depend

on the prevailing climate with regard to geographical position and surrounding

terrain.

Design of frost protection

Complete analytical design should comprise design with respect to both bearing
capacity and frost heave. Frost protection design implies design of the total
pavement thickness or the design of courses which provide frost insulation. The

safety of a road is highly dependent on its riding quality. Differential frost heave
which is primarily due to the types of soil in the subgrade, access to water and
climate, gives rise to irregularities in the road surface. Frost heave is a

consequence of the freezing process in soil susceptible to frost movement, and this
varies from soil to soil. Knowledge concerning the frost heave properties of

different soils should be increased.

The object of the project is to develop a general method for the choice of frost

protection method and optimum frost protection design.

Statistical assessment of certainty in the design results

The accuracy of the results of an analytical design depends on the spread or
uncertainty in the input parameters used. If the mean values of all parameters are
applied, this means in principle that only 50% of the road will attain the calculated

technical service life. The object of the project is to try and quantify the
uncertainty in the input parameters and to develop a method for managing these
uncertainties which will result in a probability distribution for the design results.

Formulation of the design system

The project is an overriding project with the aim of coordinating and linking the
results of the other subprojects into a functioning system. The system should be
made user friendly, probably in a PC environment. It should further be given a
large measure of exibility so that revisions, additions and future changes can be

made easily.
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Validation of the design system

The design system is tested against actual results in existing road sections.

Suitable objects are selected where the input parameters for the design system can
be determined with satisfactory accuracy. If there is access to equipment for
accelerated testing at full scale, validation should be complemented with tests in
this, particularly in regard to new road constructions.

Participation in EU projects regarding a common European design method

In 1995, with the financial support of COST, preliminary work began on a
European project regarding the design of pavements. The intention is to apply in
the autumn of 1996 for partial finance via the EU 4th Framework Programme. The
title of the project is "Development of New Bituminous Pavement Design
Method" and the object is to develop a common European design method.

Additional finance from Swedish sources is required for monitoring and
participating in this EU project.

5.5.7 Organisation, time schedule and cost estimate
A manager is appointed for the main project. He will be responsible for this action
area and for the coordination of the subprojects, and will act as Swedish

representative in the European project committee. In the first half of 1996

managers will be appointed for the subprojects and will draw up detailed
specifications for these subprojects. Work in the action area is expected to go on

during the period 1996 2001 at an estimated cost of ca SEK 3m annUally, er a

total of ca SEK 20m.

5.5.8 Expected results

Design of a road pavement involves selection of materials and determination of

the required thicknesses of the different material layers. Design of a pavement
structure in an adequate and economic manner is at least as important as the

design of other engineering structures. Underdesign results in increased
maintenance costs, while overdesign means that unnecessary strains are placed on
a restricted investment budget. The endeavour should be to minimise the total cost
of each road project. The total cost shall include both construction and
maintenance costs and the costs of road users and vehicles.

Owing to its exibility, an analytical design system provides greater

opportunities for cost effective design.
Better adaptation to local conditions regarding traffic and climate will be

possible, and at the same time the cost/benefit effects of using new or alternative

materials can be studied.
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5.6 Better and cheaper maintenance

5.6.1 Summary

During the past decade grants for the maintenance of the Swedish road and street
network have been cut back. Some municipalities manage to maintain only a few
per cent of the street network every year. One consequence of this state of affairs

is a growing backlog of maintenance. In order to break this trend, it is necessary to

have more effective tools in the form of planning systems, both to justify the
release of funds for maintenance by the preparation of assessments of the impact

of the future scenario, and to allocate maintenance resources in an optimum

manner. In order that a planning system should work, it requires relevant

prediction models for the assessment of the status changes and service lives of

road structures, and the cost effects of different road conditions. Prediction models
and the effects of various measures are very sensitive to geographical conditions,

climate, material properties, traffic load etc, and must therefore be developed in

Sweden.
Development of more cost effective surfacings is also an activity which must

be given priority. On the street and road network which carries low amount of
traffic, it is primarily the development of surfacings of greater resistance to ageing
and better methods of reinstatement after road works which should receive
priority. On the road network carrying heavy traffic, it is mainly development of

pavements resistant to deformation that should be accorded priority.

5.6.2 Background

During the whole postwar period, very large investments have been made on
expanding the Swedish road and street network. According to a Riksdag

resolution in 1993, Sweden shall invest a further sum of ca SEK 100,000m over a

ten year period on expanding the road and rail network. Of this sum, about SEK
70,000m is for new roads. Operation and maintenance of roads, streets and

airfields is estimated to cost an additional SEK 10,000m annually.

Since the roads which are replaced by new roads of higher capacity are not
taken out of service as a rule, the road area to be maintained constantly increases.

At the time of comprehensive housing construction at the beginning of the 19708,

many low trafficked housing estate streets and pedestrian and cycle lanes were

also built, and in the 1990s these will need a lot of maintenance. Even now, there

is already a growing backlog of maintenance in most municipalities which

demands planning, priority ranking and the development of new cost effective
maintenance measures.

Paved surfaces on civilian and military airfields are also in great need of cost-
effective maintenance.

5.6.3 Reasons for maintenance planning

It is often difficult to justify the maintenance of existing streets and roads and to

generate funds for this. The release of funds for investment in new roads is often a
political decision which may be made from different motives. In order to justify

funds for maintenance, it is usually necessary to provide some form of impact
assessment of the future scenario relating to maintenance funds at the same or
reduced level or no funds at all. There are also stringent demands for priority
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ranking and planning of maintenance measures in order that the funds allocated
should be used in an optimum manner.

There is therefore a great need for a well functioning planning system for the
maintenance of roads and streets. In principle, a planning system is in two parts:
an administrative part which deals with calculations, priority rankings,
presentations etc, and a part comprising prediction models for the status changes
and service lives of road constructions, and the cost effects of different road
conditions.

The administrative part of the planning system is of general character, which
means that it need not necessarily be developed inside Sweden, even though this is
preferable. Prediction models and expressions for the assessment of the effects of
various measures are however highly sensitive to factors which depend on
geographical conditions, climate, traffic load, road materials and different types of
road construction. It is therefore impossible to "import" prediction models and
expressions from other parts of the world.

Development of prediction models which satisfactorily describe changes in the

condition of surfacings and road constructions and predict their service lives place
high demands, both qualitatively and quantitatively, on the data on which the
prediction model is based.

There is also a great need for models which evaluate the effect of maintenance

and strengthening measures. This need exists most of all in the design of

maintenance and strengthening measures on "undesigned" roads.

In order that we may benefit from planning systems for maintenance measures,
modern tools for condition assessment and action planning are also needed. We

now have advanced tools for surveying the condition of the road surface in the

form of Laser RST. Data from Laser RST can also be used in action planning
through e.g. "Fill&Mill". Structural state can be judged by falling weight
de ectometer measurements. Laser RDT, an apparatus for continuous
measurement of bearing strength at 70 km/h, is also being developed. Georadar is
another instrument which will in a few years be available for action planning.
What is therefore needed is to develop a tool which integrates condition
assessment and action planning. This tool must be able to handle and compile data

from both visual condition assessments and the above measuring apparatus.
It is also necessary to continue development of cost effective maintenance

measures for the low trafficked street and road network. In Goteborg Municipality,
for instance, about 65% of the total paved area consists of roads and streets with

AADT below 2000. There are also combined pedestrian, cycle and moped lanes

which make up ca 10% of the total paved area. Airfield surfacings have

maintenance needs which have much in common with the low trafficked
municipal streets and roads.

Development of creep stable maintenance measures for the heavily trafficked
road network is one example of an urgent problem area.

The endeavour should also be to make better use of road construction materials

by means of economic management and recycling, to reduce traffic disruptions by
increasing production capacity, to adapt maintenance measures to the conditions

of the road in question, but, nevertheless, to meet the performance requirements.
It is also necessary to develop maintenance strategies which secure the

functional propertiesof roads for the future. A maintenance measure must not
adversely affect the future functional properties of the road. One example of such
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a case may be the incorporation of unstable bituminous layers in the construction
which may cause wheeltracking. Nor should the materials used be such that the
surfacing materials cannot be recycled in future.

5.6.4 Present state of knowledge

Owing to the annual surveys which have been carried out with Laser RST over the

past decade, we have relatively good knowledge today of the surface condition of

roads (rutting, longitudinal irregularities, texture etc). We do not have information

of the same quality regarding the structural state of roads. It is to be hoped that
development of Laser RDT (Road Deflection Tester) will make it possible for

surveys of the structural state of roads to be made at road network level.

As regards prediction models for changes in the condition of roads, we have

made some progress through a project which the Swedish National Road
Administration has commissioned at VTI. Most of the work during the first ten

years comprised documentation of changes in condition by collecting high quality
condition data on well defined road sections. The goal is to develop prediction
models for cracking, wheeltracking, longitudinal irregularities, etc. We have today

produced the first generation of models for cracking and rutting with a limited part
of the collected data. A Transport Research Board project with the object of

developing a prediction model for the rutting caused by cars with studded tyres is
being conducted at the same time. A first model for calculation of the
strengthening requirement on the basis of falling weight de ectometer data has
also been produced.

' As regards damage survey and action planning, VTI has long experience on
which development of an advanced tool can be based. The Swedish National Road
Administration also has experience in collecting subjective data.

Work goes on all the time to devise cost effective maintenance measures. In the

past five years, work on designing cost effective and abrasion resistant wearing

courses for roads carrying heavy traffic has achieved success. In the next few years

similar work must be done on developing cost effective maintenance measures for
lightly trafficked streets and roads.

5.6.5 Urgent problem areas

On the basis of the above considerations and the present state of knowledge, the
research requirement has been organised in a number of problem areas. From

these problem areas, a project plan containing different project proposals is drawn
up.

Prediction models for the status changes and service lives of road
constructions
Prediction models for Swedish conditions must be made up of partial models
which primarily describe the development of rutting, cracks and irregularities in

the longitudinal direction of the road.
The wheeltracking model must take account of rutting caused by traffic with

studded tyres and rutting due to the loads imposed by heavy traffic.

The prediction model for cracking should comprise the time of appearance of
the first crack and the way cracks continue to grow.

An evaluation should be made of an index for longitudinal riding quality which

is relevant to Swedish conditions. The relevance of the present roughness index
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both as a measure of comfort and as a technical index in conjunction with e.g.
DCM contracts should be investigated.

Since a large proportion of the Swedish road network has not been constructed

in accordance with specifications, there is a need for a model which, on the basis

of falling weight de ectometer measurements and other investigations, can design
a strengthening measure for a road construction which is not well defined with
regard to layer thicknesses and material properties.

Planning system for pavement maintenance
A planning system for pavement maintenance is a tool for priority ranking,

optimisation and planning of future pavement maintenance. It must also be
possible for this to be used for assessments of the consequences of different levels

of maintenance spending. These assessments should contain cost forecasts for

society at large and also for road management authorities and road users.
Prediction models which describe changes in the condition of a road

construction are an important part of a planning system for pavement

maintenance, but knowledge at greater depth is also required regarding the
relationship between the condition of a road and the costs incurred by society,
road users and road management authorities for the creation of a well functioning

planning system.

Integrated tool for condition assessment and action planning
The increasing maintenance need on our roads places ever growing demands on

the collection of different types of data on which decisions regarding maintenance
and rehabilitation measures can be based. Today. there are several advanced
measuring instruments available for effective collection of data which describe the

condition of a road:

0 The RST car can today be used to collect a quantity of information on the
surface characteristics (e.g. rut depth, longitudinal roughness, texture
measurements) and geometrical data (e.g. crossfall, bends, slopes, water

depth in ruts) of the road. Work is also in progress on an effective hybrid
system (video picture+laser) for crack surveys. With "Fill&Mill and data

from Laser RST, plans can be drawn up for rehabilitation of the road

geometry.

0 With falling weight de ectometer measurements we can form an idea of the

structural state of a road construction. A project is in progress at VTI to

develop a survey vehicle which can collect de ection data at high speed.
Such a survey vehicle has such high measuring capacity that de ection

measurements can be made as survey measurements over large sections of

the Swedish road network.

0 Geo Radar for continuous nondestructive measurement of the thickness of
different courses in a road construction is a measuring process which has

been developed very rapidly in recent years. Data concerning layer thickness
are very important information in planning maintenance and rehabilitation
measures. It is for instance essential to know what layer thicknesses are in
order that de ection data may be used in an optimum manner.
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0 Sampling equipment, "The Facilitator", which has been developed for
rational sampling of materials in the road pavement and subgrade is also

available today. Information concerning the existing materials is very
important in designing maintenance or rehabilitation measures.

For the compilation, processing and presentation of data from manual condition

assessment and the above measuring methods, an integrated tool is required as an
aid in action planning. A tool of this type is essential if a designer is to be able to

utilise all the information regarding the road section in question. An integrated

tool :of this type can also be used to advantage in presenting data from road
projects which are to be procured as DCM contracts.

Methods and strategies for cost effective maintenance
In order that the increasing need for maintenance may be met, it is essential to
develop more cost effective measures for both the lightly and heavily trafficked
road network. This can be done by developing new methods and by adapting
foreign methods to Swedish conditions.

It is necessary to develop maintenance measures which make it possible for the
consumption of road construction materials to be limited by more effective
utilisation of processed or refined materials, and primarily by increased recycling
of old road pavement materials. High quality aggregate should be returned to the

heavily trafficked road network by hot recycling, either in a plant or on the road.

Strategies should be developed for maintenance and strengthening by a more
pronounced application of life cycle cost calculations regarding the whole cost

configuration including environmental costs.

There is also a need for maintenance strategies which secure the future
functional properties of the road.

Cost effective maintenance of surfaces carrying light traffic

In this context, the term surfaces carrying light traffic refers to combined
pedestrian, cycle and moped paths, housing estate streets, rural roads, airfield

pavements, hardstandings, etc. What these types of surfaces have in common is

that their resistance to ageing is given priority, while abrasion resistance is not a
function which has priority. Nor is heavy traffic any problem as a rule. However,
airfield pavements and hardstandings are an exception in this respect.

Ageing is a slow process sensitive to climate, which means that development
work is far too slow and uncontrolled if it is to be carried out by full scale tests. In

order to increase the pace of development, it is necessary to develop laboratory
methods to simulate changes in bitumen during production and to perform .
accelerated long term ageing tests on surfacing samples.

Well functioning laboratory methods for the simulation and acceleration of

changes in bitumen will make it possible to perform rapid testing and evaluation
of the effect of new material components on the ageing characteristics of

surfacings.
Performance requirements and methods for the design of surface dressing, and

evaluation of the properties of surface dressing, should also be developed. The

same development need exists for slurry seals.
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Reinstatement after streetworks appreciably reduces service life. The problem

is particularly serious in urban areas. The development of new and more cost
effective reinstatement methods is given high priority in urban municipalities.

Cost effective maintenance of pavement surfaces carrying heavy traffic

In the past five to ten years, the whole sector has contributed to the development
and implementation of abrasion resistant pavements on the road network carrying
heavy traffic. The next large task is to develop performance requirements
regarding the stability of pavements. It may be necessary to specify different
performance requirements depending on the role which a course in the pavement
has in the road construction. This may mean that performance requirements for

one and the same course may vary in time depending on where in the pavement
the course is situated. Alternatively, a maintenance strategy is to be developed

which takes account of the performance requirements. On the road network

carrying heavy traffic, this may for instance imply that the role of each course in

the pavement will be more clearly defined; a homogeneous and water resistant

roadbase of good stability and load spreading capacity, a base course of good

stability, and an abrasion resistant and stable wearing course ofgood surface
properties.

5.6.6 Project plan

Proposed projects and project activities

Predictionmodels for the status changes and service life of the road construction
Development of prediction models for load induced cracking

Prediction modelfor the occurrence of the first crack

Prediction modelfor continued crack development
Development of forecasting models for rutting

Prediction modelfor load induced rutting

Prediction model for rutting caused by tra ic with studded tyres

Development of prediction models for deterioration in riding quality
Development of relevant roughness indices

Prediction model for deterioration in riding quality

Development of design model for the strengthening of "undesigned" roads.

The prediction and design models are developed from data collected from

measurements on well defined observation sections. Data collection commenced

on a small scale in 1984 and has since been developed into a relatively

comprehensive observation programme.

In developing a prediction model for rutting caused by traffic with studded

tyres, data are taken from the VTI research project regarding the characteristics of
wear due to studded tyres.

Planning system for pavement maintenance

Evaluation of, and additions to, existing models for the relationship between road

condition and costs.
Apart from prediction models for the status changes and service life of roads, a

planning system also needs input data which describe relevant cost relationships
between road condition and the costs for society, road user, road management

authority, etc.
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Development of integrated tool for condition assessment and action planning

The goal in this problem area is to develop a product which can function as an

advanced integrated tool, both in the field and in an office environment, for

condition assessment and the planning of maintenance and rehabilitation
measures. The software must be. able to import, process and present data from

manual condition assessments, integrated road surface measurements, advanced
planning tools, falling weight deflectometer measurements, continuous bearing

strength measurements, georadar, etc. The system should also be adapted to the

PMS system of the Swedish National Road Administration which is under
development. There are three principal applications which must be developed:

1. Detailed condition assessment on foot
2. Outline condition assessment from a car

3. Planning of maintenance or rehabilitation measures in the field or in the
office

Methods and strategies for cost effective maintenance

Cost effective maintenance of lightly trafficked pavement surfaces

Development of criteria for pavements resistant to ageing

Better methodsfor reinstatement after streetworks

Design methodfor surface dressing

Evaluation methodfor surface dressing

Cost effective maintenance for pavement surfaces exposed to heavy traffic
Stable maintenance measures

Maintenance strategy based on performance requirements

Organisation
The work is performed in the form of projects with a responsible project manager

for each project (see text in italics). In other respects work is adapted to the
overriding organisation for Highway Engineering 2090.

Costs
The overall cost ceiling for the action area "Better and cheaper maintenance" is
SEK 25m divided over the years 1996 2002. Costs within the action area will be
allocated when more detailed project proposals are available.

Time schedule
In the autumn of 1995 negotiations are held with funding organisations for the
research programme. Project managers are appointed for the projects. In January

1996 detailed project specifications are formulated and the project managers take
over operational responsibility for each project.

Resources
The competence of the sector for research and development in the field of

highway engineering is called upon. Those involved may be road management

authorities, contractors, consultants, research institutes and authorities such as

VTI, technical universities, etc.
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5.6.7 Expected benefit

Well substantiated and functioning prediction models and planning systems yield
large gains through improved priority ranking, optimisation and planning of the

available resources. With the help of a planning system, it is also possible to
describe the consequences due to cutbacks or investments in upgrading a road
network. Since very large sums of money are allocated for the maintenance and

rehabilitation of the road network, a saving of only a few per cent amply covers
the cost of the proposed R&D programme.

A design method for old "undesigned" roads which, together with a modern

tool for action planning, can make use of the large quantity of descriptive data

(road surface data, bearing strength, georadar, material samples etc) which can be

collected enables better precision to be applied in calculating the need for
strengthening. This will result in a road which, after strengthening, is more

homogeneous from the standpoint of bearing strength. Rehabilitation of a road
without under or over designed sections saves a lot of money both on
strengthening work and, most of all, for the future.

Ageing and substandard reinstatement after streetworks are the most common

causes of maintenance on lightly trafficked municipal streets. Pavements less
prone to ageing and better methods of reinstatement can appreciably lengthen the

service lives of these surfaces.
Road construction materials such as aggregates and bitumen are finite

resources. Although Sweden is in a fortunate position regarding the availability of
aggregate material of good quality, extraction leaves deep scars in nature and the
costs of reinstating borrow pits are very high. Availability of natural gravel is also
very limited in many areas. We should therefore be sparing in the use of mainly
high quality aggregate materials by better management and recycling. Wearing

course surfacings on streets and roads which require the use of high quality

aggregates should therefore be made as thin as possible. Surface dressing is one

example of effective wearing course surfacing which is material efficient.

Through better design and evaluation methods the properties of surface dressing

can be appreciably improved.
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5.7 Winter road maintenance

5.7.1 Summary

The aim of this programme area is to ensure through research and development

that the road management authorities receive the support and information which is
needed to bring about an improvement in winter road management and

communication with customers. Winter road maintenance shall be improved so

that, with at least the existing traffickability and road safety retained, it meets the

wishes of road users and society. In addition, it must be compatible with the
ambition of the road management authority to be an environmentally aware and
effective authority, with the customer as the focal point. The programme aims at
measures which develop

0 Models for macro economic evaluation of alternative strategies and
standards which can be used in both long term planning and the

development of General Technical Specifications

0 Knowledge of the primary and secondary environmental effects of winter
road maintenance

0 Information system (IS) as the basis for ordering, follow up and verification

0 Necessary development of capability and exchange of experience both

within the Swedish National Road Administration and within the sector.

The urgent problem areas where research is proposed are

0 Production technology regarding chemical and mechanical de icing
treatment and snow clearance

0 Development of models

0 Studies of the willingness of road users to pay

0 Environmental effects of road salt

0 Information system

5.7.2 Background

The MINSALT project which was terminated in 1991 yielded proposals for a new

strategy which does not in all respects agree with the new working method which
procurement of winter road management implies (1). The MINSALT strategy
proposed organisational and production engineering changes which were not
compatible with the performance requirements to be specified when procuring the

road condition services Snow and Skid Free Road and Snow Covered

Carriageway.

Changes in the organisation of the Swedish National Road Administration and

the increased salt consumption of the past few winters, which caused -
dissatisfaction among road users, have called attention to the need for an

improved winter road maintenance strategy which takes account of the effects of
road safety, traffickability, environment and information technology.

Procurement of the road condition services Snow and Skid Free Road and
Snow Covered Carriageway, with the general technical specifications DRIFT 94
(2) as the basis, has worked well but must be developed. One parameter is friction

whose description in performance terms has not yet been possible. The
specification of performance and optimum standards must be developed so that
restrictions and workmanship specifications are used to a lesser extent. At present,
the payment models do not at all times create the balance between work and the

90 VTI rapport 406A



payment which is demanded. The payment models shall in addition encourage less
use of salt without any adverse effects on traffickability and road safety.

After the winter season of 1993/94 when consumption of road salt was at a new

all time high, greater than normal damage to vegetation was also detected along

major roads in central and southern Sweden. Most extensive damage was found
on deciduous trees, and this made it necessary to perform acute observations and

analyses; a number of wells in the vicinity of the road were also stated to have
elevated chloride contents. All regions made a survey of the extent of damage
along the principal road network. A more comprehensive analysis of salt damage

to vegetation, soil and water was carried out along E20 in Skaraborg County in
Region West. It shows that more knowledge is needed concerning the primary and

especially the secondary effects of winter road salt.

The wishes, value judgments andbehaviour of the customers have been to
some extent surveyed, often in connection with market analyses concerning the

overall activity of the Swedish National Road Administration. In order that better
data may be obtained regarding the way our customers value the road condition
standards we have on different types of road, we need both traditional road user

surveys and studies of the willingness of road users to pay.

A comparison of road condition surveys in 1973, 1977 and the winter of
1993/94 has shown that the various strategic and production engineering changes
and improvements which occurred over the years have had hardly any effect on

the percentage distribution of roads which are free of snow and those which are
covered in snow and ice. This applies to both salted and unsalted roads, and in
depth analyses are therefore needed to find why the differences in these
distributions have not been greater.
A comparison of winter accidents on the State road network shows that there

has been very little change over the years irrespective of whether the winters had
been mild or cold. The use of winter salt has however varied a lot. In the winters

of 1992/93 and 1993/94 consumption increased by 100% without any measurable

effects on traffickability and road safety. This means that we must try and find
more relationships based on other factors.

5.7.3 Goal

The goal is to ensure through research and development that the road management

authorities receive the support and information which is needed to bring about an

improvement in winter road management and communication with customers.

Winter road management shall be improved so that, with at least the existing
traffickability and road safety retained, it meets the wishes of road users and
society. In addition, it must be compatible with the ambition of the road
management authority to be an environmentally aware and effective authority,
with the customer as the focal point. The programme aims at measures which

develop

0 Models for macro economic evaluation of alternative strategies and
standards which can be used in both long term planning and the

development of General Technical Specifications

0 Knowledge of the primary and secondary environmental effects of winter

road management

0 Information system (IS) as the basis for ordering, follow up and verification
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0 Necessary development of capability and exchange of experience both
within the Swedish National Road Administration and within the sector.

5.7.4 Present state of knowledge

In the field of winter road management, we have relatively good knowledge of the
effects of different production technologies, de icing materials, primary

environmental effects and traffickability in different road conditions. The Swedish
National Road Administration also has a very good reputation internationally as a
forerunner in regard to research and development. Together with VTI, the

Administration also monitors developments all over the world in the field of
winter road maintenance.

Chemical de icing treatment

De icing techniques were developed during the 80s from using dry salt to pre
wetted salt and saturated salt solution. During the last winter season the slurry

method was tested as an alternative to pre wetted salt and salt solution. Since
salting was introduced in the 605, sodium chloride has in principle been the only

material used in chemical de icing. During the last two winters, calcium

magnesium acetate (CMA) has been tried on E4 at Nyko'ping; 20% CMA was

mixed with 80% sodium chloride with good results. Corrosion was cut by about
40% and application events were reduced on the trial section by about 15% (3).

Mechanical de icing treatment

The effects of different mechanical de icing treatments used on the lightly

trafficked road network are well investigated and documented. Experiments show

that salt free alternatives achieve just as good an improvement in friction on snow
covered roads as a salt sand mixture. Salt free material such as crushed rock and
mainly crushed sedimentary limestone in the 2 4 or 2 5 mm fractions should be

used more extensively. In tests these materials have exhibited good results in the
form of friction improvement and lasting effect. In addition, a salt free material

has no negative effect on nature in the immediate vicinity of the road. Crushed
sedimentary limestone has the effect of raising pH in the environment surrounding
the road, even though this increase cannot be quantified at present. Salt free
materials would also help reduce corrosion on vehicles and installations in the
road environment. Scarifying of compacted snow and ice by different types of

cutting edges on snow ploughs also improves friction in varying degrees.

Snow clearance

Different types of snow clearing equipment and their capacities under different

road conditions were tested during the 805 and are well known within the Swedish

National Road Administration. However, the most effective equipments are not

used to the extent which ought to be the case, probably because of the high
investment costs. Tests on combination equipment including a brushing aggregate
have been studied, but unfortunately such equipment cannot be driven at a high

enough speed.
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Development of models

Macro economic calculations are used at present to describe different quality
standards on the State road network; knowledge is quite good, but many more
relationships are needed. Road condition surveys in the last few years have been
processed in such a way that road condition distributions of different types have
been produced for use in modelling.

Studies of the willingness of road users to pay

Some studies have been made using the Stated Preference method, so that some

knowledge is available. But to ascertain the value judgments and opinions of road
users, many more specific willingness-to pay studies and also conventional

market surveys are needed.

Environmental effects of winter salt

The primary environmental effects of winter salt such as corrosion, the effect on

vegetation, salt in groundwater and changes in soil conditions, are well known.
Primary environmental effects have been studied for a long time in Sweden, and
internationally alsosound knowledge is available. On the other hand, a lot is still
not known about the secondary environmental effects of winter salt, such as
whether salt affects oil traps in washing bays and the way in which increased use
of degreasing agents affects sewage works. Generally speaking, more studies are
needed into the effects due to the use of detergents and degreasing agents in
Winter.

Information system (IS)

As regards winter road management, trials have been conducted on storing VViS

data (Road Weather Information System) in an expert system. Data from the VViS

system are today used in deciding what action to take, but with the assistance of

the expert system the decision maker could receive support in determining what

quantity of salt should be spread. Knowledge of expert systems is available within

the Swedish National Road Administration, and should be used to secure action of

higher quality.
VVHS (Winter Road Management System) is a system for planning,

controlling/managing and following up snow clearance and de icing measures.

The system is being tested at present by Production East at Vasteras and by

Production West at Varberg, where a total of 22 vehicles are equipped with GPS
for positioning and mobile data communication for communication with a control
centre. The principal object of the system is to enhance quality and increase
resource utilisation by the contractor through optimum planning. Information from
the system creates the opportunity for optimisation of action and improved
follow up. The system can also meet the client's requirements for different kinds
of information, e.g. the quantity of salt used. VVHS is a real time system and can
also be used as part of a road user information system and as a parameter in a
quality system.

Performance requirements

The requirements specified in General Technical Specifications shall as far as

possible be set out in performance terms. In DRIFT 94 the road condition services
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Snow and Ice Free Road and Snow Covered Carriageway are mostly described in

performance requirement terms. Requirements concerning friction values are not

included, but development is proceeding in this respect. In order to reduce road

users' costs, it must be possible to specify measurable and checkable performance

requirements for the contractors.

MeasUring methods

Measurement that the established standard has been achieved is performed by the

manual method described in Method Specification 105 (MB 105). However, the

result of condition observations according to MB 105 is a description of the
average state of the road over the winter. It does not show how well the contractor
succeeded in complying with the requirements specified in DRIFT 94. The reason
is that observations are made at all times of the day, and this means they are also

made when the road is free of snow during the winter. Development is in progress

to enable mobile measurements to be made in real time, with the result that the

measurement data will be of higher quality and easier to analyse. However,
observations according to MB 105 provide a good idea of the distribution of road

conditions within the regions.

Educa on

In order that all contractors may acquire the knowledge needed to plan and carry

out a good winter management standard, the Educational Centre of the Road

Sector (VUC) offers training in all activities involved in winter road management.

The competence and experience available in the SNRA are utilised to give this

training the quality required.

5.7.5 Urgent problem areas

In winter road management, there have been no major revolutionary innovations

in the past 15 20 years. Work has been relatively static, and the changes or
improvements made have been more in the nature of variations on an already
known theme. Production changes have been made, but they have been quite

modest in extent. The materials for de icing treatment are the same today as thirty
years ago. Environmental awareness has changed in the organisation and on the

part of road users, and the need for alternative strategies for chemical de icing is

therefore evident. Methods have been improved, but not so much that road

condition distributions are different from what they were twenty years ago.

Organisational changes in road condition monitoring have been tried but have not
been successful. Taken all together, this sounds perhaps pessimistic, but the
improvements made over the years have nevertheless had a positive effect on road

safety and probably on traffickability also. Within this area there is a great
potential for improvements for road users as regards the standard of the road

surface, especially on pedestrian and cycle paths. One serious problem which is of
paramount importance in winter road management is that the conditions which
govern the chances of achieving the goal of a carriageway free from snow and ice
are constantly changing. Owing to the fact that we use different types of
pavements and surfacings, it may be difficult to comply with the specified
requirements since thermal conditions and the ability of different surfacing types
to bind snow and ice are different.
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In view of the above, the need for research and development has been

formulated in problem areas which refer to the areas described in 5.7.3, Present
state of knowledge.

Chemical de icing treatment

The alternative de icing agents available in the market today have certain negative
effects which sodium chloride (NaCl) does not have, such as price, environmental

impact, availability etc. Standard requirements on the principal road network will

not appreciably change in future; good friction, satisfactory traffickability and a
high standard of road safety imply that the road must be kept free from snow as

long as possible. Whether these requirements will be met by chemicals, storage of
heat in the road embankment or some other type of protection against snow and
ice on the carriageway is not certain at present. Additions of environmentally
friendly thaw promoting preparations may be one way of reducing adhesion
between ice and snow layers.

Mechanical de-icing treatment

On 80% of the State road network, different types of friction enhancing materials
such as salt sand mixture and crushed products of different kinds are used at

present. This road network carries only about 30% of the total traffic mileage, but
we must be able to provide satisfactory friction on these roads also. It should be

possible to improve the cutting edges on plough equipment so that they provide
good friction after a snow covered road had been ploughed; this would reduce the

need for other friction enhancing measures. Different materials which are heated

to the correct temperature could provide a much better long term effect. Anti skid

surfacings should be devised for use on the lightly trafficked road network.

Alternative and perhaps recycled materials should be investigated and evaluated.

Snow clearance

Alternative ways of ploughing away snowby brushing or blowing are used at

airports, and such a method could counteract the problems due to snow whirl
when only small amounts of snow are left on the road after such an action. The

problem is to overcome the large power comsumption of this method. There is a

great need for snow clearance equipment which has the capacity to remove
compacted snow and ice at high speed, and also for combination ploughs with
blades of rubber or some other material which can be driven at high speed. Rubber
blades, steel or tungsten carbide blades or blades of other materials should be
developed or combined to improve the effect of ploughing.

Development of models

The input data for calculations in the macro economic models which are used to
calculate operational standards must be continuously renewed and improved. It
must be possible for the effects of different quality standards to be estimated. This
means that several models must be developed, such as

0 road condition model which calculates road condition on the basis of

weather, production input, etc

0 model which calculates the road condition effect relationship
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0 evaluation/optimisation model which evaluates effects and considers these

together with roadmaintenance costs, resulting in a macro economically
optimum winter road management.

Studies of the willingness of road users to pay

It is probable that different groups of road users will always be irritated by the way
the road network is maintained and will complain about this. It is therefore
essential that the Swedish National Road Administration carries out different
types of market analyses to ascertain the views of road users and also their
willingness to pay for a certain road surface standard. Stated Preference studies
also provide a better monetary assessment of how road users judge and value

standards in relation to the costs incurred by both the road management authority

and the road user.

Environmental impact of winter salt

Further studies must be made of mainly the secondary effects of winter salt. Many

more car care products such as degreasing agents and other harsh detergents are
used in winter than in summer; the use of these and their environmental impact

must be studied with regard to e.g. the heavy load placed on sewage treatment
works in winter. On the whole, the use of cleansing agents which have a
deleterious impact on the environment should be minimised inside the road area;

examples of such use are washing of edge marker posts and road signs. Dirt
repellant material should be used for these so that the number of washes is

considerably reduced.

Information system (IS)

By using as communication links the about 600 measuring sites of VViS, the
Road Weather Information System of the Swedish National Road Administration,

utilisation of this system could be improved. Friction measurement, salt residues,

speed, type of remedial action etc are the parameters which can be measured at

every station. It should be possible for these stations to transmit information to the

production units which pass by, such as temperatures, humidity and recommended
salt spread rate on the basis of a climatological model.

Transport management systems such as VVHS (Winter Road Management

System) should serve as a link between clients and contractors when information

is to be exchanged. The quality of information would probably improve, and

VVHS could become an important element in a quality system.

Performance requirements

In order to gain acceptance and understanding for winter road management, the
road users must be able to identify the performance requirements regarding

standards which the road management authority specifies for the work. If these
performance requirements can be formulated in a more accessible manner, road
users will be able to judge the risks associated with different road conditions more
objectively. This should lead to better adaptation of speeds to prevailing
conditions and presumably a reduction of wintertime accidents.
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Measuring methods

The automatic mobile measuring equipment referred to earlier will, it is hoped,
provide an objective description of the road surface standards which are
encountered in winter. Pedestrian and cycle paths will be more difficult to

measure by mobile equipment, which is unsatisfactory. For these paths an
alternative method must be developed to ensure that the performance requirements
are complied with.

5.7.6 Project plan

The areas in which projects should be carried out are as follows:

Production technology

Techniques, materials and methods should be investigated and developed further
so that the results of the work provide the road user with a good environment on a
safe road network.

Development of models

In order that the consequences of a selected standard may be described from a

macro economic perspective, the calculation base must be constantly improved.
Many relationships are unknown, and in these cases alternative solutions must be
considered in order that this may be overcome. The results must be used so that

the requirements regarding standards can be specified in a way that is as near the
optimum as possible. It must be possible for the effects of the selected standard

class to be described with regard to e. g. budgetary restrictions.

Studies of the willingness of road users to pay

It is important that road users should be enabled to value in monetary terms the

requirements specified for road surface standard in winter. In order that an answer

may be obtained to whether the macro economic benefit is the optimum, a better

basis concerning the views of road users is required; this can be obtained through
these studies.

Environmental effects of winter salt

Better knowledge of the secondary environmental effects in winter road
management is essential. The effects of soiling and cleaning in the environment
near the road, the use of chemicals in traffic, etc must be studied. A method must

be developed so that in nature winter road salt can be distinguished from salt of
other origin.

Information system

It should be possible to develop the Road Weather Information System VViS so

that it can also serve as a primary basis system for communication and real time

information between knowledge sources and production units in order to optimise

action. Other information systems should eventually be coupled with VViS. By

offering better information for the client/contractor and the road user, the results

of, and understanding for, winter road management action should be improved and
road users should be better satisfied.
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Organisation

For each subproject a project manager is appointed whose responsibility it is to

ensure that work is carried out effectively and successfully. Work on the
subprojects is reported in accordance with approved, time schedules to the project
manager who is responsible to the client. It is proposed that a reference group
representing the sector should be setup.

Costs

The average total annual cost of the subprojects is estimated at SEK 4m. A more

detailed cost estimate and cost schedule for each subproject will be drawn up after
a dialogue with the clients.

Time schedule

After discussion with the clients, the project managers concerned will formulate

detailed project specifications and time schedules.

5.7.7 Expected results

Through research and development of materials and methods in winter road

management, the costs of road users will decrease. The benefits which may be
expected are positive effects in the form of increased road safety, better
traffickability, reduced environmental impact, a cleaner road environment and
therefore better satisfied road users. New strategies based on different
climatological conditions could provide the road management authority with other
opportunities to commission work on the basis of an optimum standard
specification suited to conditions in the region. An improvement of the models so
that the effect of the selected standard can be predicted would create for those
responsible for winter road management a much better basis than in other areas for
the selection of a standard.

Greater knowledge of environmental effects due to different winter road
management strategies is essential. It is very important for this knowledge to be

produced for use as the basis of the models. It will in this way be possible to
calculate the cost/benefit of different strategies with high accuracy.

The benefits of improved communication and information with the assistance

of IS should give both clients and contractors improvements in the quality of
work. The traffic benefits of such reliable information concerning measures and

road conditions etc should produce effects in the form of behavioural changes and

thus a reduction in accidents.
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6 Implementation
It is proposed that of the total resources in HIGHWAY ENGINEERING 2000,
25% should be allocated for a special programme for implementation, i.e. work on

the translation of R&D results into production. This includes, for instance, the

design of information material, Videos, manuals and handbooks, and the holding

of courses, seminars and other education. Implementation also includes the

construction of trial sections to test new techniques. By allocating resources
already at the planning stage for the translation of research results into production,
it will be possible for these to be applied rapidly by road management authorities,

contractors and others.

7 Time schedule

The following time schedule is proposed for the execution of HIGHWAY

ENGINEERING 2000:
Detailed programme development Autumn 1994 June 1995

Completion of R&D programmes January 1996 December 2001
Implementation 1997 2002

During the autumn/winter of 1995/96, the endorsement of the sector for

HIGHWAY ENGINEERING 2000 will be secured, and applications for finance
for the programme will be made to the grant authorities, in the first place the

Swedish National Road Administration and the Swedish Transport and

Communications Research Board, but also the Association of Local Authorities,

the Council for Building Research, the Building Industry Development Fund,

contractors and other industry.

8 Costs and finance
Execution of the detailed work on the programme in 1994/95 was financed by the
Swedish National Road Administration, VTI, the Association of Local

Authorities, Skanska, Nordic Construction Company, Nyn'as, Cementa, the Royal

Fortifications Administration and Dynapac.
The cost of carrying out HIGHWAY ENGINEERING 2000 has been estimated

to be as follows. There is some variation between subprogrammes and between

different years.
R&D programmes: SEK 25m annually for six years SEK 150m

Implementation 50m

TOTAL SEK 200m

It is proposed that the costs of carrying out HIGHWAY ENGINEERING 2000

should be paid by the sector, i.e. the State (Swedish Transport and

Communications Research Board, Council for Building Research), road

management authorities (Swedish National Road Administration, Association of

Local Authorities), contractors (Building Industry Development Fund, Nordic

Construction Company, Skanska, VV Produktion etc), and industry (Nyn'as,

Cementa etc). Finance from EU funds may also be available. Applications for
funds for some of the described programmes have been made, or will at a later
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date be made, to the EU 4th Framework Programme. In some cases the prospects
of obtaining finance via the EU appear favourable.

The allocation to the different funding organisations of the cost of executing
HIGHWAY ENGWEERWG 2000 will be part of the work during the
autumn/winter of 1995/96 to secure the endorsement of the sector for the
programme. Funds will primarily be sought per area and project, since the interest
in the different areas may vary on the part of the funding organisations.

9 Execution and organisation
Execution of HIGHWAY ENGINEERING 2000 as proposed in this report

requires a special Organisation in order that the goals and benefits described

should be attained. Individual projects and programme areas should be

administered in a common organisational structure so that e.g. synergy effects may
be achieved. For Swedish conditions, the programme is of such an order of

magnitude, about SEK 25 30m annually, that an organisation made up of

representatives of the sector should be created. The proposal for such an
organisation and the execution of the programme is described schematically in

Figure 2.

It is proposed that HIGHWAY ENGINEERING .2000 should be directed by a
reference group with a chairman who will also have operational responsibility for
the unified programme. The group will be made up of representatives of funding
organisations and research institutions. It is proposed that the number of members
should be 8 10.

Each of the seven programme areas is to be lead by a technical advisory group

with a chairman who is similarly responsible for the programme area. The
chairman is responsible for work in his programme area and reports to the
reference group.

Actual work will be performed in the form of a number of projects, with a
project manager in charge of each project.
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Figur 2 Proposal for the organisation ofHighway Engineering 2000.
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