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FHWA INTERNATIONAL TECHNOLOGY
EXCHANGE PROGRAMS

The Federal Highway Administration’s (FHWA) Technology Exchange Program
accesses and evaluates innovative foreign technologies and practices that could
significantly benefit U.S. highway transportation systems. This approach allows for
advanced technology to be adapted and put into practice much more efficiently
without spending scarce research funds to recreate advances already developed by
other countries.
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countries where significant advances and innovations have been made in
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financing. Scan teams usually include representatives from FHWA, State
Departments of Transportation, local governments, transportation trade and
research groups, the private sector, and academia.
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comprehensive reports, including recommendations for further research and pilot
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transportation professionals to remarkable advancements and inspired
implementation of hundreds of innovations. The result: large savings of research
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EXECUTIVE SUMMARY

The Federal Highway Administration (FHWA) and the American Association of
State Highway and Transportation Officials (AASHTO) conducted a study under
the International Technology Scanning Program on the topic of superior materials,
advanced test methods, and specifications. The study included visits to several
European nations. During the visits, representatives of the United Kingdom,
Denmark, Germany, and the Netherlands discussed their unique approaches to
introducing, approving, and specifying new materials and manufactured products
employed in highway construction. Issues discussed ranged from high-level policy
issues to specific material evaluation procedures. The visits proved helpful in
meeting the overall objectives of the scan, which ultimately will benefit the
highway industry in the United States by identifying how processes for introducing
new and innovative materials and products might be improved.

OBJECTIVES

The scan focused on the use of superior materials in the highway infrastructure.
For the purpose of this scan, “superior materials” were defined as those materials
and manufactured products that do the following:

* Improve performance of the constructed facility significantly.

* Are cost effective from either an initial and/or life-cycle (whole-life) cost
perspective.

¢ Improve safety for the traveling public and/or the construction worker.
* Reduce construction time.

Furthermore, projects on which the superior materials can be employed include
the following:

e New construction.
¢ Reconstruction of existing facilities.

¢ Rehabilitation, repair, and preservation of existing facilities.

KEY FINDINGS
Process-Related Issues

Over the past several years, most of Europe has seen a migration in process and
specification. Many countries are transitioning from methods-based specifications,
and are developing and adopting more functional requirements for their
construction materials. Functional specifications are similar to end-result
specifications used in the United States, but tend to incorporate elements of a
performance specification. The objective of a functional specification is to ensure
that the end product was constructed to meet the function for which it was
intended (e.g., the noise level, smoothness, and safety that the public expects or
demands). The use of these specifications and contracting methods has resulted in
the introduction of more innovative materials, since a material that meets the
specified function is deemed acceptable.
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European Union Standardization

The formation of the European Union (EU) has had a profound impact on most
facets of government. By working to eliminate barriers to free trade, the EU has
created opportunities for vendors and owners to move toward standardized
functional specifications rather than conventional prescriptive specifications. To
assist in this effort, the European Committee for Standardization (Comité
Européen de Normalisation, or CEN) was established to coordinate and manage
the specification standards.

While the CEN standardization process is moving forward, it is not without
difficulty. As part of the harmonization process, each member country must debate
the details of its previously independent specifications. In addition to the CEN, the
European Organisation for Technical Approvals (EOTA) provides a common testing
and evaluation forum for products that do not have a standard specification.

Development of the CEN specifications can be contrasted with AASHTO
specifications. While AASHTO has produced guide specifications that States may
opt to adopt or modify, the EU is in the process of combining current specifications
into a common binding specification for use across Europe. It should be noted that
within the CEN, quality classifications allow for varying thresholds and tolerances
on the material test results.

Contract Mechanisms

The Europeans used warranties and performance contracts as part of everyday
practice. The specific elements of these contracts varied, ranging from short-term
(1-to-3 year) materials and workmanship warranties to long-term (more than 30-
year) design-build-finance-operate (DBFO) contracts. While these types of
contracts were common, levels of comfort associated with them varied. Some
agencies appeared more willing to relinquish control because they have seen an
obvious increase in quality, while others appeared more cautious in their adoption.
The same was sometimes true in a given agency, where one division was more
receptive to using warranties, while another was more averse. Another interesting
finding was that each of the countries visited employed a performance-based
component in its contract award process. This, along with other decision-making
criteria, meant that the low bidder on the job was not necessarily the successful
bidder.

While an increase in quality often resulted, innovation through the use of superior
materials was not always realized merely because of a warranty mechanism. Their
use was more common on longer-term warranties in which the contractor had more
latitude in the materials and processes it could use. Where superior materials
were used, it was found that the specifications were much more performance
based. It was also found, however, that some difficulty remains in how to define the
performance standard, including what to measure, how to measure it, and when it
should be measured.
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Independent Product Evaluation and Certification

The scanning team observed a variety of models for product evaluation and
certification. While most countries had well-established systems in place, officials
stressed that European standardization was changing this with the EOTA process
serving as the coordinated organization for considering materials for which no
standard exists.

In the United Kingdom, the Highways Agency (HA) uses an innovative process
termed the Highway Authorities Product Approval Scheme (HAPAS). Administered
under an independent certification agency, the British Board of Agrément (BBA),
the HAPAS process involves working with the private sector to establish functional
specifications to replace conventional method specifications. Existing performance
and quality data for a product classification is gathered from the private sector to
assist in functional specification development.

For certification, a vendor presents its existing product data to the BBA. A formal
evaluation process is initiated that, if successful, results in a BBA certification that
the product meets the quality and performance intent of the specification. In
British terms, the product is deemed “fit for purpose.” Trade secrets such as
constituents and manufacturing details are not released, but instead sealed by the
BBA for use during subsequent quality audits. The HAPAS process appears to be
successful, eliminating the need for routine on-site testing and continual
surveillance for these material categories. It also provides the vendor with
confidentiality as well. Certifications are available to the agency or owner on the
Internet.

Other testing and evaluation organizations include the Building Research
Establishment (BRE) and Transport Research Laboratory (TRL) of the United
Kingdom, Danish Road Institute (DRI), Bundesanstalt fiir StraBenwesen (BASt) of
Germany, and Dienst Weg-en Waterbouwkunde (DWW) and the Information and
Technology Centre for Transport and Infrastructure (CROW) of the Netherlands.
These organizations are prominent, well respected, and trusted in the highway
community. When a vendor desires consideration of a material by an agency or
contractor (e.g., on a warranty job), it many times will seek the approval of one of
these organizations.

Roads to the Future

In the Netherlands, transportation officials presented a novel approach to
exploring long-range solutions for meeting future highway demands. A contest was
held in which a number of highway functional requirements were defined, such as
noise reduction and paving windows. To meet these demands, contractors were
invited to offer solutions, no matter how unconventional. The agency was surprised
by the tremendous response. It selected a small number of contractors for further
evaluation on a highway test section. The contractors tried four techniques,
including options with precast polymer surfaces that were laid down from rolls
(like carpeting). This radical experiment resulted in a paradigm shift from the
traditionally conservative thinking of the Dutch highway industry. Funding for this
effort was equally divided between the agency and the contractors, resulting in
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both shared risk and reward. One of the more notable aspects of this experiment
was the timeframe. The idea went from concept to final placement in 2 years.

Evaluation Techniques

Performance Data

The scanning team found that the highway community in the European countries,
through the use of both accelerated load testing and various forms of field testing,
evaluated superior materials for both properties and performance. The national
testing laboratories with access to the requisite equipment and facilities, especially
for the accelerated testing, commonly used these procedures. Vendors that wished
to evaluate the performance of their product before seeking certification or
specification sometimes initiated the demand for performance testing. Testing
under accelerated loading allowed long-term performance to be assessed in a
limited timeframe. In addition, because the conditions were carefully controlled,
this eliminated much of the inherent uncertainty of a field trial on an active
highway.

Other Test Methods

The various countries visited used a number of unique test methods for evaluating
materials. While many have been used to some degree in the United States, the
scan team believes that consideration should given to a renewed evaluation. These
methods include the following:

e Torque bond test

e Stripe wear

e Automated raveling assessment
¢ Hot-mix asphalt microscopy

¢ Polymer content evaluation

¢ Pulse (active) thermography

Innovative Materials

The European hosts presented a variety of materials to the project team that met
their definition of superior. Like the test methods, a number of these materials
have been introduced in the United States already, but are listed here to highlight
their more widespread use (in some cases) in Europe. The scanning team believes
that some of these materials show promise for U.S. use as the pressure to better
meet the needs and desires of the traveling public begins to dominate the
decisionmaking process. Materials of interest include the following:

e Noise-attenuating pavements, including porous asphalt pavements, twin-layer
asphalt, and Helmholtz resonators

e High-friction surfaces

e Waterproofing orthotropic decks
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¢ Low-temperature asphalt mixes

¢ Semi-flexible asphalt

¢ Composite pavements

* Fiber-reinforced concrete inlays

* Rapid concrete repairs

¢ Dynamic road marking

Other Issues and Considerations

Additional observations include the following:
e Two-course paving

* Noise

* Damage-based taxation

® Video monitoring of weigh-in-motion (WIM) stations
¢ Thaumasite

e External enclosure of bridges

¢ Sustainability

RECOMMENDATIONS
Roads to the Future

In the Netherlands, a novel approach to exploring long-range solutions for meeting
future highway demands impressed the scan team. In a program called “Roads to
the Future,” the government integrated long-term perspectives with short-term
test projects and demonstrations through a cooperative, split-funded effort with
industry. The intent of the program was to examine road surfaces of the future and
to develop demonstrable concepts for tomorrow’s road surface. The agency’s other
goals were to stimulate out-of-the-box thinking in both the agency and Dutch
companies.

Accelerated Pavement Striping Wheel Testing

Because of the expense and logistics associated with field-testing of lane markings
(stripes), Germany has developed a laboratory facility for accelerated lane marking
evaluation. This facility is capable of evaluating tape, temporary paint, and
permanent paint markings, and hot and cold plastic systems.

Innovative Product Development and Material Specification Processes

The scan team identified several key processes worthy of additional examination.
They include the EU, the British HAPAS program, and the French Charter for
Innovation. Each has potential merit for implementation in the United States.
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Functional Maintenance Contracting

The European public roads agencies face many of the same staff and funding
cutbacks experienced by State departments of transportation (DOTSs) in the United
States. In addition, they seek both innovative and cost-effective execution of their
maintenance operations. All four countries visited have experience with functional
(performance-based) maintenance contracts. The United Kingdom is looking at
awarding these contracts solely on quality. The Netherlands is working almost
exclusively with these types of contracts and has moved to the second generation
of specification. In Denmark, municipalities are beginning to use 10-to-15-year
functional contracts for pavement surface renewal and restoration.

Rational Approach to Pavement Surface Design for Noise Abatement

Materials and pavement engineers need guidance on rational approaches to
addressing noise in pavement design, mix design, construction, and maintenance.
This and other scans have identified noise generated in the highway environment
as a problem of significant concern in Europe that requires innovative and
sometimes expensive solutions. While U.S. DOTs have established procedures for
designing and installing noise walls, only a few have addressed noise attributed to
pavement type, material, construction, and maintenance techniques. Several DOTs
are now addressing this problem, using modified pavement surface texturing such
as diamond grinding or longitudinal tine texturing, or modified mixes such as
crumb rubber, stone-matrix asphalt (SMA), or open-graded asphalt friction courses
as noise-attenuating surfaces.

Drivers’ expectations and those of abutters to the highways are different in Europe
than they are in the United States, but with an increasing number of DOT material
and pavement engineers considering noise, a more rational approach to pavement
and mix design is needed to address the issue.

Innovative Products, Specifications, and Test Methods

The scan team identified numerous products, specifications, and tests that the
European countries are using or developing that may be of interest to DOT
engineers in the United States. For a select number of these, we believe that the
logical step is to collect additional European background information. After
reviewing this information and comparing it to U.S. practice, researchers can
identify potential benefits and develop a plan for possible introduction and
evaluation in the United States. Items the team believes show promise include the
following:

e Concrete pavement advancements

e UK. thin surface friction treatments (HAPAS approved)

e External enclosures of bridges

e TU.S. demonstration of pre-fabricated, rolled-out, noise-reducing pavement

e Torque bond test
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CHAPTER ONE
INTRODUCTION

The Federal Highway Administration (FHWA) and the American Association of
State Highway and Transportation Officials (AASHTO) conducted a study under
the International Technology Scanning Program on the topic of superior materials,
advanced test methods, and specifications. The study included visits to four
European nations. During the visits, representatives of the United Kingdom,
Denmark, Germany, and the Netherlands discussed their unique approaches to
introducing, approving, and specifying processes for new materials and
manufactured products employed in highway construction. Issues discussed ranged
from high-level policy issues to specific material evaluation procedures. The visits
proved helpful in meeting the overall objectives of the scan, which will benefit the
highway industry in the United States by identifying how processes for introducing
new and innovative materials and products might be improved.

BACKGROUND

For decades, we in the United States have strived for more efficient and effective
ways of approving and specifying new materials and manufactured products within
the standard highway construction practices of State departments of
transportation (DOTs). Most people in the industry recognize the benefits that can
be gained from recent advancements in commonly used materials, including metals,
concrete, asphalt, coatings, composites, and semiconductor technology.

While many in the U.S. highway industry desire the use of more superior materials,
other industries—including national defense, energy, and to some degree,
commercial construction—have adopted them more rapidly. During the scan, the
team compared highway materials practices in many European nations to those in
the United States. The team found a more rapid and widespread adoption of
superior materials in Europe, with a fewer number of obstacles to limit the
process. The impact that both the European Union (EU) and use of performance
contracting have had on this adoption cannot be overstated.

For the United States to remain competitive, it is necessary to explore not only the
use of more superior materials when constructing the highway infrastructure, but
also more rapid ways to assess and adopt those materials. As a result, the
International Technology Scanning Program, jointly funded by FHWA and AASHTO,
initiated this study to be conducted as part of the fiscal year 2003 program.

SCOPE

The scan focused on the use of superior materials in the highway infrastructure.
For the purposes of the scan, “superior materials” were defined as materials and
manufactured products that do the following:

* Improve performance of the constructed facility significantly.

® Are cost effective from either an initial and/or life-cycle (whole-life) cost
perspective.
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e Improve safety for the traveling public and/or the construction worker.
e Reduce construction time.

Furthermore, projects on which the superior materials can be employed include
the following:

e New construction.
e Reconstruction of existing facilities.
e Rehabilitation, repair, and preservation of existing facilities.

As part of the scan, the team asked the European hosts the following general
questions:

e What do you define as a superior material?
e What is the process for approving these for use?

e How do you validate these materials as being superior after they have been in
use?

e If proof of long-term performance does not exist for the material, what testing
is used in its place?

e How are standard tests developed or adapted for a new material?

o If accepted for use, how is the material routinely tested to assure the required
degree of quality?

The team asked specific amplifying questions, listed in Appendix C, of the various
international hosts. Although not specifically answered, these questions were used
as a guide to draw out the requisite information during dialogue.

EUROPEAN HOSTS

Before the scan trip, research was
conducted to identify countries that
had demonstrated materials and
processes that, if studied further, may
prove useful in improving U.S.
practices. The following table identifies
the specific locations and organizations
the team visited during the study.

Figure 1. The Scan Team in the United
Kingdom.
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Table 1. Countries visited during scanning study.

Location Hosts and Participants Dates
United Kingdom e Highways Agency June 9-10, 2003
(London, England) e Halcrow Group Limited
United Kingdom e Building Research Establishment (BRE) June 10

(Watford, England)

United Kingdom ¢ Transport Research Laboratory (TRL) June 11
(Crowthorne, England) |  British Board of Agrément (BBA)
Tarmac/Anglo Industrial Minerals

Denmark e Vejteknisk Institut/Danish Road Institute (DRI) June 12
(Copenhagen) e [OTCON .

e Colas Danmark A/S

e COWI
Denmark (Herlev) e NCC Roade A/S June 13

e DRI
Denmark (Roksilde) e DRI June 13
Germany e Bundesanstalt fur StraBenwesen (BASH) June 16-17
(Bergisch Gladbach)
The Netherlands e Dienst Weg-en Waterbouwkunde (DWW) June 19
(Delft) ¢ Rijkswaterstaat, Ministerie van Verkeer en

Waterstaat (Ministry of Transport)
* Heijmans

e Delft Technical University

The Netherlands e Ministry of Transport June 20
(Apeldoorn) e Vermeer Infrastructuur BV
e CROW
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GENERAL OBSERVATIONS

This chapter summarizes the presentations that representatives of the European
host countries made during the scanning study. The presentations covered a broad
range of topics and perspectives. From these presentations and subsequent
discussions between the hosts and team members, the team gained further insight
on various aspects of the technologies and philosophies covered.

UNITED KINGDOM

Summary

The following summarizes findings from and comments about the presentations in
which the scanning team participated in the United Kingdom. Scanning team
comments are in italics.

Process-Related Issues
e Highway Authorities Product Approval Scheme concept

- The Highway Authorities Product Approval Scheme (HAPAS) is a means to
approve and certify products by an impartial agency, the British Board of
Agrément (BBA).

- It reportedly works well when the product has a demonstration warranty.
- Rapid implementation is a benefit.

- Can the Highway Innovative Technology Evaluation Center (HITEC) or a
spin-off fill this role?

- How does this program compare to the National Transportation Product
Evaluation Program (NTPEP) and other programs? Can we give the U.S.
programs more clout?

- Is it possible to combine HITEC, NTPEP, and the Applied Process Engineering
Laboratory (APEL) into one body similar to HAPAS? Emphasis could be
placed on shifting responsibility to vendors for product development after
certification by the new body. A minimum 2-year warranty could be placed on
a product, construction system, etc.

- BBA should be involved in implementing this concept to provide information.
e Performance specifications as an incentive

- A good example is the Transport Research Laboratory’s (TRL) demonstration
of its use of cold asphalt recycling, both in situ and ex situ.

e EOTA approval and reciprocity concept

- The European Organization for Technical Approvals (EOTA) requires
agreement among all agencies. Critical to its success is reciprocity of
approvals.
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- A similar effort could be considered among the United States, Canada, and
Mexico (with possible expansion to Central American and some South
American countries). The new organization could set guidelines for product
acceptance based on agreement by all participating countries. It could be
called the North American Organization for Technical Approval (NAOTA) or
North American Technical Organization for Product Approval (NATOPA).

- This concept could be further adopted across State boundaries and
internationally.

* Building Research Establishment third-party approval concept

- The Building Research Establishment (BRE) model may not be applicable in
the United States until several prerequisite elements are in place.

- Considerations must include the relationship with the construction industry
and other public-private relationships.

- BRE appears to be the preferred solution for many “higher science” problems.
¢ Risk-versus-reward for trying innovations

- From the design-build-finance-operate (DBFO) experience, the Highways
Agency (HA) learned it needed to get away from fixed-price contracts to
achieve innovation. Financiers in fixed-price contracts stifled innovation
because of the risks involved, and HA has no incentive to approve a deviation
from the standard.

e Manufacturer process certification

- This process requires the manufacturer to certify the contractor for selected
products. The product may be excellent, but installation is critical.

- This may be more properly termed “manufacturer certification of installer.”

- It would be difficult to translate this directly to the low-bid concept, and
differences need to be identified before the concept could be implemented.

e Existing research data for product support

- A material developer can use research data developed by an approved

laboratory or research institution as part of the 2-year evaluation required
by HAPAS.

Evaluation Techniques

e Torque test

¢ Pulse (active) thermography

¢ Full-scale destructive testing for model calibration

- This involves testing of old structures (bridges) to calibrate and refine bridge
modeling and assessment.
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¢ Non-destructive evaluation (NDE) of corrosion
Innovative Materials

e Composite pavements

¢ NEWPAVE fiber-reinforced concrete inlay

e Thin surface treatments

¢ Fiber-reinforced polymer strengthening

Other Issues and Considerations

e Sustainability considerations balanced with economics

- Lessons can be learned with the increasing use of recycled and reclaimed
products based on economics. Specific factors include disposal costs and total
energy balance, with economics as the driver.

- BRE discussed whole-life costing as it relates to sustainability. We need to
consider all costs. Is trucking fly ash 100 miles an effective environmental
solution? We could develop material environmental sheets that look at the cost
or investment in a product.

- The concept of sustainability using an “eco-points” rating system and protocol
was intriguing. It goes beyond traditional life-cycle cost analysis.

- A previous scan on this topic found that European cost drivers are different.
Sustainability falls under a division in U.S. transportation agencies, while in
Europe pressure exists to integrate it throughout the agency.

e Noise considerations

- How can we apply negative pavement surface texture and noise
considerations to portland cement concrete pavements (PCCP)?

¢ Design-build

- In European pavement design, contractors appear to have more flexibility in
the decisionmaking process. We should gather more information about this
and determine if a similar process can be used in the United States.

- The Europeans include both an analytical consideration (e.g., counting a
stiffer base when designing the surface thickness) and a procedural
consideration (e.g., where the contractor can make the design decisions).

e Contractor quality as a bid criterion

- The performance concept in bid approval and contract awards is one of the
major reasons short-term warrantees work on long-life products.

- When awarding a contract, the Highways Agency puts 70 to 80 percent
weight on quality and performance and 20 to 30 percent on price. The
agency’s intent is to move toward awarding 100 percent quality-based
contracts.
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Warranty and other innovative contracting mechanisms
- They involve coordination of DBFO and maintenance privatization contracts.
Virgin aggregate tax

- The tax is used to preserve this resource and fund research and
implementation of alternate aggregate sources. It helps small companies
with innovative ideas get into the marketplace.

Highways Agency (London)

Introduction

Because of the need for reduced whole-life costs and greater durability, the
Highways Agency is active in exploring new materials.

The core business today is asset management, not new construction.

To be able to maintain minimum control over initial quality, the agency probably
will never go to totally performance-based standards.

Pavement Materials and Specifications

Proprietary materials always have been difficult to specify since they were
believed to give an unfair advantage. The agency recognizes that some
proprietary products offer benefits, but procurement regulations make it
difficult to obtain them.

British standards normally are broadly written and do not give incentives to
newer and better materials, so cheaper materials are usually selected. New
standards are developed with industry participation, but are sometimes
technically driven by these participants.

The Highway Authorities Product Approvals Scheme (HAPAS) is used to assess
new materials for performance specifications.

- The goal is to approve the product without necessarily developing a new
materials standard.

- The Highways Technical Advisory Committee was formed in the BBA to
conduct testing for highway materials.

- Several specialist groups have been established to look at specific materials,
including high-friction materials (used on approaches to intersections), crack
repair systems, thin wearing courses, bituminous binders and modifiers,
repair materials for concrete pavements, color retention after weathering
and wear, and resin-bound colored surfaces.

- Before HAPAS was formed, materials were commonly recipe based, but with
a number of other vendors identifying equivalent materials, a need arose to
evaluate these alternatives.

- The HAPAS process typically costs $45,000 to $60,000 per product.
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e Case study 1: high-friction surfacing

- The original material for high-friction surfacing was used to calibrate the
HAPAS test procedures, since the performance of this material was known.
Test apparatuses were developed to look at various properties, such as
scuffing, wear, bond, skid, texture, adhesion, and freeze-thaw.

- Sometimes it was not known in advance what values to use in the test
procedures. Trial and error was used to refine the tests.

- When a new product comes along, a 2-year field trial is usually performed.
The vendor wants this pre-testing because HAPAS testing is costly and the
vendor will not want to do it unless it knows the product is likely to pass.

- If the new material passes, the specification may change and, in many cases,
be significantly reduced in length.

¢ C(Case study 2: thin wearing course systems

- Noise, a big issue in the United Kingdom, has been identified as a priority by
politicians.

- Porous asphalt friction courses were not robust when first used, but
eventually a specification was developed. At first, it was considered an
expensive and generally high-risk material that did not last long. When the
material began to ravel, it deteriorated quickly.

- A compromise material was sought with both low-noise and durable
characteristics. HA approval was provided only after field proof was
demonstrated on half a dozen projects.

- Since the HA was not set up to evaluate these new materials, the BBA was
used instead.

- Since the BBA has begun certification, the use of thin surfacing has increased
dramatically.

- HAPAS certification includes the approved traffic level for each material,
and a site classification (difficulty of application).

- Sixty percent of all English trunk roads are targeted to be quiet. Concrete is
no longer used as a surface, but continuously reinforced concrete pavement
(CRCP) surfaces for structural support are increasing in popularity. The
concrete paving lobby advocates the use of this composite system.

e All British standards for aggregates will be abolished soon, and the European
standards will be used instead.

e The HA likes the use of performance specifications. Shorter guarantees are
being used, although contractors are not asked to guarantee underlying layers
of the roadway. Some contractors have objected to building on poor substrates
as a result.

e C(Case study 3: high-modulus base.
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- A hard binder was attempted a number of years ago (15 Pen) with premature
failure on three or four out of 20 contracts. As a result, a new test for asphalt
durability was developed (pressure aging vessel with water/autoclave testing
of hot-mix asphalt cores at 85° C, 2.1 megapascals, for 65 hours, which is
believed to equal 8 to 10 years of aging in the presence of moisture).

- Binder is recovered and a master curve developed to compare the impacts of
the aging process.

- It appears that the hard bitumens may be produced differently than in other
countries, which would explain performance differences.

The European standard includes national options.

U.K. officials believe the country may be vulnerable to receiving inferior
materials because the national specification will be less strict than other
countries’ specifications.

Pavement Design and New Materials

Recent problems have led to the need for new solutions. The new procurement
procedure is less prescriptive and more flexible in allowing contractors to use
their own materials.

For pavement structural design, requests have been made to use designs that
lie somewhere between more traditional fully flexible and flexible composite
structures. This requires design procedures beyond those traditionally used by
the HA.

An ongoing project with TRL includes identifying foundation classes and new
formulae.

The resulting procedure will allow the contractor to make the surfacing thinner
if it uses a better support material.

This demonstrates that materials are being considered along with other costs
in an attempt to find the best solution.

Discussion

The HAPAS process has generated more polymer-modified binders, largely as a
result of the durability requirements.

The BBA uses two or three labs for this process, and others can come online if
the demand is there.

The specifications look at key properties in addition to the expected traffic and
other, more performance-based factors.

Independent testing labs do evaluations for warranty work.

On warranty jobs, the properties are measured only if failure occurs before the
end of the warranty period.
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Vendors recognize that their reputations are on the line on proprietary
materials. If a failure occurs in a trial site, the site often is removed and not
reported. It is not until the vendor has success that it seeks HAPAS approval.

HAPAS is tough on quality control. It takes 6 months to a year for HAPAS
certification, depending on the amount of field data submitted.

Typically, contractors acquire pavement design experience by hiring a
consultant from one of about six firms with qualified pavement designers. The
HA also hires a consultant to check pavement design. If the design follows HA
procedures, approval is nearly automatic. If the design deviates, it may require
additional engineering checks before being approved.

Some bridge products have been suspended from HAPAS certification, but no
highway materials.

Given the movement toward normalization, a European technical approval
process will likely replace HAPAS.

The European standards include many tests and levels for material quality.
Countries can choose acceptable levels, and a national application document
outlines the qualifications unique to each country.

Geotechnical Issues

Earthworks, as managed by the HA, includes management of materials, most
highly variable. A wide range of materials is available in the United Kingdom,
although the climate is more consistent than in the United States.

In the 1970s and ‘80s, the specification was largely methods based, an approach
believed to be effective for most materials.

Recently, pressure has been on changing specifications, particularly for more
modular materials.

Questions have been raised about the required level of design (life) required
from the material, and what modes of failure and degradation must be resisted.

Sustainability is another consideration. A typical scenario includes reducing
construction vehicle movements, meaning fewer imports and more local
materials.

A scarcity of high-quality materials has led to pressure on using local materials.

Risk sharing is another consideration, with new forms of contracts shifting
responsibility to contractors. Although methods specifications have been low
risk, they do not necessarily spur innovation. With new contract types, however,
innovation is a consideration.

Whole-life costing has also put more pressure on ensuring long-lasting
materials.

Newer testing equipment, such as the nuclear testing gauge, has allowed for
more rapid assessment of earthwork quality.
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Tradeoffs also are being recognized. For example, the desire for improved ride
quality sometimes conflicts with other targets, such as drainage.

A Web-enabled data management system is used to track design, construction
records, and appraisal of the asset condition. It also will be used for risk
analysis and maintenance prioritization.

Widening of the M2 and the Channel Tunnel is an example of innovative work
in this area. On the M2, a shortage of material existed for constructing the
embankments. The channel tunnel had material, but it did not meet traditional
specifications. The specifications were reviewed and meetings were held to
discuss how the material would be transported and placed. The material was
approved with provisions on its application.

Innovation in Structures

Composites are commonly used for strengthening structures, such as decks,
abutments, and columns. They correct bending deficiencies and, to some degree,
shear.

Bridge strengthening is a new application. To test this application, a trial
bridge was retrofitted with various strengthening materials. At the same time,
testing was conducted at TRL.

Testing the success of a strengthening application traditionally has been done
with crude methods, such as sounding with a hammer, but interest is growing in
exploring more advanced non-destructive evaluation methods.

Preliminary observations have shown some failures. Some are attributable to
poor quality in the manufacture of the composite, rather than an installation
failure.

Glass-reinforced plastic has been used on some lighter structures. The
applications are precast and incorporate some recycled materials (rubber used
as the wearing course of the deck is made from recycled tires). The cost was
higher than more conventional forms of construction.

TRL has tested composite decks using a wheel-loading machine originally
designed for expansion joints.

For concrete application, recent emphasis has been on durability.

Self-consolidating concrete has been used, but technical problems have
occurred. In one case, the material did not go through the alternate procedure
required for materials not covered by the standard specification. In another, a
high column (35 to 40 feet) was poured, based on a change order requested by
the contractor. Placement occurred quickly, resulting in segregation and other
issues. The result was a failure.

Lightweight and recycled aggregates are also being evaluated.

A 120-year design life is used for structures, which limits use of poor-quality
materials.
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Experts are looking for ways to eliminate joints and bearings, which are weak
points in structures.

Catastrophic failures on post-tensioned structures a number of years ago led to
a moratorium, which was lifted after further research. The cause of the failures
was inadequate grouting.

A structures management information system is being developed to inventory
structures in the highways network.

The strengthening program is triggered when a given structure is being
designed. Knowing the current loading and the design code, engineers can
identify a need for strengthening.

Working with industry is important, especially since HA staff is limited.

Superior Materials in Highway Structures

The network includes 9,700 bridges and 16,000 structures.

Assets on the network are valued at about £62 billion (highways and
structures).

External enclosures have been used on some structures to protect them from
the elements, adding 10 to 15 percent to the cost.

Access is provided to the enclosure so the roadway underneath does not need
to be closed during inspection and maintenance.

So far, enclosures have been used only on steel structures. Because of the
enclosure, painting the steel is not always needed.

Some European nations use composites of various steel strengths to make
beams smaller.

Weathering steels also are used for difficult access, but they can cause staining
on the structure and adjoining features.

Whole-life costs are an important consideration, and include a number of
inputs. Whole-life costs are used much more often in identifying the optimum
techniques to use.

Standard design for a bridge deck wearing course is 5 inches of hot-mix asphalt
(HMA). None of the wearing courses on bridge decks under HA control is
concrete. The HA is trying thinner HMA courses, but has yet to achieve good
adhesion with the waterproofing membrane.

Bridge deck waterproofing systems have evolved over time. Some
waterproofing solutions have joints, but spray solutions are preferred.

Chloride ion testing is used to measure and monitor the performance of these
techniques. The process involves penetrating the membrane, running the test,
and then patching the membrane.
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Many newer projects are design-build, but the HA will run a whole-life cost
analysis of the recommended design, comparing it to the original design.

Paint Certification and Quality Assurance

Formulas of all paints used must be reviewed by the HA, which guarantees that
the formulas will remain confidential.

The paint formula is compared to the requirements by testing. If approved, it is
added to the pre-approved database.

In addition to the specification sheet, the manufacturer must submit a
performance history.

HA is shifting the certification process to BBA (HAPAS).

DBFO projects are one source of innovation. The contractor makes a request to
use a new material. If the HA agrees, it shifts responsibility for failure the
contractor.

This process is considered more a recipe specification than a method or
performance specification system. The BBA waterproofing certification is
derived from laboratory testing. The master plan includes the possibility of a
performance requirement.

A mixture of method and performance specifications is now used, but the intent
is to move toward performance specifications in the future.

If a vendor approaches the HA with a new material, first steps typically include
technical dialogue, where the burden of proof is on the vendor to show the
product is beneficial.

Moist cure paint systems are used at night.
Water-based paint systems have not been used.

Generally, warranties have not been used on paint. Some believe that
warranties have little use because if problems arise they are likely to become
legal matters.

Procurement Strategy

HA procurement strategies include procurement of both maintenance and
DBFO contracts.

Before 1990s, procurements with the agencies were ad hoc, on a county-to-
county basis. About 90 agreements were formed. Since then, a formal
procurement strategy has been put in place, and the 90 agreements have been
consolidated to about 20.

Many agreements also transitioned from the local authorities to the private
sector. The result is more customer-oriented goals, less public impact, and
better consideration of costs.
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The roles of management and execution of maintenance are being combined
under a single entity to improve efficiency.

The agency is more involved in assessing performance, but leaves operational
decisions to the contractor. The agency also looks for improvement in
operations over time.

Contract duration is typically 5 base years plus 2-year options for maintenance
contracts. DBFO contracts are typically 30 years plus a 10-year option.

For capital works, design-build contracts are used. Early contractor
involvement is encouraged, including bringing the contractor in at the design
stage to identify potential problems.

To date, nine DBFO contracts have been let for a total of 380 miles at a cost of
£700 million (about 5 percent of the network).

DBFO contracting is nearly a 100 percent risk transfer. An example of the few
risks that the agency retains is archaeological finds.

The DBFO takes responsibility for motor crashes, and the agency is
indemnified. Under the Highways Act, the agency is responsible, but it is
allowed to shift responsibility to a competent party (such as a DBFO). The only
situation in which the agency can be held responsible is if it is found negligent
in the selection of the third party (DBFO entity).

Overall, 96 percent of the work on the network is carried out by the private
sector.

Two new DBFO projects are being let. On these contracts, the DBFO will be
penalized if its activities affect traffic flow, although not if roadway demand
exceeds capacity.

The agency has found that by transferring 100 percent of the risk to the DBFO,
it is difficult to impose future agency strategies on existing contracts. Some
risk, therefore, may be transferred back to the agencies.

An example is a recent policy shift toward minimizing noise. Existing DBFO
contracts were steered toward high durability, with a preference for concrete
pavements. The government now wants asphalt surfaces to minimize noise,
leading to disagreement on how to achieve noise relief while maintaining
durability.

Discussion -

Maintenance includes cyclical activities, such as replacing surfacing and
routine repairs. Major improvements to the network would not qualify.

In old fixed-price contracts, the contractor could recommend additional
improvements during construction, such as better skid or noise control, and the
agency could decide whether it should be done under that contract.
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The 20 procurement agreements require a minimum of five bidders on each
contract. Procurement is made by a notification in the European journal. This
includes invitations to bidders from other countries. The French, for example,
have several contracts.

Reducing the number of contracts is not necessarily beneficial because of the
reduction in government staff. It is better to take advantage of the economies of
scale and strategic partnering.

Where larger contracts are used, it is common for small companies to be bought
out by larger companies. Framework consultants are sometimes used, however,
that employ a number of smaller consultants and contractors.

The new contract types have resulted in introduction of superior materials. The
drive for thin surfacing, for example, came from DBFO contractors.

Contracts usually include network condition requirements, and construction of
the facility must follow the construction specifications in place. A high-speed
van is used for periodic testing for structural distresses, roughness, and skid.

Deflectographs also have been used, but TRL research determined that if a
minimum level of structure is in place, structural deterioration is not a major
consideration, so more emphasis is placed on functional condition. TRL is
looking at traffic speed deflection assessment using a fifth-wheel device being
developed by the Swedish.

Under the first DBFO contracts, trunk maintenance guidelines were used, but
were found to be largely prescriptive. The new DBFO contracts set benchmarks
for specific functional indicators.

For safety, the indicator is the personal injury crash rate. The number of deaths
and seriously injured also may be an indicator. Obtaining this information is
difficult, since it is collected by local police authorities and must be synthesized
by the HA.

Self-certified measurement is used for performance assessment, but audit
requirements exist. Traffic speed and flow are also operated by the DBFO, but
are monitored more closely at regular intervals. The laser vehicle is run
periodically by the DBFO contractor

At the end of the contract, provisions for joint evaluation of the facility provide
an opportunity to learn. Also, a residual life assessment requires that pavement
not have zero life (requiring immediate repair or replacement). No means for
measuring this are specified, though.

The highway agencies do not have a staff to inspect structures, but longer
design life for structures (120 years) is ensured by following the design
standards. A technical review process ensures that the design is done properly.
The HA employs a consultant to ensure that the detailed procedures are
followed.




CHAPTER TWO: GENERAL OBSERVATIONS

e When designers propose innovations, they are reviewed by the HA’s technical
staff. Under a recent overhaul of this process, requests are entered into a
database. HA uses the database to rationalize future requests for acceptance or
denial.

¢ One problem with the process is that little incentive exists for the agency to
accept innovations. Not much credit is given if an innovative design does well.

¢ Many design departures have been to expedite construction rather than save
money.

e If a new material is of interest, the interested party will usually track its
performance. If the performance is found to be acceptable, it can be
incorporated into a standard.

e DBFO contracts include core components and a number of options. The
financiers drive many details since their investment is at risk, and they often
are more conservative than the HA.

e A company that brings in a technology approved in another country has a better
chance of getting it accepted, but it is not guaranteed. This will become less of
an issue when the European codes take effect.

e The approval process continues to be refined. Precedents set by previous
departure decisions are used in the decisionmaking process for future products.
Follow-up is likely to see if technologies have met their claims.

e DBFO contracts must follow the laws of the United Kingdom, but no local or
minority employment requirements are specified.

e In DBFO contracts, many routine activities are set by the contractor rather
than specified by the agency.

¢ In maintenance contracts, the contractor performs safety inspections and
defines defects. If it is a serious defect (Category I), it needs to be repaired as
soon as possible. A less serious defect (Category II) can be corrected within six
months (or longer if the company does a more encompassing repair).

¢ Courtesy boards are used to identify the DBFO operator.

e The agency performs a network needs assessment to allocate funding. As
requests come in from the districts, they are prioritized. Each of three regions
is allocated a portion of the budget, which is then distributed within the region.
Five criteria are used to assess which project to select: safety, economy,
environment, accessibility, and integration.

e About 50 percent of the budget is spent on new construction, but much of it is
network widening and other improvements. Little is for new alignments.

¢ Innovation has vastly improved the condition of the network. It has created a
more strategic view, rather than a fragmented approach by local authorities.
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¢ In the past, the agency gave money to local authorities and had little control

over how it was spent. This may have led to improper, or at least inefficient, use
of the funds.

Building Research Establishment (Watford) |

Introduction

e The Building Research Establishment (BRE) is a national research consultancy "
that performs research on building materials.

¢ Until six years ago, it was wholly a government organization, but after a gradual
separation from direct government control it is now private.

¢ The Foundation for the Built Environment is a non-profit organization owned
by the construction industry that oversees BRE activities.

e The BRE now conducts research, consultancy, and testing of the built
environment.

Figure 2. Meeting with the Building
Research Establishment in the United
Kingdom.

e Six years ago, 90 to 95 percent of funding came from the government, but now it
is about 50 percent. The remainder comes from industry.

e A sister company, BRE Certification, certifies the quality of products for which
no standards exist. It also looks at installation standards. BRE Certification is
separate from BRE to maintain objectivity.

Concrete as a Durable Asset and Superior Material

e By taking a systems approach, an asset can be viewed in stages. For the asset to
meet its intended service life, the materials and design processes must be more
fully understood.

e Service life assessment uses a stochastic approach rather than a deterministic
one, which accounts for known variables.

¢ The process of enhancing service life begins with the owner’s requirements.

17
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e Evaluation techniques are developed to meet a need. For example, ground-
penetrating radar is a commonly used procedure for identifying voids beneath
the road surface.

e Publication of summary documents and technical reports is key to putting
results of studies into practice. Results include services such as identifying
client needs, evaluating the asset, and developing a plan for renewing and
repairing the asset.

e Researchers have used a wide range in the predictions of the various
mechanisms. Selecting a probabilistic approach allows for a more rational
means to account for the variability in the various predictive models.

e It is difficult to select materials for 120-year design life, since the service life of
modern concretes is so short. The best option is to run tests that give some
indication of long life.

Non-Destructive Evaluation of New Corrosion-Protection Systems

e A number of repair paths can be used to achieve intended service life.

¢ Routine maintenance should be conducted at critical times to significantly
extend the life with minimal cost.

¢ Non-destructive testing is a significant benefit when assessing the success of
repairs.

e Active thermography uses a radiant pulse to heat a laminated repair.
Differential heating occurs on bonded (versus unbonded) areas and can be
viewed using infrared video imaging. '

e Active thermography has not been used for determining pavement layer
"~ delamination because the overlays are too thick.

e To get a product considered for certification, such as lithium for alkali-silica
reactivity mitigation, the first step is to approach certification officials. A plan
is then developed to collect the information needed to make an acceptance
decision.

Thaumasite as a Concrete Deterioration Mechanism

¢ Thaumasite is a form of sulfate attack that occurs under special conditions, the
most critical of which is lower temperatures. Most sulfate tests are performed
at warmer temperatures.

e This problem was discovered on M5 as it was being strengthened to
accommodate European lorries.

e Much of the sulfate developed as a result of the construction process. Pyritic
clay was exposed to the air during construction, and the pyrite oxidized into
sulfates.

e Type V cement does not mitigate this problem, but a mixture of 70 percent
ground granulated blast furnace slag and 30 percent cement works well.

18
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Geotechnics

Optimum designs to minimize differential movements (settlements and
swelling) are being studied.

U.K. officials have not used grouting extensively, but they have had great
success with it where they have used it, typically in transition zones between
highways and embankments.

Officials are looking at horizontal grouting techniques, such as grouting
through directional drilling. A PIARC (World Road Association) partner is also
looking where the grout is going using resistivity measurements.

Cone penetration testing has been used extensively for geotechnical evaluation.

Reuse of pile foundations in central London is a challenge experts are trying to
solve.

Officials are interested in smart technology using piezoelectric ceramics
embedded in concrete for stress levels.

Polymer replacements are being used for bentonite clay, but questions have .
arisen about skin friction implications.

Officials are not looking at lime-sulfate reaction since the soils that contain
sulfates are stiff and do not need lime.

The biggest issues they face involve correcting existing structures rather than
preparing new materials.

Ferrosilicate Slag and Other Waste Materials as Superior Materials

The Waste Resources Action Program is a government-funded program to use
more waste materials.

A lot of ferrosilicate slag is available, and experts are looking for solutions on
how to use these waste materials.

The slag contains trace metals that make it an environmental issue.

In concrete, leaching of metals is a consideration, as well as delay in the
concrete set (delay of up to 6 days has been observed).

This project was funded by landfill tax credits.

Environmental Management of the Highway Infrastructure

Many sustainability and environmental performance issues must be balanced
with progress. When a material is studied, its environmental and social aspects
must be considered.

Environmental considerations also must be balanced with economic
considerations.
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e Processes such as cement production have unique impacts that can be
measured and balanced against each other to determine which materials to
employ.

e An addition to the “superior materials” definition could be materials of superior
environmental performance. Not only is the material evaluated with these
criteria, but also construction techniques and other activities during the life
cycle (maintenance and salvage).

e A rational means has been developed to balance several criteria that are
difficult to quantify. The “eco-point” process, a weighting process, was developed
by surveying a range of individuals, including the public, contractors,
environmentalists, and politicians.

e These techniques have been used for a number of civil engineering materials,
including steel, concrete, asphalt.

e Officials have been looking at ways to integrate service life and environmental
impacts.

Discussion

e The goal in establishing priorities on technologies is to improve
competitiveness and sustainability. The staff has the authority to accept or
decline work in any particular area.

¢ Divisions are separate (e.g., geotechnical and concrete), but some crossovers
occur.

¢ Before privatization, the money coming in was not pre-programmed. Now
funding must be bid competitively, although some work is still sole-sourced.

¢ BRE profits go to the non-profit organization that oversees BRE and are
commonly reinvested in projects that make the community better.

Transport Research Laboratory (Crowthorne)

Introduction

e At the Transport Research Laboratory (TRL), emphasis on international work,
including World Bank projects, has increased

¢ (Concrete roads have taken a back seat recently because of noise issues. A 10-
year plan calls for overlaying all concrete roads on the trunk network, starting
with the noisiest pavements. Concrete may be used as a long-life layer down in
the pavement structure. A recently built private road north of Birmingham has
continuously reinforced concrete pavement with a hot-mix asphalt overlay.

Managing Infrastructure Assets

* Once design standards are improved, existing structures need to be assessed to
see if they meet the newer specification.

e In the United Kingdom, the rating is based on the strength of the structure.
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* Sometimes researchers take a full-size beam from an existing structure for
testing, such as beams from structures that failed in the field. They take other
specimens from structures made of materials no longer used (e.g., cast iron and
precast beams made without shear links).

* The goal of testing is to identify factors most significant to failure.

* Some testing has explored the benefits of fiber-reinforced polymer (FRP)
strengthening.

Figure 3. Fiber-reinforced strengthening of
structures in the United Kingdom. (Photo
source: TRL Limited, UK)

e TRL built two half-scale bridges to test them under design loads, not loads seen
in service (which are lower).

* Site tests have been conducted on bridges scheduled for replacement. This type
of testing was routine 10 years ago when budgets were larger, but it is now
uncommon.

¢ The Jack Arch Bridge failed at 3.2 times the load predicted by assessment
techniques used at the time.

* Proof load testing has not been successful since the options are to extrapolate
or load the structure to near failure, causing damage.

® More than half the bridges in the United Kingdom are arch bridges, although
HA links do not have as many because the facilities typically are more modern.

* An improved method of assessing arch bridge behavior was developed by tests
on models.

* A client has asked TRL to assess a proposed repair method, a strengthening
technique that consists of stainless steel reinforcement and pins.

* Another company with a helefix stainless steel reinforcement system found a 60
to 70 percent increase in strength by adding the reinforced repair system.
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Infill decks are common in the United Kingdom. They are designed so that the
precast elements carry the load. If loads increase, however, the cast-in-place
concrete may begin to carry some of the load as well. Researchers are looking at
how the prestressed beam and the fill concrete interact. They are more
concerned about shear than bending moments. In shear failure, the precast
beam fails in a different mode than the fill concrete.

The most common use of FRP in the United Kingdom is for strengthening, and a
standard guide has been developed.

The Barnfield Bridge was built without enough reinforcement by today’s
standard. Application of FRP resulted in 30 percent reduction in stress. A two-
person crew spent four days applying FRP, adding a new layer each day.

For bridge support strengthening, another project was selected, and four
consultants were invited to try their systems.

Officials believe FRP should be compared to more conventional techniques, and
that the costs and the benefits of both should be weighed.

Modular FRP sections have been developed to create decks of a variety of cross
sections. Two footbridges in the U.K. have used this commercial system already.

A heavy-duty system has been developed to carry truck loads. A pultrusion
process is used to manufacture the panels. Fatigue testing has been completed.
An accelerated wheel-testing device was used to test an FRP box section under
repeated loading, and no damage was observed at the end of testing. It took
three months to run the test, representing 30 to 40 years of service life. Small
deck sections were then tested under alternate kinds of fatigue loading.

The goal is test procedures and tolerances that can be codified.

While FRP is more economical for larger structures than small, not many large-
scale applications have been done because people want proof first on smaller
structures.

Whole-life costs pick up on the advantages of FRP.

Strengthening using FRP is more economical than conventional steel plate
methods.

Materials Developments

Although not many concrete roads are being constructed, a few developments
have occurred in this area.

Continuously reinforced concrete pavement (CRCP) with an asphalt surface is
considered one of the most economic alternatives from a whole-life cost
perspective.

A large truck is used to drop the longitudinal and transverse bars (in a mat).

Exposed aggregate concrete is used when the concrete is left exposed to the
traffic. The concrete is brushed 24 to 48 hours at 20° C.
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ECOPAVE is a European effort to study a strong, joint-free system.

NEWPAVE is an inlay treatment of 2 inches of a dual reinforced system using

fibers and conventional reinforcement. The original concept was a 1l-inch layer
with a cocktail of fibers. The NEWPAVE is rolled to develop a distributed
microcracking rather than large working cracks.

Driving forces in the United Kingdom include European harmonization and
sustainability.

New taxes have been enacted to promote sustainability, including landfill taxes
($20 a ton now, and expected to increase) and taxes for new primary aggregates.

New performance specifications are also under development for foundation
layers.

Thin surfacing products (less than 40 millimeters) are also being developed. To
date, 32 thin surfacing products have been approved.

These surfaces have negative textures with flat tops on the aggregates that lead
to lower noise compared to positive textures.

Most mechanistic models do not consider the change in material properties
over time and depth. Modern thicker HMA pavement does not rut in the
underlying layers. Most rutting is in the top layers of the HMA.

Two methods have been developed to test rutting susceptibility and compared
to field rutting measurements.

In the past, a stronger foundation would not lead to a thinner structure. Newer
design procedures must look at the pavement system and the contributions of
each of the layers, including the use of various stabilization methods.

The next generation of design should not include overly exotic testing. Future
versions can begin to use more complex tests once they become more proven
and cost effective.

The Prima, a dynamic plate load system with a single geophone, was
demonstrated. The cost is about US $11,000.

Perspective of BBA/HAPAS

BBA assesses the use of products for a given purpose. It does not develop a
specification around a material, but instead certifies that the material meets
the stated properties.

Litigation against the BBA is low because of indemnification.
The BBA will withdrawal certifications on occasion.

Only a small percentage of BBA certifications are HAPAS certificates.
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e Agrément was started by the French as a means to assist the insurance
industry. Agrément authorities are located throughout Europe, and they work
together.

e In France, an organization similar to HAPAS certifies highway products.

¢ Development of the subject area panels has been easier than expected,
particularly with industry cooperation.

e Materials must now comply with CEN standards or have EOTA approval.

e If many similar products have been issued European technical approvals, then a
CEN standard is warranted.

e In theory, any material can be certified, as long as it meets the technical
specifications.

e It is also important that the material does not change. Auditing of materials is
built in to the process, allowing the BBA to suspend or withdraw a certificate if
quality decreases. The BBA can perform surprise audits and site inspections.

¢ Two years of use is required before a material can be certified. If a vendor has
well-documented data, it can be accepted in lieu of a two-year trial.

¢ One advantage of certification to the buyer is that an independent party has
evaluated the product and deems it acceptable.

e An advantage to the producer is the ability to look more objective in its
promotion of the product.

¢ A warranty is commonly required on the products during installation as well.
Perspective of a Materials Supplier and Contractor (Tarmac/Anglo Industrial Minerals)

e Tarmac/Anglo Industrial Minerals is one of the biggest mineral operations in
the world, but it is important to justify every decision made in the company.
Reasons for new materials include changing customer needs, leading-edge
technology, cost reduction, and increased use of secondary materials.

e Stone matrix asphalt (SMA) gets its resistance to deformation from binder
selection. SMA has resistance though stone-on-stone contact. SMA is commonly
preferred because of its lower cost, expedited construction, reduced spray,
deformation resistance, and noise reduction. A key disadvantage is the need for
large, high-quality aggregates.

e Tarmac uses a proprietary thin surfacing system called Thin-Surfacing
Masterpave®. Masterpave is thinner than Masterflex®, which uses polymer-
modified asphalt instead of a neat asphalt binder. Material cost of these
surfacing materials is higher, but the cost per area is lower because of their
thinness.

® The French introduced high-modulus base technologies several years ago.
HMA’s impermeability, including the high modulus bases and thin surfacing, is
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critical. Sometimes permeability is compromised when going to higher-type
materials.

e A target has been set for 25 percent of all construction aggregates to come from
secondary sources by 2006. This can include non-mineral materials.

e A tax of £1.60 per ton is charged for virgin aggregates. Legislation in the works
would encourage use of secondary materials. The government pays for some
materials to be used (e.g., glass).

e Tarmac is working with TRL to evaluate the use of steel slag under heavy
traffic. The cost of transport limits its use, and the risks are higher because of
the material’s greater variability. Slag users will need a waste management
license, since it is considered a waste product.

e Tarmac acquires secondary materials through its separate recycling business. It
has established relationships with local authorities to get waste materials (e.g.,
concrete curbs), as well as with the steel industry. Blast furnace slag is ground
to make a cement replacement, and steel slag is used as an aggregate.

Cold Recycling (The SMART Project)

¢ The Sustainable Maintenance of Roads Using Recycling Techniques (SMART)
Project follows the Linear Quarry project, which has the objective of reusing all
the materials along the project during reconstruction or resurfacing.

¢ Non-destructive testing devices are used in the field to identify in situ stiffness.

Discussion

e Freeze-thaw issues are not a major consideration because the climate is mild. A
standard frost test exists, and a design consideration is made for no frost-
susceptible materials within a certain depth from the surface.

e When a producer develops a new product, the first step for a contractor is to
ask for literature and supporting data. The contractor may opt to test the
product in-house, but will usually ask for BBA certification instead.

e New materials often are tested on a quarry haul road. Because it involves both
heavy and slow loading, it is a good test of the durability of a material under
accelerated conditions.

e Testing of a product in the contractor’s lab is usually done as a result of an in-
house committee. The board makes the final recommendations on what
products deserve testing

DENMARK

Summary

The following is a summary of findings from Denmark, including commentary on
the observations in italics.
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Process-Related Issues

Warranties

Warranties in Denmark do not appear to be as strong an initiative as in the
United Kingdom. Varying the lengths of warranties for different activities
appears to be working, but there are few contractors (and no “mom-and-pop”
contractors) to work with.

A company with an innovative product is likely to have the most success by
introducing it with the highway agency. No special testing and
documentation is required in this case, but a special agreement is written
that includes a warranty on the performance of the pavement.

Even with use of a warranty contract, the contractor still has to perform to a
minimum specification, and quality assurance activities are still carried out.

A 5-year warranty is used on asphalt resurfacing. The specifications require
extensive quality control by the contractor, with the test results sent to the
agency. The agency occasionally performs random, unannounced testing. The
contractor submits its job mix formula.

In the United States, warranties may be misused. Denmark is still doing
quality assurance testing on warranties. The focus should be on how
warranties may introduce innovation.

Maintenance contracts

In long-term (15-year) maintenance contracts, performance standards are set
by the local municipality, with assistance from a third-party engineering firm
or institutions such as the DRI. Performance measurements are performed
yearly, or as specified by a third party. This system encourages contractor
innovation.

As a result of the bidding process, the municipality pays a fixed amount per
year. Contractor costs must be greater than municipality payments after two-
thirds of the warranty period. Unusual costs are renegotiated as needed.

Life-cycle cost analysis bidding

Bid evaluation is based on the lowest life-cycle cost, with the life defined in
the contract.

Denmark is working on life-cycle cost analysis using HDM-4 software. The
U.S. Department of Transportation is doing the same, and could possibly
coordinate efforts.

The most economical bid has the lowest annual cost, but evaluation needs to
consider the fact that competing contractors may bid different terms.

Reevaluation of existing technology
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- Denmark has been looking at older technology that has posed problems. An
example is lean concrete bases, on which Sweden plans to conduct full-scale
testing.

- Instead of dismissing a product with one or two failures, determine why it
failed, and reuse it if it shows promise.

e Importation of proven technology

- Denmark uses a new technology model similar to one used in some States in
the United States. Technology developed by other countries is often tested
before being used in Denmark, enabling the contractor to import highway
technology rapidly.

Figure 4. Replacing hot-mix asphalt in wheel
paths in Denmark. (Photo source: Danish
Road Institute, Denmark)

e Multi-stage product evaluation process

- A process has been developed for product evaluation and acceptance that
includes testing on the roadway with risk sharing by the owner,
improvements, lab testing, accelerated full-scale testing, field application,
and development of a road standard.

e Real-life test sections ,

- Test sections are used to monitor product performance. Test sections
commonly are monitored at a minimum of yearly.

- Follow-up on test sections is not done as well in the United States.
Evaluation Techniques
e Microscopy

- Thin-section testing might be useful for problem analysis (e.g., adhesion,
aggregate degradation, binder intrusion, mineralogy, special filler types, and
location of microcracks).
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- We might be doing more work in the United States using computed
tomography (CT) scanning.

e Block samples for accelerated rut testing

- The procedure used to get samples directly from the pavement for rut testing is
a technology we could use.

- The box used to take in-place samples from the pavement could have useful
applications, such as collecting samples for other tests in the laboratory.

e (Calibration of PMS model

- A heavy vehicle simulator and test slabs in the field are used to calibrate the
pavement management system (PMS) model.

¢ Reflectance testing

- If reflectance becomes a property of greater interest in the United States, this
test could be adopted.

Innovative Materials
¢ Resin-modified (semi-flexible) asphalt

- A semi-flexible surface such as Densifalt® is an example of a technology that
could be more widely used, but construction skill is needed.

¢ Long-life wearing courses

- Denmark appears to be struggling with a single definition of long-life
pavements.

- Highway officials are conducting an economic evaluation of long-life wearing
courses, and are part of a working group consisting of representatives from
the United States and other countries.

¢ Perpetual bridge decks

- Perpetual bridge decks for orthotropic decks have overlays designed for 20 to
25 years of service.

e Bituminous membrane

- Bituminous membrane may be able to solve environmental issues, especially
in sensitive areas.

e Porous asphalt for noise

- This product has superior noise control, but lacks durability. Recent efforts
focus on documenting the noise and spray of existing surfaces.

Other Issues and Considerations

e Noise
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Noise is a hot topic.

- Creating quieter pavements is a cheaper way to mitigate noise than
insulating buildings or building noise walls.

Danish Road Institute, LOTCON, Colas Danmark A/S, COWI (Copenhagen)

Jointless High-Performance Pavements: Semi-Flexible Approach (LOTCON)

A semi-flexible jointless system includes a porous asphalt skeleton filled with a
cement grout to resist permanent deformation and increase impermeability. It
is rut and fuel resistant. A variety of surface treatments can be used to increase
friction, such as spreading sand on the surface while it is still wet. The
economics is driven largely by the price of concrete, which is high in Denmark.

Traditionally, it has been difficult to get cement grout to penetrate through the
asphalt layer. If voids remain in the HMA, they can create freeze-thaw
problems. In the 1980s, an asphalt and concrete team improved the process,
increasing permeability of the grout into the asphalt layer. When the team
looked at the rheology of the material, it found that without proper viscosity,
the grout could not penetrate the porous asphalt skeleton. Densiphalt has an
optimized viscosity, which allows for full penetration.

The Danish International Airport, which had problems with concrete joint
maintenance, tried Densiphalt on an apron near a jetway in 1998. This was of
interest because the electronic jetway system requires the aircraft and jetway
to park in the same spot each time. Underlying the Densiphalt was a thick
bituminous layer, however, which led to permanent deformation problems
under wheel loading. A forensic evaluation found permanent deformation in
both the bituminous base course and the reclaimed crushed concrete base.

Further optimization of the semi-flexible system came through identification of
a better gradation of the semi-flexible wearing course, as well as use of a
polymer-modified binder in the underlying bituminous layers. Analysis and
design of the semi-flexible system can be done with layers of elastic modeling.
The semi-flexible layer needs to be thick enough to minimize high shearing
forces that can occur in the underlying binder course. As loads increase, the
thickness of the wearing and binder courses must increase, but the base course
can decrease.

Air voids typically are 27 to 28 percent. If the air voids drop below 22 percent, it
can create problems in getting the grout to penetrate. If air voids are higher
than 32 percent, the system will be too rigid and prone to shrinkage cracks. A
continuous high shear mixer is used to mix the grout. Distribution of the grout
can be by hand or by tractor. Workers need expertise with the material to avoid
trapping air in the matrix.

The grout is sensitive to drying, and care should be taken that the asphalt is not
too hot during grouting. In some applications, the asphalt can be laid down in
the morning, and the grouting in the afternoon. The viscosity of the grout is
measured with a funnel to ensure consistency.
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Figure 5. Demonstration of bituminous
membrane application in Denmark. (Photo
source: Colas Danmark A/S, Denmark)

Typical applications include bus lanes and truck standing areas, although it has
had limited use for intersections.

Typical costs depend on the job size (bus lane versus mainline). A life-cycle cost
was not done on the Danish airport job, but other issues included
environmental considerations at the airfield (no penetration of fuel through the
wearing course).

DRI recently tested the material with an accelerated load facility. A specimen of
1.5 square meters was loaded back and forth with a wheel. The specimen was
encased in a steel box, and underlaid with a two-layer rubber support.

Reinforcement was used on a trial section (steel grid), placed between the first
and second lifts within the 160-millimeter Densiphalt. A crack formed on the
border of the steel grid, probably because of the difference in behavior between
the steel grid reinforced section and the surrounding pavements.

The contractor provides a 5-year warranty.

Stabiflex: A Composite Pavement (Colas Danmark A/S)

Stabiflex® is a semi-flexible pavement system imported from France.

The original application method involved vibrating cement grout into
pavement. The newer method uses a vibratory roller.

These surfaces commonly are used for heavy-duty application, including
airports, harbors, and other heavy industrial applications (including flooring).

High-shear mixers are used for grout production.

When high smoothness is required (e.g., floors), the existing surface can be
ground and an epoxy treatment applied.
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This process uses a more thixotropic grout, which requires vibration for
penetration.

Danish Main Road Network Repair Methods

Numerous budget cuts in Denmark have led to fewer technical experts at DRI
Technical expertise now comes from consultants.

Since January 2003, private companies have been allowed to challenge the
government with a proposal to do things cheaper. If found to be valid, the
contract is awarded to the private sector.

Like many agencies, DRI has a budget for pavement repair that is too small to
meet system demands.

Eleven repair methods are considered acceptable on the Danish Main Road
Network. Different contractors perform different repair methods. Some
partnering occurs between the DRI and private maintenance contractors.

Rutting has been a particular problem.

One repair technique is HMA replacement in the wheel paths only. When public
reaction was sought, it was found that people did not notice the repair.

Specifications for maintenance activities are largely prescriptive, although
some maintenance elements are performance based. Resurfacing contracts, for
example, have 5-year warranties.

Three districts now have maintenance contracts. The DRI selects which
facilities will receive maintenance, and what activities will be performed.
Contracts cover not only paving, but also other types of maintenance (mowing,
etc.).

Paving contracts have an extensive quality-control program. For quality
assurance, the DRI visits select jobs to collect test samples quality control data.
A quality control plan that includes a job mix formula is required. On some jobs,
additional testing may be required, but rarely does a contractor conduct tests
beyond quality control requirements.

In Denmark, only 2 kilometers of concrete have an exposed concrete surface. An
additional 10 to 15 kilometers of concrete pavement lies beneath asphalt, but it
will be removed soon. It was constructed jointed without dowels, leading to ride
and skid problems.

Ultra Thin Layer Asphalt Concrete: Novachip Combifalt (Colas Danmark A/S)

An ultra thin layer asphalt concrete known as Novachip® Combifalt was
developed in France in late 1980s. Denmark began using it in the early 1990s,
and since 1995 it has become common. It was introduced on DRI roads in 1998.

The system consists of a thin asphalt layer placed on a thick binder layer.
Different grades are designated by the top-size of the aggregate.
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The purpose of this surface is to seal cracks in the underlying pavement, as well
as to improve smoothness and or skid performance. Light-colored, reflective
aggregates can be imported from Norway for improved nighttime reflection.

An integrated paver is used that includes the emulsion applicator. The HMA is
placed on a thick layer of emulsion. It can also be placed directly on an old
concrete pavement, but only with a prime coat to ensure a good bond. In most of
these cases, joints have reflected through the underlying concrete pavement,
but surface disintegration has been minimal.

About 1.5 million square meters of the material is laid in Denmark a year,
compared to 2.5 million ton of HMA a year.

The CEN will not include a European standard for this material, but EOTA is a
means to get non-standard products such as this used.

It is not known if the CEN standards can be modified slightly for climate and
other considerations in Denmark. The CEN asphalt standard is not expected to
be completed until April 2005.

The DRI often determines whether a new product is more cost effective than
conventional methods. If it is, the DRI can decide that it can be used.

Extrapolated data is often used to determine the life of a product.
Risks are taken more often when using new materials.

For performance warranties, distresses (e.g., rutting) are defined in advance of
the contract. Warranties typically are 5 years for rutting and 1 year for
smoothness. The DRI performs annual surveys on all roadway sections. The
survey used for the pavement management system identifies distresses and
other indicators, and contractors in charge of those sections are notified if their
section is out of tolerance.

When a roadway section is found to be out of tolerance, DRI and the contractor
will negotiate how best to correct the problem. Roads are expected to last 15
years. If the problem is severe enough to require replacement within 5 years,
the agency typically will pay one-third of the cost and the contractor will pay
two-thirds.

The low bid is not necessarily used for bid selection. Instead, life-cycle costing
is used, based on prescribed discount rates and maintenance schedules (related
to the design specifics).

Quality and past performance are not considered formally in the bid, but may
be considered in the negotiation. In some bids, a weighting factor that accounts
for past performance is used.

Since the agency and contractor share repair costs, they share the risk of trying
innovative materials.

Denmark has few contractors, but they are large.
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e The contractor has a bond requirement for warranties, typically 2 percent of the
contract amount. The bonding industry has said that 5 years is about as long as
it will support.

Asphalt Laboratory

e Asphalt samples are taken from paving projects using core rigs. Bulk samples of
the asphalt material are also taken from the asphalt plant.

e An extraction is performed, and the asphalt binder content and gradation are
determined. Penetration and softening point tests are run on the extracted
binder, while Marshall testing is run on the bulk samples. Density tests are
conducted on the cores and air voids are calculated.

¢ Reflection is also measured on the cores. This is a unique specification in
Denmark to ensure that roadway lighting will work as designed. Officials are
working on getting the specification designated as a CEN specification. The
reflection measure is pass or fail. For a while, equipment was used to measure
the reflection of the surface in the field. Lab equipment was later calibrated to
replicate the results of the field-testing.

¢ A typical pavement testing sequence includes the following:

- Day 1—tests on samples of asphalt material, including binder content, water
content, density of aggregate, grading curve, Marshall test, reflection
(lightness) of the wearing course, and recovery of binder.

- Day 2—tests on drill core samples, including height, density, compaction, air
voids, and reflection.

- The agency’s test sample results are compared to the road standards. The
contractor must take daily bulk and core samples, and the agency’s test
samples are compared to the contractor’s samples.

¢ Contract sizes are designed as A, B, or C, which dictates the level of testing.
Category C requires the most testing, including initial and production control.
Categories A and B require less testing and are primarily controls of the
process, such as consumption records of tack coat.

¢ The initial and production control have a schedule of samples that are
collected. Initial control typically involves two samples daily, and production
control is per lot (typically 500 tons). If more than 1,000 tons are produced in a
day, more than two samples are taken.

e Warranty jobs involve specified sanctions. Minimum guarantees are required of
the contractor.

e In the United States, it is believed that if the agency tests during a warranty
job, it implicitly assumes some of the risk. In Denmark, it has worked to date,
but it may be a problem in the future
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OECD Research Project: Economic Evaluation of Long-Life Wearing Courses

The Organisation for Economic Cooperation and Development (OECD) is
conducting a study of materials and processes that can be used to extend the
life of roadway wearing courses to 20 to 40 years. The national road research
laboratories of the various member countries are participating, including
Denmark.

Other projects, such the European Study on Long-Life Pavements, are looking
at the base and the pavement structure as a whole.

Participants in a recent workshop concluded that although many materials are
available, logistical challenges remain, including labor demands and equipment.
The toxicity of many materials also creates environmental issues. Both the
benefits and costs of alternatives need to be evaluated.

Synthetic binders have been used on Danish bridge decks for some time, but for
low- traffic facilities only. They are now being used on facilities carrying heavier
traffic.

Semi-flexible options also are being used on bridge decks.

All of these options are labor intensive, and the initial cost generally is three to
10 times more expensive than an asphalt-wearing course.

Whole-life costing on the OECD project is being conducted with UK. model. In
Denmark, the ministry determines the discount rate. For awhile, it was set at 7
percent, while it is 3 to 5 percent in the United States.

A big consideration is the recyclability of the material. Energy consumption
from the various options also needs to be considered.

Both the Forum of European Highway Research Laboratories and the Western
European Road Directors are trying to define “long-life pavement.” Current
thinking is that the definition should include a range of years during which no
maintenance is required.

Common European definitions are difficult to develop because of language
barriers and cultural differences.

Surfacing of Steel Bridge Decks

A recent effort included the identification of a 20-to-25-year surfacing for steel
bridge decks. It is known that rutting and sliding are key distress types, so a
hard and stable surface was sought to minimize this. A friction course is also
required to provide adequate friction.

Since shear stresses can be high, a sound bond was needed between the steel
deck and surfacing. The mastic is laid at 240° C, and consists of 18 percent
bitumen (85 Pen) and 82 percent limestone (less than 2 millimeters). Any
entrapped voids in the mastic would be repaired.
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The binder course must resist rutting and be able to release stresses between
the wearing course and the steel deck. Bitumen in mastic asphalt is 7 percent
(by weight) and 25 percent limestone filler.

Samples are taken during construction for quality control tests, including the
ring and ball indication, ultimate penetration strength, and density.

In 1998, after 28 years of service, the surface of the Lillebaelt Bridge was
removed and replaced. Before the surface was removed, the mastic layer was
investigated to determine if it had enough remaining life to support the new
surface course for at least 15 years. Conventional milling equipment was used.
Where underlying layers were damaged, a full-depth reconstruction was
performed.

On other bridges, performance has been fair to good. Rutting (in some cases 10
to 20 millimeters) is one distress that has been observed. The agency considers
20 millimeters a safety hazard that warrants corrective action, and 10
millimeters a standard for contractors on warranty jobs.

An investigation is underway on the use of low-strength lean concrete to
eliminate reflective cracking.

Lean concrete has been banned in Denmark for almost 20 years because of
reflective cracks. PCCP is not used and is not likely to be used in the near
future. Use of salt is one reason, but past performance is the primary
consideration.

On some sections of M3 (the circumferential road around Copenhagen), the
existing lean concrete base (LCB) has resulted in an extended life of the
wearing course.

In future construction, competition is expected since asphalt and cement are
both candidate materials for use in the base course. In preparation for an
upcoming bid, modeling and testing of LCB materials will be conducted. An
incremental recursive model is used to model deterioration of LCB for decrease
of stiffness.

A new Danish simulation-based design standard will incorporate these new
models. An English version of the program may also be published.

To validate the response of the new material, heavy vehicle simulator testing
will be conducted in Sweden (Denmark does not have a testing apparatus).

This is an example of how a material could be accepted for a project after
sufficient data has been collected.

Noise is an increasingly important issue in Denmark. It has been found that the
cheapest way to mitigate noise is to alter the pavement type. Porous asphalt
concrete is one of the best solutions.
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A self-cleaning effect occurs at higher speeds, but at lower speeds (like center
city streets), this does not happen.

A set of test sections was constructed in Copenhagen to try different
techniques. The alternatives include designs with binder contents ranging from
3.9 to 6.3 percent, and top sizes ranging from 2 to 5 millimeters to 16 to 22
millimeters.

Two-layer porous asphalt includes a fine surface and a course base mix. A
protective membrane is applied to minimize penetration into the underlying
layers.

One problem with most conventional porous asphalt is that fine material
migrates into the underlying parts of the layer, clogging it. By having a finer
gradation at the top, any trapped fines can be blown out occasionally with
water.

Figure 6. Innovative hot-mix asphalt plant in
Denmark.

Care must be taken not to let material collect at the gutter line, or clogging will
proceed from the edge of the road toward the centerline. A special edge drain
system has been developed to channel water away from the edge into the
drains.

What initiated the need was a policy decision to reduce the noise in apartments
along city streets.

About a 5-decibel (dB) decrease in noise is observed with the new systems in
place, but after one year the noise-reducing effect tends to decrease because of
partial clogging.

This technology has been imported from the Dutch. As long as the material is
kept clean, it appears to work. It becomes increasingly difficult over time to
clean it, however, and almost impossible to do so after 6 years. Maintenance
people do not like this pavement type because it is difficult to maintain.
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The next step is to find a longer-life surface that will reduce noise. Easier-to-
maintain alternatives may exist, even if they do not reduce noise as much as 5

dB.

Officials expect that over time, the noise levels of the various methods will be
validated. Most are now being modeled.

Bituminous Membranes in Road Construction (Colas Danmark A/S)

Bituminous membranes are being used in road construction for the protection
of groundwater facilities.

The product is manufactured by combining bitumen with various synthetic
plastics (geotextiles).

In the past, the membranes were manufactured in situ by hot-spraying bitumen
on top of a plastic mat or grid. This led to a non-uniform product, making some
areas susceptible to leakage.

The membranes are welded in the field by applying heat. The quality of the
weld is checked with non-destructive evaluation methods.

At a site in Ireland, 200,000 square meters of membrane was used to develop a
pond protecting the groundwater in case of a spill. It involved 90,000 meters of
welding, all quality checked.

A project is being planned in Denmark that includes fly ash. A membrane is
being recommended on the embankment to protect the groundwater.

In areas where impervious clays are not readily available, membranes are more
cost effective.

In the past 25 years, Europe has used more than 7 million square meters of this
product.

NCC Roade A/S (Herlev)
Introduction

The NCC Roade A/S asphalt plant started production in 1987 and has produced
2 million tons so far, 120,000 to 130,000 ton per year.

To keep the dust down, the materials are kept in silos. The silos added DKK 7
million to the cost of the plant.

Natural gas is used for fuel for the burner, which also is set up for oil. Once
dried, the heated materials are screened and placed into 17 insulated silos
containing heaters. Nine silos are set up for more complicated mixes.

More than 200 different HMA recipes are available at the plant. The mix design
is changed 50 to 60 times during the day. Many orders are small (less than 500-
kilogram loads).

In some cases, the mixer needs to be cleaned between batches.
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Most of the raw materials are located about an hour’s drive away. Eighty
percent of the materials are local and 20 percent are from Sweden.

The hot mix typically is held in the silos for 24 hours. In some cases, it is held
less than hour. Open-graded and/or polymer-modified mixtures can be stored
only a few hours.

The plant can serve about a 100-kilometer radius (about 1 hour of haul time).

The ring and ball (R&B) temperature is in the specifications. The R&B
temperature from the binder on the road and the virgin binder is 6° C.

In addition to manufacturing HMA, NCC has 16 paving crews.

Cores are used most commonly for thickness and density. The specifications
establish how often testing is required, but they normally do more than the
minimum.

Ten to 15 municipalities use material from the facility. Between 300 and 400
kilometers of roads are common in some of these municipalities. The recipe for
a job is selected by asking the client what the application is and how it will be
applied.

Financing and Building in Municipalities

Customers prefer to spend a fixed amount per year, which can be represented
as a stair step on cost versus time from 0 to 15 years. The alternative is to spend
a lot in year 1, and do maintenance after that. The delta investment from the
stair step to the large initial outlay can be a problem.

Financing roadways using warranties is difficult because bankers believe that if
the company goes bankrupt, it will not be able to recover its investment by
taking over the facility, as it can with real estate.

Another risk is premature failure, which could require a major reconstruction
or rehabilitation. Rutting, for example, has increased significantly in recent
years because of a switch to super single tires. Heavier axle loads also are
permitted.

Understanding how materials perform in the field is critical to proper financing
and investment. Innovative materials that demonstrate longer (and predictable)
performance are beneficial.

The DRI certifies the material, establishing a control program to check the
performance of the material in place. NCC and the DRI do this in a cooperative
manner.

Other vendors compete against the NCC/DRI maintenance and control package,
but the DRI is employed by the Ministry of Transport to help develop
standards. If they come up with something new, it will be considered in the
investment decision.
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The DRI proposes to come in and assist in evaluating the final product,
demonstrating to the municipality that the quality promised is actually
delivered.

In some cases, one asphalt contractor is hired to evaluate the work of another
asphalt contractor.

Danish Road Institute (Roksilde)
Introduction

The DRI has been cut from 110 to 67 employees. One third of DRI income comes
from consulting, which occasionally creates problems when DRI competes
against private firms.

If a material is developed with public money, the intellectual property is owned
by the public. If it is developed for private industry under contract, the rights
stay with the sponsoring firm.

A specification is written on what a material should do, and vendors try to meet
that. In many cases, the specification may be based on an existing pavement.

Microscopy Evaluation of Asphalt Mixtures

Thin section and plane section are two methods of microscopy for evaluating
asphalt mixtures. This technology was first demonstrated in the United States
under the Strategic Highway Research Program (SHRP).

Samples are prepared under vacuum with an impregnated epoxy resin that
contains a fluorescent dye. A plane section is cut from the impregnated material
and polished before being examined in an automatic image analysis instrument.
A thin section is a cut, ground, and polished section about 30 by 40 millimeters
and 20 mm thick.

Plane sections are used primarily for void content.
Stripping can be found using thin sections.
Adhesion between aggregate and binder is readily detectible.

Also detectable is whether the polymer phase has separated from the binder/
filler phase and whether the polymer has migrated to the aggregate boundary
or remains disbursed.

Accelerated Load Testing

The Danish facility gave a presentation on rut testing of block samples during
the International Society for Asphalt Pavements conference in Copenhagen (see
“Selection of Pavement Maintenance by use of Accelerated Load Testing,” by
Carsten B. Nielsen, Jeanne Rosenberg, and Jgrn Raaberg, International Society
for Asphalt Pavements, Ninth International Conference on Asphalt Pavements.
Volume II Proceedings: ISBN 87-91177-15-4, 2: 3-1).
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e A linear extrapolation is made from the rut curve generated by the accelerated
load testing facility. This allows for prediction of failure without having to load
to that level. A typical failure criterion is 15 millimeters.

Figure 7. Block samples for accelerated
loading facility testing in Denmark.

A log-normal distribution is used in risk assessment (number of loads to
failure).

Typical costs for testing of three samples is EUR 10,000 to EUR 15,000.

GERMANY

Summary

The following is a summary of findings from Germany with commentary on the
observations in italics.

Process-Related Issues
e European Union standardization

- EU standardization has had an adverse impact on innovation by
complicating and delaying it.

- Even though the EU has opened up the market for new products, Germany
does not necessarily plan to use them.

- The EU standards have various levels of specifications that can accept a
wider range of materials, but no mechanism exists for member countries to
add or subtract test procedures.

- One way around the new standards is to use unique materials with no
standards. A good example is reflective sheeting. With no European standard,
Germany was able to develop its own standard.
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- The impact of the EU should be studied in more detail, including how it works
and how a similar system could affect business between the United States and
bordering nations.

- A specification does not force a buyer to buy a product, but it can provide a
more consistent product. Knowing that a product has received approval from
an authoritative body has value.

Figure 8. Accelerated loading facility in
Germany.

- NTPEP could be modified to accommodate this concept, perhaps by combining
the systems of NTPEP, HITEC, and APEL. A central organization might be
able to coordinate with the EOTA.

e Warranties

- The use of 4-year performance warranties is in line with the United Kingdom
and Denmark. The difference in Germany is the use of method specifications.
The Germans also appear to have little confidence in the long-term
performance of warranted work without considerable testing.

- The warranty looked at only at the beginning and the end. Many believe that if
a product lasts 4-to-5 years, it is sufficient.

e FGSV research organization

- The Road Transport and Research Association (FGSV) serves as both a
research and standard-setting organization, including industry, academia,
and government.

- Getting a product used requires going through either FGSV or BASt.
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- FGSV can be considered a cross between ASTM and TRB. Another parallel is
the Superpave expert task group system, which employs the expertise from
several bodies.

e User costs

- Driving forces for innovation include worker safety, environmental (noise)
issues, and quality, but not user costs.

e TFederal-versus-local control

- Germany has more federal control than the United States, but locals can buy
what they want. While the local entity does not have to follow federal direction,
it generally does. Vendors that bypass the federal government probably will
not do as well.

e Equipment innovations

- Equipment manufacturers appear to be willing to take risks with new
equipment, but it takes time to get a technology in place. Performance
specifications should provide the incentive to use more innovative equipment.

- Much innovative equipment comes from overseas. It is possible that innovation
will come from a push for an agency need (e.g., ride quality leading to better
profilers).

¢ Field trials
- It is difficult for a vendor to get permission to use an unproven product.

- Denmark appears to willing to try anything, while Germany appears more
conservative.

Evaluation Techniques
e Stripe wear simulator

- The BASt wear simulator for paint and other traffic stripe testing is also
known as RPA=Rundlaufprufanlage.

- The way NTPEP d