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executive summary

ince 2010, FEHRL has been organising scanning tours of the USA. Each of these tours has
been developed in cooperation with the Federal Highway Administration (FHWA) TurnerFairbank Highway Research Centre (TFHRC), which represents USA in FEHRL. The tours
are intended to bring about the exchange of knowledge and partnership building between US
organisations and the participating members of FEHRL. Previous tours have comprised teams from
Europe, Israel, South Africa and Australia as well as the USA itself. These teams have also included
experts from FEHRL institutes, as well as road directorate experts from the Conference of European
Road Directors (CEDR).

S

In the current economic climate, National Road Authorities (NRAs) are under increasing pressure
to deliver and maintain their networks with reducing budgets. It is therefore essential that the
maximum use is made of innovation both in the roads sector and transferred from other sectors to assist in the management of the network. However, new innovations are often not fully
exploited because of the barriers to adoption. Therefore it is not sufficient to simply identify new
innovations but this must be accompanied by a drive to identify and overcome the barriers to
implementation.
The 2013 FEHRL US scanning tour was performed in order to provide an overview of research being
conducted in the US and to find potential synergies between US conducted research and the needs
of the Infravation programme (www.infravation.net). As part of the scanning tour, a FEHRL delegation composed of 17 members from 13 FEHRL member institutes visited FHWA Turner-Fairbanks,
The Virginia Center for Transportation Innovation and Research, The Virginia Tech Center for Sustainable Transportation Infrastructure, and Caltrans in Oakland, California.
The scanning tour illustrated that many of the issues that North America faces are similar to
those of other FEHRL member countries. For these reasons, increasing collaboration between the
continents seems only natural.
The authors of this report recommend that the future Infravation programme try to capitalise
on the stated objectives of the Infravation programme, as well as the work already conducted in
the US. Specifically, the Every Day Counts (EDC) initiative appears to have identified a number of
technologies that are mature and ready for implementation. The specific topics that have firm
footing in both the Infravation goals and EDC initiative are:
● Intelligent compaction
● Multi-dimensional construction modelling for highway infrastructure
● Accelerated bridge construction
● Geosynthetic reinforced soil (GRS) bridge substructure
● Warm mix asphalt
Other topics that are not directly covered by the EDC initiative, but that are relevant to the Infravation topics proposed include the following:
● Pavement LCA including the use and maintenance phase
● Pavement recycling
● Robotic assisted bridge inspection tool (RABIT)
● Structural evaluation of pavements at network level
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History
ince 2010, FEHRL has been organising scanning tours of the USA. Each of these tours has been developed in cooperation with FHWA’s Turner-Fairbank Highway Research Centre, which represents USA in
FEHRL. The tours are intended to bring about the exchange of knowledge and partnership building
between US organisations and the participating members of FEHRL. Previous tours have comprised teams from
Europe, Israel, South Africa and Australia as well as the USA itself. These teams have also included experts from
FEHRL institutes, as well as road directorate experts from the Conference of European Road Directors (CEDR).

S

Since 2012, the focus of the tour series has been on aspects of the Forever Open Road programme (www.foreveropenroad.eu). In 2012, the subject was adaptation to climate change. The 2013 tour was focused on advanced and innovative construction and maintenance (part of the Adaptable Road element), whereas the 2014
tour will concentrate on the Automated Road, which will consider the use of intelligence and sensors systems in
road (and transport) infrastructure.
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Scanning tour schedule
he US scanning tour took place from 4-11th May 2013 for 17 members from 13 FEHRL member institutes
who visited FHWA Turner-Fairbanks, The Virginia Center for Transportation Innovation and Research
(VCTIR), The Virginia Tech Center for Sustainable Transportation Infrastructure (CSTI), and Caltrans in
Oakland, California. More details can be found in Appendix A but below is the outline schedule:

T

4th-5thMay: Arrival of the FEHRL delegates in Washington DC and Team Meeting
6th May: Visit to FHWA Turner-Fairbank Highway Research Center with presentations by Michael Trentacoste and
Debra Elston, Steve Phillips and David Kuehn (infravation), Jorge Pagan (FHWA Infrastructure Research and Technology Overview). The visit also included sessions on:
● Design and Construction: Every Day Counts 2 by Bryan Cawley, Accelerated Bridge Construction by Ben
Graybeal;Geosynthetic Reinforced Soil Bridge Substructure by Mike Adams; and Supplementary and Alternative Cementitious materials by Richard Meininger.
● Maintenance: Small Culvert Inspection System and Characterization of Bridge Foundation, including foundation reuse by Frank Jalinoos; Robotic Assisted Bridge Inspection ToolTM, RABIT by Hamid Ghasemi; SHRP2 by
Ken Jacoby
● Exploratory Advanced Researchby David Kuehn, including:
●	Nondestructive Condition Assessment of Decommissioned Prestressed Concrete Bridge Girders, Overview
		 by Rob Zobel
● Geosynthetic Reinforced Soil Piers Instrumentation by Mike Adams
● Laboratory Tours by Jorge Pagan, including Geotech by Mike Adams, Pavement/Chemistry, Structures by
FasilBeshah and Hydraulics
7th May: Visit to VCTIR, hosted by Gerardo Flintsch, Associate Professor of Civil and Environmental Engineering.
Included overview by J .Gomez, Director, VCTIR and various technical presentations.
8th May: Visit to Virginia Tech CSTI, including the Structures and Materials Lab, the Smart Road and VTTI and the
following technical presentations:
● Surface Properties Pooled Fund (G. Flintsch, VTTI)
● Sustainable Pavement Management (J. Bryce, VTTI)
● Structural Evaluation (SHRP 3 R06(F) and Structural Index) (S. Katicha, VTTI)
● Pavement Preservation (E. de Leon, VTTI)
● Friction Management (E. de Leon, VTTI)
● Modeling of Splash and Spray (G. Flintsch, VTTI)
9-10th May: Visit to Caltrans, including:
● Welcome - Introductions & Purpose of the Meeting - Bijan Sartipi, District Director
● LiDAR Laser Scanning / Virtual Design and Construction: Applications for Construction,
Maintenance & Operations - Nelson Aguilar, Office Chief, Right of Way Field Survey Services
● Public Private Partnerships - Kristina Assouri, Deputy Attorney, Caltrans Legal
● Advances & Innovation Highway Construction & Maintenance + discussion- Caltrans Division
of Research, Innovation and System Information (DRISI) and FEHRL (tbn)
● Field Review of an Ongoing Caltrans Construction Project - Construction Division

8
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Background to Advanced
and Innovative Construction
and Maintenance
eveloped countries need to redefine their transport system for the 21st century. Performance and costefficiency of the system need to be improved by an order of magnitude to meet future challenges. This
means there is an urgent need for effective innovations for all components of the system; including vehicles, infrastructure, logistics etc.

D

Transport ministries are facing ever tougher challenges to cope with the need to accommodate increased traffic
growth, minimise congestion, maintain services in the face of increasing climate change effects, as well as deliver
on environmental and societal objectives.

Forever Open Road Programme
EHRL has initiated the Forever Open Road programme as the core of its fifth Strategic European Road
Research Programme (SERRP V). Forever Open Road works towards developing a next generation of advanced and affordable roads that can be adopted both for maintaining the existing network and new
construction. This will enable future road operators to adopt emerging innovation, whilst overcoming the increasing
constraints on capacity, sustainability, reliability and integration. The overall aim is to facilitate future mobility needs
of our 21st century society.

F

The next generation of roads will require high levels of adaptation, automation and resilience. These three elements will define the next generation of road as follows:
● The Adaptable Road: focusing on ways to allow road operators to respond in a flexible manner
to changes in road users demands and constraints
● The Automated Road: focusing on the full integration of intelligent communication technology (ICT)
applications between the user, the vehicle, traffic management services and the road operations
● The Resilient Road: focusing on ensuring service levels are maintained under extreme weather conditions
The aim of the Adaptable Road element is to provide a set of cost effective and innovative methods to design,
construct and maintain roads, which implies a re-think of how roads are built, including the use of prefabricated,
upgradeable pavement structures with long-life characteristics that are capable of incorporating removable and
changeable infrastructure services and accommodating new forms of powered vehicles and guidance systems.
Key aspects of this element will include:
● Developing new forms of road construction, such as prefabrication
with integrated service provision to reduce whole life costs
● An integrated manufacturing process control
● Provisions to enable fast and effective maintenance to reduce delays
● Using automated methods of on-road maintenance and traffic control to improve safety
● Integrated sensors and systems to measure and monitor road condition and performance
● Using products that self-repair and clean roads to reduce costs and environmental impact
● Developing flexible drainage systems to cope with storms
● Building and maintaining using low carbon and low energy materials and processes
The Adaptable Road will be the key to making the concept work, supporting the Automated Road and Resilient
Road elements.

9

Link between Scanning tour
and Infravation
his is the time when innovation for road infrastructure is an absolute imperative, to reduce costs without
compromising on quality. To deliver this objective, FEHRL is working with road directorates from 11 countries to deliver aspects of FOR through a transnationally funded research programme called Infravation
(www.infravation.net). This programme will enable national and regional bodies to take on tasks collectively that otherwise could not be taken forward and address the needs of member states for joint research on road infrastructure.
The funding for the programme will be based on a common pot enabling the best expertise to be used, regardless
of nationality and thereby minimising programme management to allow the maximum use of resources for pannational research cooperation.

T

The topic of the Infravation call in 2014 will be ‘Advanced Systems, Materials and Techniques’ for road infrastructure. For design, inspection and monitoring, advanced systems could include breakthrough sensing and analysis
technologies, including ‘manu-services’. The call will include the development of advanced and novel materials
based on nano-technology, biomimicry etc. In the case of techniques for construction and maintenance, aspects
such as advanced robotics could be developed. The call is for the development of advanced market-ready products and services for road operations, either on the European, national, regional or urban network.
To deliver the full benefits of research and development activities carried out in the transport infrastructure sectors, a greater coordination between the different programmes is needed. For the Infravation 2014 call, this
focuses on trans-national research projects with outcomes ripe to be tested practically. Grants to the budget of
partners from industry, research organisations and administrations will accelerate and support the implementation of innovative developments.
In the medium- and longer-term, the objective of Infravation is to improve the coordination between existing programmes by enhancing the appropriate definition of research priorities and their allocation to relevant
funding regimes; to supplement the existing funding models to improve cooperation between European member states, the European Commission (EC) and international parties such as the US’s FHWA; and to improve
the coordination between the dissemination activities of the different programmes to bring together relevant
results and avoid duplication.
Prior to the finalisation of the Infravation call for proposals, the programme is engaging in an extensive review of
innovations, the state-of-the-art in advanced materials and processes as well as the challenges for implementation.
The US scanning tour will provide relevant input to inform the scoping study being undertaken by the Infravation
partnership.

10
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Infravation
Background
n the current economic climate, NRAs are under increasing pressure to deliver and maintain their networks with reduced budgets. It is therefore essential that the maximum use is made of innovation both
in the roads sector and transferred from other sectors to assist in the management of the network.
However, new innovations are often not fully exploited because of the barriers to innovation. Therefore, it is not
sufficient to simply identify new innovations, but this must be accompanied by a drive to identify and overcome
the barriers to implementation.

i

Many innovative technologies are under development in laboratories around the world. Sometimes claims are
made about how these technologies can bring about enormous benefits. In other cases, the possible consequences for road construction and maintenance have not been assessed. Admittedly, it is difficult to fully assess
the possible impacts of really innovative techniques. For example, it might not have been possible to determine
during the early development of the laser the impact it would have had on road pavement monitoring. However,
it is fair to say that with some of the first applications in the field of meteorology, it could have been predicted.
Even once lasers were identified for road monitoring use, it took many years of development before the systems
were robust and cheap enough for application outside the laboratory.Infravation encourages the examination of
all emerging technologies and , with the use of experts who have been involved in bringing previous innovations
forward, the projects examine how to fast-track promising innovations through to application.
Some examples of developments that might be examined include: nanotechnology, self-healing materials, robotics, bio-mimicry, artificial neural networks and advanced information and communication technologies (ICT).
The application of advanced ICT offers considerable advantages in the green and safe construction and maintenance of infrastructure. So-called Building Information Modelling (BIM) is already making an impact in the construction sector. Advanced multi-dimension modelling systems can be used to plan and monitor all the stages of
building works, including the phasing and scheduling of each section. This is claimed to assist in factory prefabrication (with higher quality control process), support the greater use of automation and robotic in construction.
Both Health and Safety and productivity can be better ensured under stressful or adverse condition through
techniques such as augmented-reality assistance for workers. Finally, the end user receives detailed specifications
of all the construction history (including deviations) to support the management of the asset.

Focus areas for Infravation
●
●
●
●

Eco-design; resource and energy efficiency in road construction and maintenance
Virgin material reduction by substitution or recycling
Enhanced durability and life-time extension
Rapid and non-destructive methods for routine quality and performance checks
of materials and construction
● Keeping freight routes open through zero-intrusive maintenance
● Ensuring infrastructure performance under all weather conditions
● Advanced predictive infrastructure performance processes
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Review of Infravation
relevant technologies
Eco-design
Warm Mix Asphalt: Research to Implementation1

he Virginia Department of Transportation (VDOT)is currently evaluating the scientific merits of using
Warm Mix Asphalt (WMA), as well as the implementation of the technology.WMA is a technology that
allows the compaction temperature of asphalt pavements to be significantly reduced below those of
hot mix asphalt. WMA technologies include foaming techniques, chemical modifiers, and wax modifiers. As seen
in Figure 1, the immediate effects of using WMA technology were clearly seen when the technology was implemented in the field due to the reduced emissions during compaction.

T

A

B

Figure 1: Pavement compaction (a) without and (b) with WMA technology1
Depending upon the perspective, WMA technology provides various benefits. Table 1 provides a summary of the
benefits of using WMA technology depending on the user’s perspective.
Table 1: Benefits of using WMA technology seen from the owner and contractor perspective

VDOT (Owner)

Contractor

Improved field compaction and density

Fuel savings

Longer material life

Increased workability

Reduced emissions

Longer paving season

Longer paving season

Larger market area

Lower material costs
Increased competition
Diefenderfer, S. “Warm Mix Asphalt: Research to Implementation”. Presentation held at Virginia Center for Transportation Innovation
and Research. May 7th, 2013.

1
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Potential concerns with the technology include moisture susceptibility of the asphalt mix, as well as long term
performance. However, nationally there have been no reports of failures due to the use of WMA materials. In the
instances of failure, this has been due to poor construction practice. Moreover, emphasis was put on the fact
that WMA is a tool that can produce pavements that are equivalent or better than conventional hot mix asphalt.
However, WMA will not compensate for poor material quality and construction practices.

Virginia “Quieter” Pavements Implementation Program2

The Code of Virginia § 33.1-223.2:21 directs the Virginia Department of Transportation to:
“Expedite the development of quiet pavement (QP) technologies such that applicable contract solicitations include
specs for QP technology if sound mitigation is a consideration.”
To expedite the implementation of this code, the VDOT will construct demonstration projects to assess quiet
pavement technologies (Figure 2). Additionally, these projects will be evaluated with respect to functionality and
safety in Virginia’s climate over two full winters.
Generally speaking, quiet pavements are wearing surfaces that minimise tyre-pavement noise production and propagation. These pavements may be small textured or porous asphalt mixes, or they may be negative textured longitudinal groove and grind concrete surfaces. These pavements should not be considered substitutes for noise barriers.

Figure 2: VDOT quiet pavement demonstration projects

Specific pavement solutions evaluated by VDOT for the quiet pavement programme include
● Asphalt:
●	Open-graded with 9.5mm top-size stone
		 – polymer and rubber-modified
		 (PFC 9.5/PFC 9.5RM) - 1 inch thick
●	Open-graded with 12.5mm top-size
		 stone – polymer and rubber-modified
		 (PFC 12.5/PFC 12.5RM) - 2 inch thick
● Concrete:
● Conventional Diamond Grind (CDG)
●	Next Generation Conc. Surf. (NGCS)
McGhee, K. “Virginia “Quieter” Pavements Implementation Program”. Presentation held at Virginia Center for Transportation Innovation
and Research. May 7th, 2013.

2

13

The project is ongoing and will be completed in June 2015 and will include a plan for the implementation of quiet
pavements in Virginia.

Pavement LCA including the use and maintenance phase3

Lifecycle assessment (LCA) is a tool used to compile inputs/outputs and determine impacts on an overall system,
in terms of environmental impact LCA outputs generally provide quantification of CO2-equivalent, where the impact of this is global warming potential and pollution.
Typically, a pavement lifecycle can be defined in the following five phases:
1. Material Extraction/Production
2. Construction
3. Use
4. Maintenance
5. End of Life
More and more pavement LCAs have been conducted in the past years where the primary focus has been on
the materials selection and construction phase. It is the use phase that is the longest phase of the pavement
lifecycle, and this phase is currently underestimated by existing pavement LCAs. As seen in Figure 3, the use and
maintenance phase incorporates a number of factors that are time dependent, thus making them more difficult
to accurately calculate.

Figure 3: The use and maintenance phase of a pavement LCA
In order for pavement LCAs to provide accurate and relevant information, it is important that the use and maintenance phase are accurately calculated, especially when you consider that only 2-5% of the energy is consumed
during construction, maintenance and operation (lighting, etc.). The majority of energy is consumed during the
trafficking phase of the road, where a difference in fuel consumption between smooth and rough pavement was
around 4.5%.In essence this means that a 10% reduction in rolling resistance can lead to a 1% to 2% reduction in
fuel consumption3.

Bryce, J., Flintsch, G., &Katicha, S. “Pavement LCA Including the Use and Maintenance Phase“. Presentation held at Virginia Tech Transportation Institute Center for Sustainable Transportation Infrastructure. May 8th, 2013.

3
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Virgin material reduction
In place pavement recycling4

The FHWA recycled materials policy was offered to advance the use of recycled materials in highway applications.
Specifically, the FHWA policy5 is:
1. Recycling and reuse can offer engineering, economic and environmental benefits
2. Recycled materials should get first consideration in materials selection
3. Determination of the use of recycled materials should include an initial review
of engineering and environmental suitability
4. An assessment of economic benefits should follow in the selection process
5. Restrictions that prohibit the use of recycled materials without technical basis
should be removed from specifications
In conjunction with the FHWA recycling policy, VDOT initiated an in-place pavement recycling programme. The
programme involves the use of existing pavement materials and incorporates the use of stabilising additives such
as foamed bitumen, bitumen emulsion, hydraulic cement, and lime. As seen in Figure 4, the number of recycling
projects has been increasing steadily since 2008.
The in-place pavement recycling programme uses different recycling techniques
depending on the pavement layer being
recycled. Whereby hot in place recycling is
used on the top layer, followed by cold recycling (cold in place recycling or cold central mobile plant) in the intermediate layers,
followed by full depth reclamation in the
base layers

Figure 4: VDOT recycling projects

VDOT reported that resistance to change
(both internally and externally) was a significant hurdle to overcome in order for this
technique to gain acceptance. In order to
overcome these obstacles, it was essential
to maintain the focus of the programme,
as well as provide adequate specifications,
guidelines and training seminars to both
internal and external partners.

Enhanced durability
Geosynthetic reinforced soil (GRS) bridge substructure6

According to the FHWA7 there are approximately 600,000 bridges in the US, where many of these have structural
or functional deficiencies. Most of these bridges are small span and are facing budgeting issues, whereby insufficient funds are available to conduct maintenance as it used to be done.
For this reason, Geosynthetic Reinforced soil (GRS) integrated bridge systems (IBS) have been proposed as a potential solution, as shown in Figure 5. GRS is an engineered fill of closely spaced alternating layers of compacted
granular fill material and geosynthetic reinforcement. IBS, meanwhile, is a fast, cost-effective method of bridge
support that blends the roadway into the superstructure using GRS technology. Bridges combining both of these
technologies are referred to as Geosynthetic Reinforced soil integrated bridge systems (GRS-IBS).
Diefenderfer, B. “VDOT Experiences with Pavement Recycling”. Presentation held at Virginia Center for Transportation Innovation and
Research. May 7th, 2013.
5
http://www.fhwa.dot.gov/legsregs/directives/policy/recmatpolicy.htm
6
Adams, M. “GRS Research at Turner-Fairbank Highway Research Center”. Presentation held at FHWA Turner-Fairbanks Research Center.
May 6th, 2013.
7
http://www.fhwa.dot.gov/everydaycounts/pdfs/summits/GRS-IBS_full_presentation.pdf
4
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Figure 5: Components of a GRS-IBS: (a) cut-away of a GRS (b) Cross section of a GRS-IBS
The FHWA reports that the benefits of using this technology include: smoother transitions, reduced construction time, reduced construction cost (20-60%), less dependency on weather conditions, flexible design, easier to
maintain (fewer bridge parts), and a simpler plan set.
Research at FHWA Turner-Fairbanks is currently focusing on developing a database of GRS material properties.
Specifically, attention has been placed on evaluating the relationship between reinforcement strength and spacing. Other issues of interest include evaluating thrust against the face, LRFD calibration, and validation/refinement
of the analytical equation for capacity.

Rapid and non-destructive methods
Robot-Assisted Bridge Inspection Tool (Rabit)8

Figure 6: Illustration of Rabit

In an effort to ascertain the
“health” of the current bridge
stock, authorities use an array of
techniques and non-destructive
evaluation methods to diagnose
bridge health. Issues with the
current method of deck condition assessment include that
they are time consuming, can be
dangerous for people conducting them, do not provide real
time data, and finally that they
are also prone to subjectivity of
the individual assessor.
For this reason, an automated
alternative to bridge deck evaluation is being developed. The
Robot-Assisted Bridge Inspection Tool (Rabit) is being developed as a research product
within the long term bridge
performance programme. As illustrated in Figure 6, the Rabit

8
Zobel, R., Lopez, A., Ghasemi, H., & Lane, S. “Robot-Assisted Bridge Inspection Tool: Research product of the Long Term Bridge Performance (LTBP) Program”. Presentation held at FHWA Turner-Fairbanks Research Center. May 6th, 2013.
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incorporates: GPS, high definition imaging, utrasonic surface waves, impact echo, ground penetrating radar, and
electrical resistivity.
Benefits of using the Rabit include: Safer data collection, faster and more economical assessment compared to
the traditional NDE assessment, higher spatial data resolution, and the ability to provide real-time information.

Small culvert inspection systems9

According to FHWA, there are an estimated 2 million culvert units supporting the US’s highway infrastructure.
Only larger culverts with span length greater than 20 feet (6 metres) are documented in the National Bridge Inventory (NBI). According to the December 2010 count, out of 604,000 structures in NBI, there are approximately
131,000 (large) culverts equalling 22% of the total count. Therefore, only an estimated 6% of culverts are inventoried in a central national database.

Figure 7: Housing design of FHWA small culvert inspection system

Due to the large amount of non-documented culvert, an automated tool
was developed by FHWA for use by
field inspectors. The goal of the development was to design an easy to
deploy and inexpensive (≈1500$) unit
for field inspection of smaller culverts.
Design concepts included were: the
unit was always to remain sealed, no
external switches on probe, chargeable like a drill, wireless data transfer,
automatic data sync like a modern
mobile telephone, toolkit for flexible
deployments, easy transport, and
flexible delivery (pull cable, push rod,
winches, etc.). The housing design is
illustrated in Figure 7, and shows how
many of the key requirements were
built into the concept.

A key design concept that was used throughout was that the systems needed to be user friendly to ensure that
field inspectors would use them. The system is composed of an ultrasonic/optical culvert mapping sensor probe, a
self-contained probe with probe-level data acquisition, a sled for inspection of dry culverts, a cable distance measurement unit, and a rugged laptop/tablet for control and display. An example of the output is provided in Figure 8.

Figure 8: Example of 3D sonar data of enclosed culvert with simulated damage

Structural evaluation of pavements at network level10

In order for pavement managers to know the health of the road network they are managing, a method of rapid
structural evaluation of the network is necessary.Therefore, VTTI has started a project whereby weak or structurally deficient areas of the road network are identified for further investigation at the project level. This methodology
was based on interviews with selected pavement managers and should differentiate between sections that may

Jalinoos, F.”FHWA Culvert Inspection System”. Presentation held at FHWA Turner-Fairbanks Research Center. May 6th, 2013.
Katicha, S, Flintsch, G. & Bryce, J. “ Structural Evaluation of Pavements at the Network Level “. Presentation held at Virginia Tech Transportation Institute Center for Sustainable Transportation Infrastructure . May 8th, 2013.
9

10
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be good candidates for preservation and those that would likely require a more substantial treatment. Doing so
will provide network-level data to calculate a “structural health index” that can be incorporated into a pavement
management system (PMS). Important aspects of this study included: device repeatability, device reproducibility
or comparability (mainly with Falling Weight Deflectometer (FWD)), calculation of Structural Indexes or related
parameters, and the identification of weak, strong, and similar sections.
The device used for the measurement of the structural health of the pavement in this study was the continuous
deflection device (Figure 9). The SHRP 2 definition of continuous deflection device is: ”a deflection measuring
device constantly moving that can collect data at intervals of approximately 300 mm (1 foot) or smaller using load
levels typical of truck loading (i.e. 40-50 kN (9-11 kips) per wheel or load assembly)”.

Figure 9: Continuous deflection device
This study found that at least one device provided repeatability for network-level pavement management applications. Additionally, it was possible to collect deflection measurements and/or indices that were comparable
to those collected by traditional measurement devices such as the FWD. It was also found that it was possible to
provide measurements that could be used for supporting some of the most critical network-level applications
identified by the potential users and possibly assist project level operations by identifying localised structural
deterioration.
The FHWA has an ongoing research project that is a follow-up to the work SHRP2 conducted to investigate these
devices. As part of the FHWA project, various devices will be evaluated on instrumented test section at the MNRoad facility in Minnesota. Guidelines for data analysis will also be developed.

Zero-intrusive maintenance
Caltrans pothole repair11

Caltrans places emphasis on using research to reduce costs and increase safety in everyday maintenance activities. The Python automated hot asphalt pothole repair system provides an example of one such innovation. As
shown in Figure 10, the Python is filled with hot mix at the asphalt plant, and is then dispatched to the relevant
roadway to repair the potholes.
11

18

http://ahmct.ucdavis.edu/wp-content/uploads/pdf/ahmct_python_php_07-2011.pdf
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Figure 10: Python pothole sealer (a) Loading the python with hot asphalt and (b) hot asphalt patching
The Python pothole patcher automates the traditional hot asphalt patch process, whereby it automatically uses
an air jet to clean the pothole, sprays the pothole with tack oil, fills the pothole with asphalt, and finally compacts.
The primary benefit of using this equipment is that it does not require workers to exit the vehicle or to establish
fixed lane closures.

SEALZALL pavement
crack sealer12

Automated crack sealing has been
under development by the Advanced
Highway Maintenance and Construction Technology (AHMCT) centre and Caltrans for over 15 years.As
shown in Figure 11, this automated
equipment is designed for longitudinal joint sealing and was developed
to eliminate direct worker exposure
during sealing operations and increase sealing production rates.

Figure 11: AHMCT-Caltrans SEALZALL automated
longitudinal joint sealer

The SEALZALL is currently in use in
California and is an example of increased automation in the infrastructure maintenance sector research field.

Predictive infrastructure performance processes
Development of structural index13

Typically network-level decision making is dependent on pavement functional distresses, with little attention paid
to the structural data. This practice leads to significantly over or under-designed choices when considered at
the project-level.Research has shown little correlation between surface distress and centre deflection of FWD as
well as that only 27% of designs based on surface data were correct (41% under-designed, 32% over-designed).
Therefore, implementing structural capacity into network-level decision making will lead to more efficient and
accurate planning and budgeting.The structural capacity index proposed by Flora14 provides one such method.
The modified structural index provides an indicator of the service life of a pavement. This is important as there
http://ahmct.ucdavis.edu/pdf/UCD-ARR-09-10-31-01.pdf
Katicha, S, Flintsch,G. & Bryce, J. “Structural Index for Pavement Management”. Presentation held at Virginia Tech Transportation Institute Center for Sustainable Transportation Infrastructure. May 8th, 2013.
14
Flora, W. Development of a Structural Index for Pavement Management: An Exploratory Analysis. Master’s Thesis. Purdue University,
West Lafayette, IN, 2009.
12
13
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Figure 12: Network level structural screening
is practically no correlation between functional and structural condition.However, the structural condition has an
effect on the rate of deterioration of the functional condition. Some maintenance practices tend to mask the poor
functional parameters of the road, while the structural capacity of the pavement remains unchanged. Therefore,
as shown in Figure 12, structural information can be used to screen out potential problem points in the network.
As shown in Figure 13, the project proposes in terms of maintenance costs and expected service life that once the
MSI value reaches 1, the minimum costs for maintaining this pavement has been minimised for the 25 year case.
When the MSI reaches 0.8, the costs of maintaining this pavement has doubled over the 25 year analysis.

Figure 13: Impact of MSI on lifecycle cost
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Review of Infravation
relevant processes
he US scanning tour illustrated
that in addition to specific technologies that were relevant to
Infravation, the US has embraced specific
research strategies with respect to infrastructure research. As shown in Figure 14,
the various research programmes presented during the scanning tour deliberately target different research aspects,
with a common goal of implementation
of the research.

T

Every Day Counts (FHWA)
Figure 14: Contributions of various US funded
The Every Day Counts (EDC) initiative was
research programs15
developed by the FHWA to identify and
deploy innovation aimed at shortening project delivery, enhancing roadway safety, and protecting the environment. The objective of EDC is to take effective, proven and market–ready technologies and get them into widespread use16. By incorporating such technologies into everyday use, it is anticipated that safety will be improved,
congestion reduced, and mobility maintained.
The EDC initiative has already identified a number
of technologies which can be accelerated and deployed. These technologies include:
● Warm Mix Asphalt
● Prefabricated Bridge Elements and Systems
● Adaptive Signal Control Technology
● Safety Edge
● Geosynthetic Reinforced Soil

Intelligent compaction

Figure 15: Components of an intelligent
compaction system

One of the EDC initiatives presented at FHWA was
the intelligent compaction effort17 .As shown in
Figure 15, intelligent compaction systems involve
the use of sensors, GPS equipment, and on-board
computers on the compaction equipment to ensure that the necessary level of compaction is
achieved at each and every point of interest18.

As with other EDC initiatives, a specific effort was placed on the implementation of the technology. For this reason, workshops were developed for various members of the construction industry, as well as technology vendors

15
Jonsson, J, “ FEHRL / Infravation US Scanning Tour, May 4-12, 2013: Advanced and innovative construction and maintenance”. Presentation held in Brussels for FIRM 2013 meeting. June 5th, 2013.
16
http://www.fhwa.dot.gov/everydaycounts/about/
17
Cawley, B. ”Intelligent Compaction, 3D Engineered Models for Construction, and slide-in bridge construction”. Presentation held at
FHWA Turner-Fairbanks Research Center. May 6th, 2013.
18
http://www.intelligentcompaction.com/
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to ensure that the construction community
was familiar with the need for intelligent
compaction and the technology behind it.
Additionally, it was important to develop
champions of the technology who would
accept and adopt the technology at a state
level. As shown in Figure 16, 32 states have
committed to the technology with one state
(Minnesota) emerging as a national champion of intelligent compaction.

Multi-dimensional models
for construction

Figure 16: Intelligent compaction EDC implementation plan

3D Engineered Models for Constructionwere also demonstrated as an EDC initiative,
as well as at Caltrans for the construction of
the new Bay bridge. These virtual models
of the construction site provide additional
precision and accuracy of the construction
project, as well as early warning of potential
clashes. Additional dimensions can also be
added to these models with time and cash
flow being added to provide a more holistic
view of the project during construction.
As seen in Figure 17, engineered construction model use in the US is really taking off
with approximately 22 states exploring the
technology and seven states acting as national leaders.

Figure 17: Status of 3D engineered models for
construction use in the US

Exploratory Advanced Research
The FHWA Exploratory Advanced Research
(EAR) program addresses the need to conduct research on longer term and higher risk
breakthrough research with the potential
for transformational improvements to plan,
build, renew, and operate safe, congestion
free, and environmentally sound transportation systems19. As shown in Figure 18, the
EAR program is intended to complement
the other research highway infrastructure
research programs currently undergoing.

Figure 18: Exploratory advanced research20
19
20
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The EAR program is described as “high risk,
high payoff” research which permits the
ability to question accepted approaches,

http://www.fhwa.dot.gov/advancedresearch/about.cfm#gen
Kuehn, D.” Exploratory Advanced Research (EAR) Program”. Presentation held at FHWA Turner-Fairbanks Research Center. May 6th, 2013.

www.fehrl.org

push disciplinary boundaries, and the serendipity to follow and explain unexpected results. The focus areas of
EAR include:
● Connected highway and vehicle systems
● Breakthrough concepts in material science
● Human behaviour and travel choices
●	New technology and advanced policies
for energy and resource conservation
● Technology for assessing performance
● Cross cutting
●	Nanoscale research
● Information sciences
All EAR projects begin with initial stage investigations such as reference searches, scanning trips, convening
workshops, etc. Doing so provides leverage of the most recent, relevant and advanced research from all fields.
Following this stage, follow up is provided to the projects deemed most actionable.
The purpose of the program is to enhance cooperation and research capacity between industries, thus allowing
researchers to consider and respond to difficult research questions. The EAR program is part of a complete research programme which provides ongoing, focused investment in strategic highway research needs.
Successful implementation of the EAR program will include returns on investment that can be seen retrospectively
from new technology or tools for discovery. Additionally, EAR will promote the growth of scientific and engineering capacity, and more specifically
innovative transportation research.
A key aspect of this programme can
be found in the leverage that occurs
with other federal investments such
as the defence and automation industries.

Figure 19: Scanning Electronic Microscope image of a fiber
across a crack (about 1 micron wide)

One key aspect of the research
conducted under the EAR umbrella
is the focus on longer term impact,
whereby focus is shifted from assessing performance to controlling
performance (Figure 19). This type
of research is seen at the material level through adaptive, multifunctional, self-sensing, and selfhealing materials. On the structural
level, controlling performance is
achieved through self-sensing,
predictive, resilient, and evolving
structures.

Strategic Highway Research Program (SHRP) 2
The SHRP 2 initiative has the goal of producing “Tools to save lives, save money, save time.” This research develops
products developed from objective, credible research. The solutions are intended to respond to challenges of the
transportation community such as safety, aging infrastructure, and congestion. SHRP 2 is a collaborative effort of
the AASHTO, FHWA and TRB to deliver tested products that are refined in the field.
The first SHRP program occurred between 1988 and 1993 and resulted in such technologies as the Superpave
system. SHRP2 is following in the decidedly customer-oriented view established in SHRP, where highway needs
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are addressed from a system perspective. SHRP2 encourages research in non-traditional highway-related areas,
and explicitly acknowledges the interdependence of highway research and technology programs.
SHRP 2 was approved in 2009 and currently has approximately US$232.5 million funding up to March 2015. The
four thematic areas of SHRP2 are safety, renewal, capacity, and reliability21. As seen in Table 2, each emphasis area
has a specific focus.
Table 2: Areas and focus areas of the SHRP2 program
Area

Focus

Safety

Prevent or reduce the severity of highway crashes by understanding
driver behaviour

Renewal

Address the ageing infrastructure through rapid design and construction
methods that cause minimal disruption and produce long-lived facilities

Reliability

Reduce congestion through incident reduction, management, response,
and mitigation

Capacity

Integrate mobility, economic, environmental, and community needs
in the planning and designing of transportation capacity

SHRP2 produces numerous research reports on various topics relevant to infrastructure research. The end product
of such research is intended to be results-oriented research which recommend procedures, practices, and applications to be adopted as standards, guides, or recommended practices at the local, state, or federal level.

Virginia pool funded cooperation model22
With respect to project methodology, VTTI provided an overview of the Virginia cooperative model which is used
in pool funded projects. This model is illustrated in Figure 20, and shows how the research project initiates with
an idea. Following this, the scope of work is prepared and subsequently embraced by a lead agency. The federal
government then approves and the project is initiated with funding from the relevant partners. Perhaps the most
interesting part of this model is the feedback loop that occurs during the duration of the project, which allows
new ideas to be developed together with the stakeholders and then specify new projects. As with most US infrastructure research, emphasis is placed on outreach and dissemination. Workshops and webinars are often used
to disseminate research knowledge, and typically lead to the next idea or innovation theme.

Figure 20: Pooled fund
research project lifecycle

http://www.trb.org/StrategicHighwayResearchProgram2SHRP2/Pages/Overview-168.aspx
Flintsch,G. “Center for Sustainable Transportation Infrastructure Overview”. Presentation held at Virginia Tech Transportation Institute
Center for Sustainable Transportation Infrastructure. May 8th, 2013.
21
22
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Collaborative opportunities
pportunities for collaboration can be found by comparing existing research being done in the US with
the needs of the Infravation programme. Doing so will provide a synergy of the needs of the Infravation
programme together with available US partners who currently work with these topics. Potential topics
which cut across these areas include:
● Intelligent compaction
● Multi-dimensional construction modelling for highway infrastructure
● Accelerated bridge construction
● Geosynthetic reinforced soil (GRS) bridge substructure
● Pavement LCA including the use and maintenance phase
● Pavement recycling
● Robotic assisted bridge inspection tool (RABIT)
● Structural evaluation of pavements at network level

O
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Conclusions and Recommendations
ince 2010, FEHRL has been organising scanning tours of the USA. Each of these tours has been developed
in cooperation with FHWA’s TFHRC, which represents FEHRL in the USA. The tours are intended to bring
about the exchange of knowledge and partnership building between US organisations and the participating
members of FEHRL. Previous tours have comprised teams from Europe, Israel, South Africa and Australia, as well as
the US itself. These teams have included experts from FEHRL institutes, as well as road directorate experts from CEDR.

S

In the current economic climate, NRAs are under increasing pressure to deliver and maintain their networks with
reducing budgets. It is therefore essential that the maximum use is made of innovation both in the road sector
and transferred from other sectors to assist in the management of the network. However, new innovations are
often not fully exploited because of the barriers to adoption. Therefore it is not sufficient to simply identify new
innovations, but this must be accompanied by a drive to identify and overcome the barriers to implementation.
The 2013 FEHRL US scanning tour was performed to provide an overview of research being conducted in the US
and to find potential synergies between US conducted research and the needs of the Infravation programme. As
part of the scanning tour, a FEHRL delegation composed of 17 members from 13 FEHRL member institutes visited
FHWA TFHRC, the VCTIR, the Virginia Tech CSTI and Caltrans in Oakland, California.
The scanning tour illustrated that many of the issues that North America faces are similar to those of other FEHRL
member countries. For these reasons, increasing collaboration between the continents seems only natural.
The authors of this report recommend that the future Infravation programme try to capitalise on the stated objectives of the Infravation programme, as well as the work already conducted in the US. Specifically, the EDC initiative
appears to have identified a number of technologies that are mature and ready for implementation. The specific
topics that have firm footing in both the Infravation goals and EDC initiative are:
●
Intelligent compaction
●
Multi-dimensional construction modelling for highway infrastructure
●
Accelerated bridge construction
●
Geosynthetic reinforced soil (GRS) bridge substructure
●
Warm mix asphalt
Other topics that are not directly covered by the EDC initiative, but are relevant to the Infravation topics proposed
include the following topics:
●
Pavement LCA including the use and maintenance phase
●
Pavement recycling
●
Robotic assisted bridge inspection tool (RABIT)
●
Structural evaluation of pavements at network level
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Appendix A

Countries and organisations represented
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Name

Family Name

Institute

Ursula

Blume

BASt

Monssef

DrissiHabti

IFSTTAR

Olav

Ellevset

NPRA

Norway

Sandra

Erkens

RWS

Netherlands

Anita

Ihs

VTI

Sweden

Rasmus

Jensen

DRD

Denmark

Johan

Jonsson

Trafikverket

Sweden

Mathias

Kjerstad

NPRA

Norway
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Country

Germany

France

Jürgen

Krieger

BASt

Germany

Mai Lan

Nguyen

IFSTTAR

Katherine

Petros

FHWA

USA

Steve

Phillips

FEHRL

Belgium

Jacek

Sudyka

IBDIM

Poland

Carl

Thodesen

SINTEF

Norway

Finn

Thøgersen

DRD

Denmark

Richard

Yeo

ARRB

Australia

Adam

Zofka

IBDIM

Poland

France
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The locations visited during the scanning tour are shown on the map below, and were according to the following agenda:
● Sunday 5th May: FEHRL debrief meeting, McLean, VA
● Monday 6th May: FHWA, Langley, VA		
● Tuesday 7th May, VCTIR, Charlottesville, VA
● Wednesday 8th May: Smart Road and VTTI at Virginia Tech University, Blacksburg, VA
● Thursday 9th May: Travel to San Francisco
● Friday 10th May: CALTRANS, Oakland, CA

1 - FHWA - Washington

3 - VTTI - Blacksburg

2 - VCTIR - Charlottesville

4 - Caltrans - San Francisco/Oakland

Appendix B Presentations
Presentations from the
scanning tour, as well
as agenda details and
pictures are available
on the FEHRL File Zone at:
http://www.fehrl.org/index.php?m=32&id_directory=7431
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Appendix C

Information on Organisations Visited

State

City

Institute

McLean

Turner-Fairbanks
Highway Research
Center

• Intelligent compaction
• Small culvertinspection system
• Robotic assisted bride
inspection tool
• Geosythetic Reinforced
soil bridge substructure
• Multidimensional construction
modeling for highway
infrastructure

Charlottesville

Virginia Center
for Transportation,
Innovation, and
Research (VCTIR)

• VCTIR overview
• Warm mix asphalt
• Quiet pavements
implementation program
• In place pavement recycling
• Development of structural index

Center for
Sustainable
Transportation
Infrastructure
(CSTI)

• Virginia Pool funded
cooperation model
• Pavement LCA including the use
and maintenance phase
• Structural evaluation of
pavements at network level
• Virginia Tech Civil Engineering
materials laboratory visit
• Smart road facility visit

Virginia

Virginia

Blacksburg

Virginia

San Francisco
California

Key presentations
/Topics/Visits

Caltrans

• Importance of highway research
innovation for California
• Multidimensional construction
modeling for bridge construction
• Automatedpotholerepair
• Automated pavement cracksealer
• Bay bridge sitevisit
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BRRC

our members

BRRC BRRC

BRRC

AIT, Austria
www.ait.ac.at
with TUW

IFSTTAR, France
www.ifsttar.fr

RRI, Lithuania
www.kti.ap.vgtu.lt

ANAS, Italy
www.stradeanas.it
with UNIFI

IGH, Croatia
www.igh.hr

RWS-DVS, Netherlands
www.rws.nl/wegen
with TNO & TUD

BASt, Germany
www.bast.de

IP, Serbia
www.highway.rs

TECER, Estonia
www.tecer.eu

BRRC, Belgium
www.brrc.be

KEDE, Greece
with NTUA

TRL, United Kingdom
www.trl.co.uk

CDV, Czech Republic
www.cdv.cz

KGM, Turkey
www.kgm.gov.tr

VTI, Sweden
www.vti.se

CEDEX, Spain
www.cedex.es

KTI, Hungary
www.kti.hu

VUD, Slovakia
www.vud.sk
with University of Žilina

LAVOC, Switzerland
www.lavoc.epfl.ch

ZAG, Slovenia
www.zag.si

BRRC

CESTRIN, Romania
www.cestrin.ro

CIRTNENS, Bulgaria
www.crbl-bg.net

LNEC, Portugal
www.lnec.pt

Derzhdor NDI, Ukraine
www.dorndi.org.ua

LVCELI, Latvia
www.lvceli.lv

DRD, Denmark
www.roadinstitute.dk

NPRA, Norway
www.vegvesen.no
with NTNU & SINTEF

IBDiM, Poland
www.ibdim.edu.pl

NRA, Ireland
www.nra.ie
with UCD & TCD

ICERA, Iceland
www.vegagerdin.is

PCH, Luxembourg
www.pch.public.lu

our associates
ARRB, Australia
www.arrb.com.au

CSIR, South Africa
www.csir.co.za

NETIVEI ISRAEL, Israel
www.iroads.co.il

TFHRC-FHWA, USA
www.tfhrc.gov

FEHRL
Blvd de la Woluwe 42 /B3
1200 Brussels, Belgium
www.fehrl.org
info@fehrl.org

