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Presentation Overview 

• Need for more effective long-life pavement 
• Pavement Renewal Solutions 

– Product Elements 
– Research 

• Long-Life Approaches for 30-50 Years 
• Details of Guides 
• Details of rePave 
• State Pavement Assessments 
• Washington State Example 
• Resources 
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What’s in this Presentation: Read slide
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Transportation Needs 

• State and local transportation agencies need innovative ways 
to speed up the delivery of needed infrastructure 
improvements at lower costs. 

• Incorporating existing pavement into pavement 
• rehabilitation projects can lead to cost-effective results. 
• Reusing existing pavement reduces costs, including 
 hauling and dumping costs, and shrinks construction. 

timelines.  
• Projects can be accelerated by reusing existing pavement, 

alleviating the need to remove and dispose of it offsite. 
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Pavement Renewal Solutions 

• Developed through the second Strategic Highway Research 
Program (SHRP2) 

• Product elements: 
– Pavement Assessment Manual 
– Best Practices (design and construction)  

• Rigid Pavements 
• Flexible Pavements 

– Guide Specifications 
– Traffic Considerations 
– Life-Cycle Cost Analysis 
– Life-Cycle Assessment 
– Emerging Technologies 
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The program was developed through the second Strategic Highway Research Program. It provides a platform that houses the following information to aid users in designing and building long-life pavements using existing pavements.
•	Pavement Assessment Manual
•	Best Practices (design and construction background for long-life performance)
		Rigid Pavements
		Flexible Pavements
•	Guide Specifications (general specifications plus elements for long-life performance)
•	Traffic Considerations (includes production plots from Construction Analysis for Pavement Rehabilitation Strategies [CA4PRS] runs)
•	Life-Cycle Cost Analysis (for approach selection)
•	Life-Cycle Assessment (describes processes to assess environmental impacts)
•	Emerging Technologies
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Pavement Renewal Solutions  

 Product Benefits 

rePave Scoping Tool 
 Will encourage longer lasting designs. 
 Realistic scoping assessments and easy to use. 
 Guides user through data gathering process. 

Project Assessment 
Manual (including Life 
Cycle Assessment, Traffic) 

 Combines traditional rehabilitation data needs with 
up-to-date tools such as CA4PRS (construction 
productivity and work zones). 

Best Practices:  
Flexible and Rigid 

 Document practices that are critical for designing 
and constructing long lasting pavements. 

 Combine key practices with specifications. 

Guide Specifications  Specification elements can be incorporated in 
preexisting agency standard specifications. 

LCCA, Emerging 
Technologies 

 Encourage use of LCCA. 
 Create awareness of emerging pavement 

technologies. 
5 

Presenter
Presentation Notes

As you can see these pavement renewal guidelines or solutions consist of the interactive program rePave which is used to help the user navigate the approach selection process for any given pavement and site condition.

It also includes a set of resources that are accessed thru the web site.  

Also included but not shown in the list is a document that describes the scoping methodology in detail including all of the tables and decision rules. 
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Assessment Scoping Design PS&E 

rePave Scoping 
Tool 

 
Interactive decision matrix for identifying 

and selecting pavement renewal strategies 

 
access to 
resources 

Project 
Assessment 
Manual 

 
Guidelines for data collection, testing, etc. 

required for assessment and scoping 

Best Practices:  
Flexible and Rigid   

Guide 
Specifications  

LCCA, Emerging 
Technologies  

Pavement Renewal Systems  
How they work 

Use Standard 
State Design 

Process  
(ie: AASHTO 

Pavement ME, 
PerRoad, etc.) 
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Each of the resources was designed to help an agency with designing and constructing a long life pavement. 

It is expected that a user will consider a number of approaches for the specific site conditions. Construction processes and traffic staging should be considered as part of the construction costs with the final approach selected based on long term costs estimated using accepted or the agencies life cycle costs analysis procedures. The final agency design should be conducted based on the agencies standard design procedure.

Guide specifications are provided to help an agency obtain long life performance. One of the agencies visited indicated that the largest difference between their standard design and long life pavements was in the materials they used and more stringent construction specifications.

At this point I would like to pass the presentation over to George White from Pavia to describe how the rePave application works.  George was responsible for developing the rePave interactive program.
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Research 

Identified and confirmed which design approaches 
would provide 30 to 50 years service with little 
structural damage 
• Conducted extensive literature review. 
• Queried many other countries for information on what they 

did and how long it lasted. 
• Analyzed the LTPP Database for treatment approaches and 

performance. 
• Where the LTPP data did not have sufficient performance 

history, ran numerous PerRoad and MEPDG design analyses 
to estimate service life for a range of LTPP sites. 
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Presentation Notes

To develop guidelines for designing and constructing long life pavements using the existing pavements in place the team needed to determine what approaches had the best potential for providing long life.   They also needed to determine what affect the condition of the existing pavement had on those choices as well as the best construction procedures and specifications to recommend.
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Research  

• Visited seven agencies to review what they did, how it 
performed (site visits) and worked with them to help develop 
the guidelines and provide feedback on the Guidelines. 

• Developed test cases with each Agency and conducted a 
number of workshops  to review and refine the guidelines. 
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Presentation Notes
The team conducted extensive phone interviews with 15 separate agencies to document what they had done in pavement renewal and how it was performing. In Phase 2 seven agencies noted in the earlier slide agreed to help develop the guidelines. Considerable time was spend visiting those agencies, to fully understand what approaches they used for pavement renewal and how they were performing. This involved collecting design documents and plans and specifications where available, project site visits and a number of meetings with the agencies.  These agencies provided invaluable support in providing information and providing detailed comments on the guidelines as they were developed. One major pavement renewal project was selected from each agency and a comparison was performed between the agencies design and the guidelines.  Where the agency had used a long life design the agency design and the guidelines were quite close. In one case the agency used the guidelines to help them design and build a long life pavement renewal project.
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Long-Life Approaches   
(30-50 years) 
• Unbonded PCC overlays of flexible pavement. 
• Unbonded PCC overlays of rigid pavements. 
• Bonded CRCP overlays of CRCP. 
• HMA overlays of rigid pavements. 

– With rubbilization of PCC pavement. 
– With crack and seating of JPCP. 
– With saw crack and seating of JRCP.  

• HMA overlays of flexible pavement. 
– Provided all stripping, fatigue cracking,  

thermal cracking is addressed. 
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As a result of the work in phase 1 and the agency interaction in phase 2 the team settled on the basic rehabilitation approaches shown in this slide. 

Note the PCC overlays require little preparation of the underlying pavement. The HMA overlays however do require more aggressive preparation of the underlying pavement which is the reason for the larger number of treatments shown. 

Additionally it is assumed that rigid approaches will require some pavement rehabilitation during the life of the pavement while the flexible approach will require replacement of the wearing surface periodically during the life of the pavement. 
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Long-Life Approaches   
(30-50 years) 

For Long-Life PCCP  - Snyder Rigid BP 
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Long life PCC Pavements require a combination of adequate thickness ie MEPDG with 30 to 50 year designs and also attention to design features and construction requirements as described by Mark Snyder in the R23 Rigid Best Practices.

Not only does the pavement thickness need to meet long life requirements but also improved materials and construction such as:
Corrosion Restart Dowels 
Concrete Aggregate durability
Concrete Matrix Durability
Construction Parameters
Foundation Support  (uniform and resistant to pumping of fines not overly stiff)
Drainage Parameters
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Long Life Approaches   
(30-50 years) 

Thickness Limits for Long Life 
      TRL – Reflection Cr HMA 
 
    LTPP Data 
Smith & Peshkin 
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Presenter
Presentation Notes
The analysis of long life pavements also indicated thickness limits for long life pavements.
Smith and Peshkin found that most Agencies experienced poorer performance of unbounded overlays when the overlay thickness was 8 inches of less.
The R23 study of the LTPP data found that there was a significant increase in cracking when the overlay thickness was less than 8 ½ inches.
Studies in the United Kingdom found that for asphalt overlays of PCC pavements cracking and seating and thicker overlays were required to minimize reflection cracking. The study shown in the upper right graph was conducted by TRL.  Where the top line shows the amount of reflection cracking in the control section without cracking and seating and a 4 inch overlay. The other curves show the amount of reflection cracking with 4, 5, 6, and 7 invh overl;ays.  Their guidance is now for a minimum of 6 inches but they would prefer to see that at 7 inches.
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Long-Life Approaches   
(30-50 years) 
For Long-Life HMA – Limiting Strain Criteria – APA IM-40. 
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Presentation Notes

As with PCCP Long Life HMA requires both adequate thickness and sound material with well bonded layers. 

Most States have pavements that meat this criteria as long as there is no striping, or de-bonding, between layers. Where the pavement is thick enough and sound enough to provide 30 to 50 years service without any bottom up fatigue cracking it will still crack from the top down with aging and oxidation of the wearing course.  That means that the wearing course will need to be removed and replaced a number of times over the design life which will need to be accounted for in any life cycle cost analysis.
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Long Life Approaches  
(30-50 years) 

Flexible design tables built using PerRoad and checked with 
MEPDG using limited strain criteria. The design runs were 
made using load spectra, and then converted to ESALs. 
 
 
 
 
 
 
 
 
Thompson et al 2007 
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The design approach used to develop the design tables in R23 was based on limiting strain criteria using PerRoad and checked with MEPDG. The guidance on what strain level to use is evolving.  Early designs used 70 micro strains based on beam fatigue work conducted in the late 60’s. Work continues on endurance limits and there is some evidence that existing pavements are providing long life pavements at 150 micro strains or higher. The flexible design tables were developed using 100 micro strains based on several more current studies.  Also, PerRoad used reliability in the design so average endurance limits are more appropriate than minimum values.   
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Resources to Enhance Use of  
Design Guidelines 

Project 
Assessment 

Manual 

Guide 
Specifications 

Best 
Practices 

Rigid 

Best 
Practices 
Flexible  
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Presentation Notes

The following slides provides a small sample of what is in the resource documents and how it applies to long-life pavements.  These documents provide descriptions and background information to go with the approach selection including design approaches, traffic staging, construction practices and specifications that should be considered to produce long life pavements.
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Decision Matrix: 
Multiple Selection Tables 
Selection tables a function of existing pavement type, distress 
types and levels, and subgrade support  renewal options. 
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Presentation Notes

The guidelines that were developed include 20 decision tables which are structured to consider the pavement type and condition (distresses) , type of treatment desired, and design criteria.  In addition thee are 5 tables that set the order in which the pavement type and distresses are considered from more severe condition  to less severe conditions.  There are also 12 sets of “decision rules” that defines the treatment and design tables that are used for a specific design condition.
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Decision Matrix: 
Design Tables 
Thirteen design tables were developed to provide an estimate 
of pavement thickness required for long life pavements. 
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Presentation Notes

And, finally there 13 design tables that fit the different conditions design options and normal design process. 

These design tables were developed to provide the user a beginning point or “ball park estimate” of what may be considered for long life pavements.  It is expected that the user will use their own design procedure to finalize the design thickness used on their project.  

The design tables were developed using M-E based design procedures. The MEPDG and PerRoad were the primary design programs used to develop the tables.  The designs were based on a single location and environment that represented average nationwide conditions. Most locations around the country will not meet those conditions, so somewhat different pavement thickness can be expected based on location etc.
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Interactive Program rePave 

A web-based application was developed to simplify the 
selection process and provide a platform for the background 
information needed to design and build long life pavements.  
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Presentation Notes

To make the guidelines usable an interactive program was developed that follows the logic and decision processes developed in the guidelines.  In one of our early meetings with an agency the led contact asked if they really needed to go through all the possible combinations if all they had was one set of conditions.  The answer was no if we developed an application that did that for them.  

The application also provides a platform to support the additional information that should be considered by an agency when they design and build a long life pavement, particularly when they do that using the existing pavement in place.
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rePave Scoping Tool 
(Interactive Program) 
A web-based, user-friendly means of walking through the 
decision making process (selection and design tables). 

A user-friendly means of navigating a large amount of 
information (required to produce long-life pavements). 
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The goal with the app was to simplify access to the wealth of guidance and information found within the various products of this work and accelerate the decision making process for agencies looking to examine their options for producing long-life pavements.  You’ll hear more about what is contained in those products from Newt later on.

In this segment, I’ll quickly give a preview to just how straightforward the app is so you know what to expect when you visit the site which we’ll provide later.  
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Step 1: Project Information 
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Presentation Notes

You will see that the program is divided into six specific steps to navigate the selection process and select an appropriate treatment for a given set of pavement types and condition. 

The first step is to enter the project general descriptions as shown in this screen shot.  In this case, I’m showing an example of the case study you’ll hear more about in this presentation from Newt.
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Step 2: Existing Section 
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Presentation Notes
The second step is to provide some basic information on the existing pavement section.  In this case we are showing a PCC pavement placed on a granular base.  If the pavement was  a composite pavement the pavement sections would show a HMA surface layer on the PCC pavement.  If it is a flexible pavement then the different HMA layers as built would be entered. In all cases the user enters the layers from the top of the section to the bottom or the pavement section.
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Step 3: Future Section 
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Presentation Notes

The third step is to add the pavement design information for the pavement renewal.  As you can see the typical design information is entered starting with the design life (30 to 50 years), the subgrade modulus, the annual ESAL loading, growth factor, AADT, numbers of lanes, and any height restrictions. Each of these input criteria are evaluated in the decision matrix to help provide recommendations to the most appropriate guidance for your section.     
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Step 4: Existing Distress 
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Presentation Notes

The fourth step is to inter the pavement distress typical of the section of pavement studied. If there are significant differences in pavement section and pavement condition within a single project the project may need to be divided into an  number of separate sections.

The distresses are indicated both for a rigid pavement and a flexible pavement.  For a flexible pavement if there is stripping in different layers that can also be indicated. For clarification when the user checks one of the distresses then a photo of that distress is indicated for clarification.
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Step 4a: Confirmation 
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Presentation Notes

Once you have entered in the information about the section you are asked to confirm the design and pavement information.  If an error in noted the user can back up to that point and correct the information.  

This step provides conformation that other distress are not present and don’t need to be considered in the selection process.  One of the early question we received by one of the people reviewing the decision matrix was, “do I need to go through each of these conditions if I only have this condition”. The answer was no as long as we put this check in the system. 
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Step 5: Renewal Options 
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Presentation Notes

Step 5 is where the user selects the design approach they want to consider.  For most pavement conditions several different approaches will work.  Where there was clear evidence that under specific conditions a design approach would not provide long life performance then those design approaches will not show up on the list.  

Once a general treatment category is selected, then a number of design approaches will be listed. The user can select a Flexible, Rigid, Precast, or Composite renewal strategy.  Note that there is a general name listed and a short description.  Within that description there are also links to either the best practices or other research reports that describe the approach in more detail. 
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Step 6: Summary 
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Presentation Notes

Once the approach is selected then a summary page is shown providing a preliminary scoped pavement and comparison to the existing pavement section.  Additionally the design details are listed to the right of the diagram.  From this screen the user can also print the design summary and accesses the applicable resources like the best practices and the guide specifications. In addition, if it is determined say that you are adding a lane or if you have height restrictions you will also find direct links to those pertinent sections of the products to help get you to the information you need quickly.
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Coming Enhancements: 
Single Sign On 
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Presentation Notes

Now that we’ve taken a sneak preview, I want to share just a couple of coming enhancements you can expect very soon.  These enhancements came about through early usage of the tool with states.

The first, is a single sign on.  Like I’m sure many of you now check your email from your mobile phone and desktop computer all using the same login, the rePave Scoping Tool app will do the same.  You can access the resources and your designs from any connected device with your login information.
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Coming enhancements: 
Organize and Share 
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Presentation Notes

Another important enhancement is the ability to organize and share the designs you create.  Once the user does that they will have access to their different files.  The file structure is set up to look and operate much line Microsoft Explorer, as you can see on this screen.

You have the ability to retrieve your information from each run that you save, but it will also allow the you to share that information with or without  edits rights with others.  
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Coming enhancements: 
Comparison feature 
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Presentation Notes

Finally, remember the situation I described earlier where you may have a project with different sections within it and you want to see how the recommendations stack up along the project?

This is where we have the comparison feature. Using this feature the user can see the different approaches for a specific project, they may have needed to divide the project into a couple of sections base on paving breaks or condition differences. In that case they can use the compare function to show the different design sections within a single project. 

I’ll now pass it back to Newt who will describe in more detail what you can find in the resources within the rePave app.
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State Pavement Assessments 

• Explain the research and results identifying and analyzing 
long life pavement renewal systems including precast 
concrete and composite pavement. 

– Discuss the identified techniques. 
– Discuss the decision making guides. 
– Discuss the interactive web tool rePave. 

• Review other resources to enhance use of design guidelines 
and what they include. 

• Discuss individual use of Guideline Specifications.  
• Present WSDOT early use experience. 
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Project Assessment Manual:  
Topics 
• Pavement Distress Surveys 
• Rut Depth and Roughness 
• NDT via FWD 
• Ground Penetrating Radar 
• Pavement Cores 
• Dynamic Cone Penetrometer 
• Subgrade Sampling and Tests 
• Traffic Loads for Design 
• Construction Productivity  

and Traffic Impacts 
• Life Cycle Assessment 
• Material Properties 
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Presentation Notes

The Project Assessment Manual describes a number of investigative process that provides the information needed to design long life pavements, particularly when it includes the use of the existing pavement.  I will highlight the section on Construction Productivity and Traffic Impacts.




SHRP2 R23 | December 2013 SHRP2 Pavement Renewal Solutions | December 2014 

Construction Productivity and  
Traffic Impacts 
• Construction Productivity. 
• Largely built around CA4PRS (Construction Analysis for 

Pavement Rehabilitation Strategies). 
• Typical CA4PRS input data summarized for:  

– Crack and seat followed by HMA overlay. 
– PCC overlay. 
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Presentation Notes

This section disuses traffic control issues related to the reconstruction or renewal of existing pavements.

It discuss a number of tools that can be used to assess traffic impacts during construction but focuses primarily on the CA4PRS program.  Typical input data for that program is summarized and production estimates were developed based on multiple CA4PRS runs.
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Construction Productivity and  
Traffic Impacts 
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Presentation Notes

This graph is one of a number of graphs that show the estimated production rate for three different traffic control scenarios, (ie lane miles constructed for a 10 hr night closure, 55 hr week end closure and a full week closure).
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Best Practices 
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Presentation Notes

As part of our tasks we were asked to provide information on the construction of the different renewal options. 

We produced two documents that describe the basic design premises for the design and construction of long life rigid and flexible pavements, as well as some of the background information that supported the long life performance of the different renewal options. Also described are some of the construction features that should be considered to help insure long life performance.
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Flexible Best Practices: 
Strategies  
• Introduction 
• HMA Renewal Strategies. 

– HMA over HMA renewal methods. 
• HMA over existing HMA pavement. 
• HMA over reclaimed HMA (recycling). 

– HMA over PCC renewal methods. 
• HMA over existing HMA-surfaced composite 

pavements. 
• HMA over crack and seated JPC pavements. 
• HMA over saw, crack-and-seat JRC pavements. 
• HMA over rubblized JPC pavements. 
• HMA over existing CRC pavements. 

34 

Presenter
Presentation Notes

Specific guidance is directed to each renewal strategy. Additionally there is a general discussion of construction issues that apply to the construction of a particular pavement type.
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HMA Overlays over Existing HMA 
Pavements 
• Criteria for Long Life Potential: 

– The surface condition is good and the structural capacity 
of the existing AC pavement is adequate for a potential 
long-life pavement. 

– There is no evidence of stripping in any of the existing 
HMA layers (determined through coring and/or GPR 
testing). 

– Proper repair and surface preparation is provided for the 
existing surface layer, and a good tack/bond coat is 
provided. 

– The existing drainage system is in good working condition, 
or adequate drainage is provided. 
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Presentation Notes
[Newt Jackson]

There is the obvious discussion about the condition of and existing pavement if it is to be used as part of the structure without treating it in some manner.  There is a clear distinction between top down and bottom up cracking and the effects of stripping or thermal cracking.  Top down cracking can be addressed by milling while bottom up cracking requires reconstruction or some form of reclamation. The flexible pavement document includes a detailed discussion of stripping and the possible causes of stripping.  These issues have to be addressed to provide long life performance.



SHRP2 R23 | December 2013 SHRP2 Pavement Renewal Solutions | December 2014 

Summary Tables  
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Presentation Notes

At the end of the document there is summary of most of the construction related  items and a connection to the specifications that should be considered to address those issues. This information is summarized in a series of tables.  These table follow from the practice described to a short statement on why that practice is important followed by typical specification requirements that control those issues.
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HMA Construction: 
Quality Control 
• Density: Dense-graded mixes ≥ 93% of TMD. 
• Segregation: Temperature variation is featured. 

Example of segregated pavement Thermal image during paving 
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Presentation Notes

Wherever possible photographs are included to better illustrate the features described.
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Rigid Best Practices: 
Strategies 
• Introduction 
• Rigid Renewal Strategies 

– Unbonded Concrete Overlays of Concrete Pavements. 
– Unbonded Concrete Overlays of HMA Pavements 
– Bonded Concrete Overlays of Concrete Pavements 
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Presentation Notes

Both flexible and rigid documents are prepared in the same format.  The rigid document is a little shorter simply because there are less issues to be addressed using the rigid strategies compared to flexible strategies. 
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Rigid Best Practices: 
Details  
• Unbonded Concrete Overlays of Concrete Pavements 

– Criteria for Long Life Potential 
– Materials Considerations 

• Cementitious Materials 
• Aggregate 
• Chemical Admixtures 

– Separator Layers 
– Other Materials 
– Design Considerations 
– Structural Design and Joint Design Considerations 
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In the rigid document there is a similar treatment of design criteria and materials consideration for long life performance.  Just like in the flexible approaches the design, materials and construction related criteria need to be sufficient to insure long life performance.
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Summary: UBO of Concrete Pavements  
and Specifications 

 

• Best Practice 
• Why this Practice? 
• Typical Specification 

Requirements 
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Again the connection between the practice and the specifications that address that particular issue are contained in a summary table at the end of the document.
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Guide Specifications 

• Introduction 
• Specifications not contained in the AASHTO Guide 

Specifications 
• Elements for AASHTO Guide Specifications 
• AASHTO and State DOT Specification Summaries 
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The resources also include guide specifications.  

The guide specifications were developed based on the AASHTO Guide Specifications.  Individual agency specifications vary widely across the US both in format naming and numbering conventions. The AASHTO Guide Specifications were used as a base on which to add additional specification elements that may be considered for long life pavements. 
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Recommended Pavement Renewal Solutions 
Specification Elements AASHTO Section 404 Tack Coat 

Source refers to 
AASHTO and State 

Specifications 
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The specifications from a number of agencies were reviewed particularly looking at what elements may contribute to long life performance.  Those elements are provided so that an agency can simply add those elements to their own specifications.  The source of those elements are also indicated so that an agency can, if they want, check or confirm the full specification form the referenced agency.    
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Pavement Renewal Solutions 
Early Use Case: WSDOT 

• WSDOT used Pavement Renewal Solutions products on a 
time sensitive project on Interstate 5 to help identify the best 
long-term renewal approach for the agency. 

– Performed Pavement Assessment. 
– Formal designs and thicknesses were comparable to that of the 

Pavement Guidelines so felt confident. 
– Used the Guide Specs to help shape specs for project. 
– Final design resulted in crack, seat, overlay over existing PCC. 
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As was indicated earlier one of the agencies we were working with used the guidelines to design and build a pavement renewal project.  In this particular case the agency compared alternatives between removing and replacing an existing pavement  or cracking and seating and overlaying the existing pavement.  Their life cycle cost analysis indicated a little more than a 25% life cycle cost advantage for the approach using the existing pavement compared to removing and replacing. This included the periodic replacement of the surface course to provide the required service life.
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State of the Practice Value: 
WSDOT 
• WSDOT used Pavement Renewal Solutions products on a 

time sensitive project on Interstate 5 to help identify the best 
long-term renewal approach for the agency. 
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“It helped us identify our renewal options, understand 
how to specify them, and define best practices for 
implementation, without stumbling through several 
weeks of analysis” 
 
Jeff Uhlmeyer  
State Pavement Engineer 

Presenter
Presentation Notes

Since this project the agency has developed a few more projects following the guidelines.  They have now completed another crack seat and overlay project on I-90, and are planning an unbonded PCC overlay on another section or I-90 next year following the guidelines. 

In all cases the approach selection was based on comparison of life cycle costs for each specific project following WSDOT pavement type selection procedures and policies.
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Precast Concrete Pavement and New 
Composite Pavement Systems Options 
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Presenter
Presentation Notes

As and addition to the phase 2 work the R23 team was asked to add precast and composite pavement options from the R054 and R21 projects to the guidelines. That work is being completed at this time and will be part of the pavement renewal solutions.
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Access all the products at: 
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www.pavementrenewal.org 

Presenter
Presentation Notes

The application is available at :  www.pavementrenewal.org
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