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What Can I Learn from This Presentation?
• What is life-cycle cost analysis (LCCA) 
and how can it help highway agencies?

• What are the steps in the pavement LCCA 
process?

• What are some tools available to conduct 
LCCA?

• Where can I find more information on 
LCCA?
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Presenter
Presentation Notes
Key Message: Key takeaways from this presentation are shown.Speaker Notes: Some of the key topics covered in this presentation include the following:What is life-cycle cost analysis and how can it help highway agencies?What are the key steps in a pavement LCCA?What are some tools available to conduct an LCCA for pavements?Where can I find more information on LCCA?Background Information: These topics are discussed in detail in Chapter 10 of the sustainable pavements reference document (http://www.fhwa.dot.gov/pavement/sustainability/ref_doc.cfm)Some key LCCA references are shown below:Federal Highway Administration (FHWA). 2002. Life-Cycle Cost Analysis Primer. FHWA-IF- 02-047. Federal Highway Administration, Washington, DC. Federal Highway Administration (FHWA). 2004. Life-Cycle Cost Analysis: RealCost User Manual. RealCost Version 2.1. Federal Highway Administration, Washington, DC. Federal Highway Administration (FHWA). 2010. Life-Cycle Cost Analysis: RealCost User Manual. RealCost Version 2.5. Federal Highway Administration, Washington, DC.Federal Highway Administration (FHWA). 2013. Improving Transportation Investment Decisions through Life-Cycle Cost Analysis. Federal Highway Administration, Washington, DC. National Highway Institute (NHI). 2008. Fundamentals of Life-Cycle Cost Analysis – NHI Course No. 13113. Participant Workbook. FHWA-NHI-09-024. National Highway Institute, Arlington, VA. 



FHWA 
SUSTAINABLE PAVEMENTS 
PROGRAM
Program and Products
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Presenter
Presentation Notes
The next few slides highlight the Sustainable Pavements Program and some of the products developed.



Vision and Mission
• To advance the knowledge and practice of 
designing, constructing, and maintaining 
more sustainable pavement through:
−Stakeholder engagement
−Education
−Development of guidance and tools
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Presenter
Presentation Notes
Key Message: Slide shows the vision and mission statement for the Sustainable Pavements Program THE SUSTAINABE PAVEMENTS PROGRAMS BEGUN IN 2010 WITH ITS MAIN FOCUS, TO GET STATEKEHOLDER ENGAGEMENT (FROM ACADEMIA, INDUSTRY, AND STATE DOTS/LPAS) TO EDUCATE AND DEVELOP GUIDANCE AND TOOLS TO TO ADVANCE THE KNOWLEDGE AND PRACTICE. Speaker Notes:Read through slideBackground Information: None



WHAT IS 
LIFE-CYCLE COST 

ANALYSIS (LCCA)?
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LCCA

Presenter
Presentation Notes
This section presents some fundamentals on LCCA.



What Is LCCA?
•Analytical tool to provide cost 
comparisons between two or more 
competing alternatives on a project

•Alternatives are assumed to produce 
equivalent benefits

•For pavements, LCCA considers
−Direct agency costs 
−User costs
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Presenter
Presentation Notes
Key Message: LCCA is an analytical tool to provide cost comparisons between competing design alternatives.  It is assumed that each alternative provides the same benefits (e.g., performance).Speaker Notes: Read through the bullets shown on the slide.Background Information: By considering all of the costs—agency and user—incurred during the service life of an asset, this analytical process helps transportation officials to select the lowest cost option.Definition from FHWA-NHI-131113, Fundamentals of Life Cycle Cost Analysis



What Are the Benefits of Conducting LCCA?
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• Reduced 
pavement life-
cycle costs and 
impact to users

• Reduced energy
• Reduced noise
• Improved air 

quality

• Improved safety
• Improved ride
• Conservation of 

resources

Primary LCCA 
Benefit

LCCA  can be used with Life Cycle Assessment 
(LCA) and Sustainability Rating Systems to 

improve environmental and social performance

Presenter
Presentation Notes
Key Message: LCCA can be used as a tool to help reduce pavement life-cycle costs and impacts to road users.Speaker Notes: This slide highlights some benefits of LCCA.There is a unique opportunity to improve the sustainability of pavement structures with the potential to deliver tremendous environmental, social, and economic benefits. With regard to those components, listed below are just a few examples of how pavements can impact sustainability:Economic: construction, maintenance, and rehabilitation costs; vehicle operating costs; crash costsEnvironmental component: energy consumption; GHG emissions; noise; air quality; stormwater treatment. Social component: safety (fatalities, injuries, property damage); smoothness; vehicle operating costs; GHG emissions; access, mobility; aesthetics. Background Information: The current timing is such that transportation agencies and the general public alike are demanding increased consideration of sustainability principles and practices. This evolution in the role that transportation plays in society is well summarized as follows (AASHTO 2009): “Transportation’s mission is no longer about just moving people and goods. It’s much broader. Transportation fundamentally allows us to achieve economic, social, and environmental sustainability. Transportation supports and enhances our quality of life. As state transportation professionals, we need to model the way toward achieving a sustainable future…Sustainable transportation requires innovative approaches and partnerships like never before. “American Association of State Highway and Transportation Officials (AASHTO). 2009. “Transportation and Sustainability Best Practices Background.” Sustainability Peer Exchange – Center for Environmental Excellence. American Association of State Highway and Transportation Officials, Washington, DC. 



How Can LCCA Help Highway Agencies? 
• Comparing materials for pavements
• Comparing maintenance, preservation, and 
rehabilitation strategies

• Comparing construction work zone effects
• Comparing alternative bids
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• LCCA helps identify opportunities to reduce agency and 
user costs throughout the pavement life cycle

• LCCA helps inform and guide decision-making for policy,
planning, or design

Presenter
Presentation Notes
Key Message: LCCA can help highway agencies in making pavement design decisions.Speaker Notes: Read through the bullets shown on the slide.Background Information: LCCA is a transparent and widely accepted methodology that can help in identifying the best pavement design alternative 



WHAT ARE THE STEPS 
IN THE PAVEMENT LCCA 
PROCESS?
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Presenter
Presentation Notes
The key steps in the pavement LCCA process are discussed in the next few slides.



Before the 
LCCA Process

Prepare 
Alternatives

Determine 
Preferred 
Alternative

Structured Approach to Pavement LCCA
• Step 0: Get Organized
−Establish LCCA framework and 
when to apply
−Establish project scope

• Step 1: Establish alternatives
• Step 2: Determine activity timing
• Step 3: Estimate costs
Step 4: Compute life-cycle costs

• Step 5: Analyze results
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Presenter
Presentation Notes
Key Message: The steps in the LCCA process are presented on this slide.Speaker Notes: Read through the steps shown on the slide, and each will be discussed in more detail.Background Information: None.



Step 0: Establish LCCA Framework
• Select analysis period
−Same for all alternatives being considered
−Long enough to include at least one major 
rehabilitation activity
−Not to be confused with design life

• Determine how inflation will be addressed
• Establish discount rate to be used
• Establish economic analysis indicator
−Net Present Value (NPV)
−Equivalent Uniform Annual Cost (EUAC)
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Presenter
Presentation Notes
Key Message: Before any type of analysis can begin, the LCCA framework should first be established.Speaker Notes: Read through the bullets shown on the slide.Concept of discounting and inflation is discussed on the next slide, with more detailed information found in LCCA Presentation 5b.NPV and EUAC are discussed after Step 4.Background Information: None.



Discount Rate 
• Time value of money, accounting for:
−Interest Rate, or cost of borrowing or value 
of investing money 
−Inflation Rate, or the change in price levels 
over time

• Allows users to input constant (today’s) 
dollars in the analysis
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Discount Rate = Real Interest Rate =
Nominal Interest Rate − Inflation

1 + Inflation

Presenter
Presentation Notes
Key Message: The discount rate represents the time value of money to reflect the impacts of interest and inflation.Speaker Notes:Read through the bullets. The discount rate represents the time value of money.  It is approximately the simple difference between the nominal interest rate and the inflation rate, but more accurately is computed with the equation shown on the slide. All rates in the equation are expressed in decimal form … for example, 5% nominal interest and 2% inflation yields [(0.05 – 0.03)/1.03] = 0.0194 or 1.94% discount rate.Treasury bills are often used as for the interest rate, whereas the consumer price index is often used as the indicator for inflation.  Selected value can have a significant impact on LCCAHigher rates provide greater reductions in present value of future costsZero rate gives equal value to present and future costsNegative rates increase present value of future costs above current costsBackground Information: None.



Discount Rate: Selection
• Use a “real” (inflation-adjusted) discount 
rate reflective of long-term historical trends

• Use long-term Real Interest Rates, are 
based on Treasury Bill yields and forecast 
inflation

• Selected as part of LCCA policy framework

13

Circular A-94 
Appendix C
Rev. Nov. 2017

Real Interest Rates on Treasury Notes and Bonds
of Specified Maturities (in percent)

3-Yr 5-Yr 7-Yr 10-Yr 20-Yr 30-Yr

-0.8 -0.6 -0.3 -0.1 0.2 0.6

Presenter
Presentation Notes
Key Message: Use an inflation-adjusted discount rate that accurately reflects agency interest rates and expected inflation.  Speaker Notes:- Select a “real” (inflation-adjusted) discount rate that properly reflects appropriate interest and inflation rates over the time frame being considered in the analysis.- FHWA recommendation: Use long-term Real Interest Rates from OMB Circular A-94, Appendix C, which are based on Treasury Bill yields and forecast inflationBackground Information: Circular A-94, appendix C available at:https://www.federalregister.gov/documents/2018/02/08/2018-02520/discount-rates-for-cost-effectiveness-analysis-of-federal-programs



Step 0: Determine Project Scope
• Roadway geometry
• Traffic data
• Agency and user cost data
• Pavement treatment service life data
• Design alternatives under consideration
−Examples: 
Flexible vs. Rigid
Reconstruction vs. Rehabilitation
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Presenter
Presentation Notes
Key Message: Once the LCCA framework has been established, project scope needs to be determined.Speaker Notes: Read through the bullets shown on the slide.Background Information: None.



LCAA Inputs
• Analysis period
• Roadway geometry 
• Timing, performance, and cost of each 
activity

• Discount rate
• Traffic data
• Construction work zone inputs
• User cost inputs
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Presenter
Presentation Notes
Key Message: The key LCCA inputs are presented on this slide.Speaker Notes: Read through the bullets.Sample project-level data for LCCA is shown below.  Can make a quick mention of this.Specific roadway geometryNumber of lanes in each directionlane widthsWork zone lengthsTraffic dataAADTAnnual traffic growthPercent trucksHourly traffic distributionsLane capacitiesQueue Dissipation capacitiesUser Cost DataVehicle Operating Cost ratesAdded vehicle operating cost and timeValue of user time delay (passenger cars, single unit, comb. unit)Agency costService life Structural FunctionalWork zone Activity durationHours of operationCapacitiesSpeedsBackground Information: None.



Step 1: Establish Design Alternatives
• Identify range of possible alternatives
• Consider at least two alternatives that 
satisfy the performance objective being 
sought
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Image Source: Pixabay

Presenter
Presentation Notes
Key Message: The first step in the LCCA process is to establish the design alternatives to be compared.Speaker Notes: Read through the bullets shown on the slide.Background Information: None.



Step 2: Determine Activity Timing
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• Define schedule of initial and future 
activities (e.g., maintenance, rehabilitation)
−Year of occurrence
−Performance life

• Consider data from pavement management 
systems (PMS) for:
−Activity timings
−Treatment service lives

Presenter
Presentation Notes
Key Message: The second step in the LCCA process is to determine the schedule of initial and future activities over the established analysis period.Speaker Notes: Read through the bullets shown on the slide.Background Information: None.



Step 3: Estimate Costs
• Estimate agency and work zone user costs for 
each activity over the selected analysis period
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Presenter
Presentation Notes
Key Message: Once activity timings have been established, Step 3 involves estimation of agency and work zone user costs.Speaker Notes: Describe the graphic shown on the slide.  Make a clear distinction between agency and user costs.Background Information: None.



Work Zone User Costs
• Costs borne by road users due to presence 
of construction work zones

• Can be important in decision-making 
process

• Monetized in terms of:
−Vehicle operating costs
−Delay costs
−Crash costs (not typically considered)

• Typically analyzed separately from agency 
costs 
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Presenter
Presentation Notes
Key Message: It is important to consider work zone user costs as part of an LCCA.Speaker Notes:There are a number of user costs that can be considered in an LCCA.  For purposes of LCCA, only vehicle operating costs and user delay costs are typically considered. Crash costs are generally not considered in LCCA.It is generally accepted that user costs should be evaluated and considered separately from agency costs because:Estimates of user costs vary widely, depending on the cost estimation scheme selection and the specific project being considered.Management of agency budgets is an important aspect of agency function and user costs do not directly debit agency budgets.Computed user costs on some projects (using certain cost estimate approaches) can swamp the decision-making process and lead to the selection of impractical or unaffordable options.FHWA recommends that user costs be computed and analyzed separately from direct agency costs.  Another alternative would be to include all costs in the same LCCA, but weight user costs differently (typically less) than agency costs.Background Information: None.



Step 4: Compute Life-Cycle Costs
• Calculate total agency & user life-cycle costs
−Convert cost to present dollars through 
“discounting”
−Sum all discounted costs to produce a net 
present value (NPV)
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Presenter
Presentation Notes
Key Message:  All costs must be converted into equivalent dollars in order for meaningful comparisons to be made.Speaker Notes: After the activities and their timing are defined, the next step is to combine all of the costs to equivalent dollars in order to make a valid comparison.  This is accomplished by converting all costs into “present worth” values through a process known as “discounting” that uses a “discount rate” in a mathematical computation (discussed in more detail in PPT 5b, refer to the simpler explanation shown earlier).The top figure shows the timing and magnitude of all anticipated costs (and salvage or remaining service life value) for a particular construction or rehabilitation option.The bottom figure shows the equivalent cash flow consisting of a single net present value (cost) at time t = 0 (now, in current dollars).This process is repeated for all considered design, construction or rehab options and results for each option can be compared against all others.This approach assumes that all considered alternatives have similar benefits (performance characteristics) and identical analysis periods, but these issues can be addressed as described in the next slides.Background Information: None.



What if Design Lives Differ?
• Option 1: Increase analysis period to the 
longest design life alternative 
−Add additional rehab or reconstruction to 
the shorter design life alternative 
−Include remaining value at the end of 
analysis period
Removes economic bias between 
alternatives
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Presenter
Presentation Notes
Key Message: If design lives between alternatives, differ, one approach to address this is to increase the analysis period to the longest design life alternative.Speaker Notes: Read through the bullets.Concept of remaining value is discussed in further detail in presentation 5b.Background Information: None.



What if Design Lives Differ?
• Option 2: Compute equivalent uniform annual 
cost (EUAC) for each alternative 
Implies that strategies are repeated at end of 
analysis period
Note: This approach may favor short-term fixes
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Presenter
Presentation Notes
Key Message: Another approach of handling design life differences is shown on this slide.Speaker Notes:Step 1: Determine the present value of each option.Step 2: Determine the value of each payment in a series of uniform payments that has the same present value as computed in the previous step and then convert that to EUAC using a capitol recovery factor that corresponds to the selected discount rate and the length of the analysis period.Step 3: Compare EUAC values between considered alternatives.Note: For any given strategy, EUAC implies that the strategy will be performed again at the end of the current analysis period.Background Information: None.



Step 5: Analyze Results
• Compare alternatives using common metric 
such as NPV or EUAC
−How do agency and user costs compare?
−What trade-offs should be considered?
−Can work zone strategies be changed to 
reduce user costs?

• Determine most influential parameters affecting 
outcomes (i.e., what drives the results)?
−Sensitivity analysis
−Probabilistic LCCA

23

Presenter
Presentation Notes
Key Message: The final step in the LCCA process is to analyze the results and develop recommendations.Speaker Notes: Read through the bullets.Background Information: None.



LCCA Caveats

• Accuracy and 
usefulness are limited 
by quality of inputs
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• Most important factors:
−Reasonable estimates of activity timing
−Reasonable estimates of activity costs

• There are many additional considerations

Garbage In = Garbage Out

Image Source: Pixabay

Presenter
Presentation Notes
Key Message: LCCA outputs are only as good as the inputs used. Speaker Notes:The LCCA results are largely dependent on the quality of the inputs used in the analysis, including the activity timing and activity costs.  The need for accurate estimates of activity timing implies the need for good pavement performance and deterioration models that are calibrated to local conditions. Other factors also come into play, including the selection of a discount rate for the analysis, the selection of the analysis period, the treatment of residual value (either remaining service life value or salvage value), the allocation of salvage value (if used), the calculation and consideration of user costs (if used), and more.  Some of these issues are addressed in the next section of this presentation and all are discussed in the references cited in the Sustainable Pavements Reference Guide.Emphasize that few decisions are based solely on economic considerations – risk, available budget, and many environmental and societal factors generally play a role in identifying the preferred alternative. As is noted in the FHWA LCCA Primer, “LCCA provides critical information to the overall decision-making process, but not the final answer.”Background Information: More details provided in Chapter 10 of Sustainable Pavements Reference Document.



WHAT ARE SOME TOOLS 
AVAILABLE TO CONDUCT 
LCCA?
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Presenter
Presentation Notes
Some tools to conduct LCCA are discussed in this section.



Basic LCCA Tools
• Many simple LCCA tools are available
−Spreadsheets
−Hand calculations

• Many SHAs have developed their own 
LCCA software (usually deterministic)

• FHWA’s RealCost software
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Image Source: Pixabay

Presenter
Presentation Notes
Key Message: Many LCCA tools are available.Speaker Notes: Basic LCCA calculations are simple and can be done by hand or using a spreadsheet. Many agencies and consultants have developed their own software that reflect locally agreed-upon inputs and policies to ensure uniform application incorporating local unit cost, discount rate, maintenance cycle, other standard information and little flexibility to help ensure uniform application by staff and consultants.The FHWA’s RealCost program is available for LCCA computations (including probabilistic).  Background Information: None.



FHWA RealCost Software

• Widely accepted 
and adopted LCCA 
tool for pavements 
(in the U.S.)
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https://www.fhwa.dot.gov/infrastructure/asstmgmt/lccasoft.cfm

Presenter
Presentation Notes
Key Message: FHWA RealCost Software is a widely accepted and adopted pavement LCCA tool in the U.S.Speaker Notes: The program is Microsoft Excel-based but has a front end menu to help users in applying the tool.  It is available free of charge from the FHWA web pageBackground Information: Be familiar with the software capabilities, functions and applications.

https://www.fhwa.dot.gov/infrastructure/asstmgmt/lccasoft.cfm


FHWA RealCost Software: Capabilities
• LCCA using both deterministic and 
probabilistic approaches

• Computes LCC for agency and work zone 
user costs for new construction, M&R

• Comprehensive economic analysis tool to 
aid in decision-making processes
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Presenter
Presentation Notes
Key Message: RealCost is a full-functioning, widely adopted LCCA package that is useful in decision-making processes.Speaker Notes:LCCA using both deterministic and probabilistic approachesComputes LCC for agency and work zone user costs for new construction, M&RRequires input of agency costs and service lives/timing for individual activitiesComprehensive economic analysis tool to aid in decision-making processes.Background Information: Be familiar with the software capabilities, functions and applications.



WHERE CAN I FIND MORE 
INFORMATION ON LCCA?
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Presenter
Presentation Notes
Links to some FHWA resources on pavement LCCA are provided.



Available Resources and Tools
• FHWA LCCA Technical Bulletin
• FHWA RealCost Tool
• FHWA LCCA Primer
• FHWA LCCA Factsheet
• FHWA LCCA Webpage
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Presenter
Presentation Notes
Key Message: FHWA resources on pavement LCCA are shown on this slide.Speaker Notes:Mention the various resources shown on the slide.Background Information: None

https://www.fhwa.dot.gov/infrastructure/asstmgmt/013017.pdf
https://www.fhwa.dot.gov/infrastructure/asstmgmt/lccasoft.cfm
https://www.fhwa.dot.gov/asset/lcca/010621.pdf
https://www.fhwa.dot.gov/infrastructure/asstmgmt/lccafact.cfm
https://www.fhwa.dot.gov/infrastructure/asstmgmt/lcca.cfm


SUMMARY
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Presenter
Presentation Notes
Some closing remarks on LCCA fundamentals.



Key Takeaways
• Economic impact is an important 
component of pavement sustainability

• LCCA is a well-established process for 
assessing and comparing the monetarily 
quantifiable aspects of competing 
pavement design and rehab alternatives

• LCCA should be used with appropriate 
inputs

• RealCost is a pavement LCCA tool 
available.
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Presenter
Presentation Notes
Key Message: Summarize main takeaways from the presentation.Speaker Notes:Economic impact is an important component of pavement sustainability and can be determined using established LCCA processes.  However, note that LCCA, like any other computational process, can be manipulated to provide support for specific decisions; that practice should be discouraged in favor of true investigative or assessment techniques.Note that agency input values (even “standard” inputs) should be evaluated frequently and updated as necessary to reflect the latest information on interest rates, observed service lives and performance periods, changes in costs with changes in policies, specifications and equipment, etc.Background Information: None.



Example Products
• Guide Documents:
−Towards Sustainable Pavement Systems
−Pavement Life Cycle Assessment Framework

• Tech Briefs on:
−Pavement Sustainability
−Life Cycle Assessment
− Improving Resiliency of Pavement Systems
−Strategies for Improving Sustainability of 

Asphalt/Concrete Pavements
• Webinar series on pavement sustainability
• Sustainable Pavements Program Road Map
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Presenter
Presentation Notes
Key Message: The SPP has produced a number of products useful to pavement practitioners, as listed hereSpeaker Notes:Read through slideAll the products can be accessed through the program’s website: https://www.fhwa.dot.gov/pavement/sustainability/ Background Information: Additional products are in the works, including case study documents on sustainable pavement practices and an environmental impact assessment tool.

https://www.fhwa.dot.gov/pavement/sustainability/ref_doc.cfm
https://www.fhwa.dot.gov/pavement/pub_details.cfm?id=998
https://www.fhwa.dot.gov/pavement/sustainability/techtrans.cfm#brief
https://www.fhwa.dot.gov/pavement/sustainability/webinars.cfm
https://www.fhwa.dot.gov/pavement/sustainability/hif17029.pdf


To Learn More:
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Presenter
Presentation Notes
(External):Key Message: A series of presentations is available from FHWA for outreach on pavement sustainability related topics.Speaker Script: Read through the bullets on the slide.Background Information: NoneSeries of presentations on various topics related to pavement sustainability based on products developed under FHWA’s Sustainable Pavements Programhttps://www.fhwa.dot.gov/pavement/sustainability/ http://surveys.appliedpavement.com/s3/SP-Webinars-Registration



For More Information
• FHWA Sustainable Pavements Website
−www.fhwa.dot.gov/pavement/sustainability

• FHWA Contacts:
−Heather Dylla (Heather.Dylla@dot.gov)
−LaToya Johnson (LaToya.Johnson@dot.gov)
−Monica Jurado (Monica.Jurado@dot.gov )
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Presenter
Presentation Notes
Key Message: More information on the SPP can be obtained hereSpeaker Notes:Read through slideBackground Information: None

http://www.fhwa.dot.gov/pavement/sustainability
mailto:Heather.Dylla@dot.gov
mailto:LaToya.Johnson@dot.gov
mailto:Monica.Jurado@dot.gov


Monica Jurado
FHWA Office of Technical Support, 
Resource Center
Monica.Jurado@dot.gov

http://www.fhwa.dot.gov/pavement/sustainability
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In 2014 Ms. Jurado joined the Resource Center Pavement 
and Materials team, as the RC representative of the FHWA 
Sustainable Pavements Program and the Nondestructive 
Testing and Evaluation Program.  

http://www.fhwa.dot.gov/pavement/sustainability
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