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“Engineers are not 
entertaining. That’s not a 
thing the last time I checked.” 

– Tracy Nowaczyk

Let’s prove her wrong over the next 
two days!

(or may be not)



Pavement Management Systems: The Impetus

Fred Finn Karl Pister Ron Hudson Ralph Haas

Images stolen from Dr. Carl Monismith’s presentation (2011)
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https://www.fhwa.dot.gov/publications/publicroads/98julaug/pavement.cfmIn 1970, FHWA and the Highway Research Board (now the Transportation Research Board) sponsored a workshop, organized at the University of Texas, to discuss structural design of asphalt concrete pavement systems. The workshop participants, probably for the first time at a national level, discussed the pros and cons of systems engineering and its potential application to pavement design and a hint of possibilities for pavement management.At this meeting, Dr. Karl Pister, a professor of civil engineering (and later dean of the College of Engineering at the University of California at Berkeley and subsequently chancellor of the University of California at Santa Cruz), described the potential benefits of systems engineering. Pister presented an approach for estimating "optimality" in the decision-making process as part of a management system. He even provided general mathematical solutions to achieve such optimality for a pavement management system. Pister did not invent systems engineering, he simply (maybe not so simply) pointed out that pavement design and pavement management were very complicated problems and that one way to handle complicated problems is through the use of systems engineering. According to Fred, this was the first time, at a national level, that people started to talk about using systems engineering as a way to address complicated issues such as managing and designing pavements.  In that same year, Ralph Haas and a co-author presented a paper to the Australian Road Research Board on “A Management System for Highway Pavements.”  The concepts of pavement management were emerging. Also in 1970, Haas and Hutchinson presented a paper to the Australian Road Research Board on "A Management System for Highway Pavements."In 1974, the Washington State Department of Transportation (DOT) implemented a project-level pavement management system with models and timing recommendations for various types of maintenance and rehabilitation actions.In 1977, Ralph Haas and Ron Hudson published the first edition of their textbook, Pavement Management Systems.In 1979, NCHRP (National Cooperative Highway Research Program) Report 215 titled Pavement Management System Development by Hudson, Haas, and Pedigo was issued and helped to establish a "how to" guide for development of PMS.From 1968 to 1980, there were a number of engineers and scientists who were convinced that a pavement management system was a good idea and were willing to push ahead. At the risk of missing some, I want to mention a few who carried both the technical and managerial banners:From academia: Haas, Hudson, and Bob Lytton.Consultants Keshavan Nair, Ram Kulkarni, and Kamal Golobi.From government: Bill Phang and Ramish Kher (province of Ontario); Oscar Lyons, Gene Morris, and George Way (Arizona DOT); John Kemp, Glen Koontz, and Norm Clark (Kansas DOT); David Miles and Dale Peterson (Utah DOT); Herb Humphries, Roger LeClerc, and Tom Nelson (Washington DOT); Dick Morgan and Frank Botelho (FHWA); and Mo Shahin (U.S. Army Corps of Engineers).After 1980, the list becomes too long to mention.In 1970, the FHWA and the Highway Research Board (which has since become the Transportation Research Board) sponsored a workshop at the University of Texas to discuss the structural design of asphalt concrete pavement systems.  According to Fred, this was the first time, at a national level, that people started to talk about using systems engineering as a way to address complicated issues such as managing and designing pavements.  In that same year, Ralph Haas and a co-author presented a paper to the Australian Road Research Board on “A Management System for Highway Pavements.”  The concepts of pavement management were emerging.  In 1972, Fred Finn was asked to speak at a meeting of the California County Road Commissioners and during that talk he hypothesized that if road engineers could predict the future performance of pavements, it would be possible to determine when maintenance and rehabilitation would be appropriate and what kinds of investments would be needed.  Another speaker on the program, Roger LeClerc (LaClar) with the Washington State Division of Highways, spoke about the rating method that Washington State was using to assess the condition of its pavements.  After the presentations, the two of them got together and agreed to use the Washington State data to develop a way to predict in-place pavement performance on a project-by-project basis, and to evaluate different maintenance strategies that would maximize long-term benefits and minimize life cycle costs.  Washington State DOT implemented its project-level pavement management system in 1974.At that time, though, needs were being evaluated on an annual project-by-project basis and not as a system or as a total road network.  And treatment options weren’t considered over a multi-year period.  A systems approach to managing a road network was considered by these early leaders to be important for a number of reasons.  First, as the era of Interstate construction was drawing to a close, highway agencies were shifting their focus from construction and to maintenance and rehabilitation needs.  Second, there was less money available for pavement maintenance so the backlog of needs was growing.  The early leaders in pavement management thought that a systems approach to managing the network would be more cost-effective than a project-by-project approach, but they didn’t have the capability and the technology to analyze a problem this complex.That changed when Fred was introduced to an individual with a background in optimization theory because that individual introduced a way to mathematically model a network-level analysis, and the first network-level pavement management systems were implemented in Arizona and Kansas. By 1977 Ralph Haas and Ron Hudson had published their first textbook on Pavement Management Systems and in 1979 they contributed to a “how to” guide on pavement management that was published by NCHRP.  Soon after, Mo Shahin was working on the development of the PAVER system and the PCI for the U.S. Army Corps of Engineers, and Bill Phang and Ramesh Kher were developing systems for the Ministry of Transportation in Ontario.  With the support of Frank Botelho at FHWA and many other individuals from academia and private industry, the contributions of the science of pavement management were beginning to be recognized. When asked to identify what influenced the success of these early pavement management systems, Fred emphasized two factors.  First, he pointed out the importance of being able to bring together people with different areas of specialization to work together to solve what was a multi-disciplinary problem.  The first pavement management systems were developed by a team that included a pavement engineer who was familiar with condition surveys, a statistician familiar with model development, someone knowledgeable in optimization theory, and a good programmer and database manager.  Fred said that a second factor that led to the success of the early pavement management systems was their ability to test their predictions in the field to build buy-in among agency personnel.  Fred said that they would go out in the field with personnel from the Districts, the Materials Office, and Maintenance to compare their project lists with the 5-year outputs from the pavement management system.  The fact that they found good correlation to what the field personnel would have suggested was a key to the acceptance of the models.



Humans and Pavement Management Systems

PMS Generations

1st Gen – Databases

2nd Gen – Databases with heuristic decision tree, 
single period B-C analysis

3rd Gen – Arizona, 1982, Multi-Year optimization, 
decision trees, Markov models

4th Gen – Web-based, enhanced optimization 
algorithms, GIS capabilities

5th Gen – Cross-asset trade-off analysis capabilities

Human Being Generations

Traditionalists or Silent: b. 1945 & before

Baby Boomers: b. 1946-1964

Gen X: b. 1965-1976

Millenials: b. 1977- 1995

Gen Z/iGen/Centennials: b. 1996-TBD

Presenter
Presentation Notes
Check spelling on millennials



We’ve Come a Long Way but…
The Best is Yet to Come!



Why? What? How?

• Why “cross-asset”? 
• Cannot operate in silos anymore

• What do you need? 
• Data!
• Performance measures
• Financials

• How do you do it?
• Mature management systems
• Analysis tools



Performance Measures
• Forward-looking
• Action-oriented
• Intuitive
• Verifiable
• Adaptable
• Easily Implementable

Are we making sound long-term decisions?



Life-Cycle 
Performance 
Measures



Consider Whole Life of Assets

• Consider longer analysis periods
• Use performance measures to monitor:

• Asset Condition
• Life-Cycle Efficiency
• Financial Sustainability
• Other Factors

• Safety
• Mobility



Remaining Service Interval (RSI) [1/2]

• Determine the lowest practical life-cycle cost strategy
• Traditional LCCA: treatment type/timing are inputs
• RSI Analysis: treatment type/timing are outputs



Remaining Service Interval (RSI) [2/2]
• Optimal Strategy: Lowest-life-cycle cost
• Sub-optimal Strategies: Higher overall life-

cycle costs; may have lower costs for 
shorter “planning periods”

• Useful in a fiscally-constrained analysis
• How to choose the best strategy?

• Prioritize based on “best value” for 
available budget

• Combination of optimal and sub-
optimal strategies, considering each 
segment in the network



Life-Cycle Measures

• Life-Cycle Cost
• Net Present Value 

(NPV)
• Annualized Cost per 

Lane-Mile
• Cost Accrual Ratio: 

Compare NPV of costs 
incurred to date/projected 
vs. NPV of lowest-life cycle 
cost strategy

Sadasivam and Mallela (2016)



Financial 
Performance 
Measures



It’s All About the Money!
• Are we investing adequately?
• Is our plan financially sustainable? 

Fan: “Steffi, will you marry me?
Ms. Graf: “How much money do you have?”

-1996 Wimbledon Ladies Semi-Final

“Share it fairly but don’t take a slice of my pie”
-Roger Waters on funding allocation issues 
b/w pavements and bridges



Asset Sustainability Index

• “Amount Budgeted” 
comes from agency’s 
financial planning 
process

• “Amount Needed” 
based on lowest life-
cycle cost approach

𝑨𝑨𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 𝑺𝑺𝑺𝑺𝒔𝒔𝒔𝒔𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝒔𝒔𝑺𝑺 𝑰𝑰𝑺𝑺𝑰𝑰𝒔𝒔𝑰𝑰 𝑨𝑨𝑺𝑺𝑰𝑰 = 𝑨𝑨𝑨𝑨𝑨𝑨𝑺𝑺𝑺𝑺𝒔𝒔 𝑩𝑩𝑺𝑺𝑰𝑰𝑩𝑩𝒔𝒔𝒔𝒔𝒔𝒔𝑰𝑰
𝑨𝑨𝑨𝑨𝑨𝑨𝑺𝑺𝑺𝑺𝒔𝒔 𝑵𝑵𝒔𝒔𝒔𝒔𝑰𝑰𝒔𝒔𝑰𝑰

FHWA (2012)



Asset Sustainability Ratio

• Are assets being renewed or 
replaced at the rate at which 
they are deteriorating?

𝑨𝑨𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 𝑺𝑺𝑺𝑺𝒔𝒔𝒔𝒔𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝒔𝒔𝑺𝑺 𝑹𝑹𝑺𝑺𝒔𝒔𝑺𝑺𝑨𝑨 𝑨𝑨𝑺𝑺𝑹𝑹 = 𝑨𝑨𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 𝑹𝑹𝒔𝒔𝑺𝑺𝒔𝒔𝑹𝑹𝑺𝑺𝑺𝑺 𝑨𝑨𝒐𝒐 𝑹𝑹𝒔𝒔𝑹𝑹𝑺𝑺𝑺𝑺𝑹𝑹𝒔𝒔𝑨𝑨𝒔𝒔𝑺𝑺𝒔𝒔 𝑬𝑬𝑰𝑰𝑹𝑹𝒔𝒔𝑺𝑺𝑰𝑰𝑺𝑺𝒔𝒔𝑺𝑺𝒐𝒐𝒔𝒔
𝑨𝑨𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 𝑽𝑽𝑺𝑺𝑺𝑺𝑺𝑺𝒔𝒔 𝑫𝑫𝒔𝒔𝑹𝑹𝒐𝒐𝒔𝒔𝑹𝑹𝑺𝑺𝑺𝑺𝒔𝒔𝑺𝑺𝑨𝑨𝑺𝑺

Australian Infrastructure Financial Management Manual (2015)



Asset Consumption Ratio

• What is the average proportion of as-built (or as new) 
condition left in the asset?

𝑨𝑨𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 𝑪𝑪𝑨𝑨𝑺𝑺𝒔𝒔𝑺𝑺𝑨𝑨𝑨𝑨𝒔𝒔𝑺𝑺𝑨𝑨𝑺𝑺 𝑹𝑹𝑺𝑺𝒔𝒔𝑺𝑺𝑨𝑨 𝑨𝑨𝑪𝑪𝑹𝑹 = 𝑫𝑫𝒔𝒔𝑹𝑹𝒐𝒐𝒔𝒔𝑹𝑹𝑺𝑺𝑺𝑺𝒔𝒔𝒔𝒔𝑰𝑰 𝑹𝑹𝒔𝒔𝑹𝑹𝑺𝑺𝑺𝑺𝑹𝑹𝒔𝒔𝑨𝑨𝒔𝒔𝑺𝑺𝒔𝒔 𝑪𝑪𝑨𝑨𝒔𝒔𝒔𝒔
𝑪𝑪𝑺𝑺𝒐𝒐𝒐𝒐𝒔𝒔𝑺𝑺𝒔𝒔 𝑹𝑹𝒔𝒔𝑹𝑹𝑺𝑺𝑺𝑺𝑹𝑹𝒔𝒔𝑨𝑨𝒔𝒔𝑺𝑺𝒔𝒔 𝑪𝑪𝑨𝑨𝒔𝒔𝒔𝒔

Australian Infrastructure Financial Management Manual (2015)
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Backlog Reduction Ratio
• Monitor and track amount of 

backlog addressed during any 
fiscal period

• Challenges:
• How do we define “backlog”?
• What’s an acceptable level of 

“backlog”?



Next-Gen Asset 
Management 
Implementation



Implementing a Comprehensive TAMP

Asset 
Management 

Implementation

Condition 
Measures

Life-Cycle 
Measures

Financial 
Measures



On-going FHWA Project

• Phase II of FHWA project on next-
generation performance measures 
and asset management 

• Idaho Transportation Department 
selected as first pilot state

• Effort kicked-off Summer 2019
• Project Team:

• FHWA COR: Siva
• APTech, Paul Thompson, Iowa 

State
• ITD Pilot Lead: Jim Poorbaugh



Thank You! 
Prashant Ram

pram@appliedpavement.com
Applied Pavement Technology, Inc. 
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