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	1. #PWX2023
Improving the
Resilience of
Asphalt  Pavements
 


	2. Identify the tools  available to incorporate resilience into asphalt pavement
design, construction, and maintenance.
Identify the factors that led to successful natural disaster responses for
roadway infrastructure in different communities and environmental
conditions.
Understand the unexpected challenges and obstacles that should be
considered beforehand to enable the production and placement of asphalt
pavement following a natural disaster.
 




	5. Acknowledgement
• The slides  and concepts of this presentation
were developed for the Asphalt Pavement
Alliance (APA) by:
– Benjamin F. Bowers, PhD, PE
• Assistant Professor
• Auburn University
• bfbowers@auburn.edu
 


	6. Asphalt Pavement Alliance
Establish  asphalt pavement as the preferred choice for
quality, performance and the environment.
 


	7. CalAPA Strategic PLAN
•  Promoting
• Learning
• Advocating
• Networking
 


	8. The importance of  what we’re talking about today…
I-40 - https://www.newsobserver.com/news/weather-news/article234964002.html | Hurricane Michael - https://www.cnn.com/2018/10/09/weather/hurricane-michael-stats-superlatives-wxc-
trnd/index.html | Bridge - Dr. Jose Vasconcelos, Auburn University; Hurricane Sally – NOAA | Landslide – Dr. Jack Montgomery, Auburn University
 


	9. [resilience] defined
[resilience] “the  ability to plan, prepare for,
mitigate, and adapt to changing conditions from
hazards to enable rapid recovery of physical,
social, economic, and ecological
infrastructure…”
- ASCE Policy Statement 518
 


	10. [resilience] defined
[resilience] “the  ability to anticipate, prepare for,
and adapt to changing conditions and
withstand, respond to, and recover rapidly from
disruptions”
- FHWA Order 5520 (2014)
 


	11. [adaptation] defined
[adaptation] “Adjustment  in natural or human
systems in anticipation of or response to a
changing environment in a way that effectively
uses beneficial opportunities or reduces
negative effects.”
- FHWA Order 5520 (2014)
 


	12. The need for  resilience
 


	13. Difference between sustainability  and
resilience
“…resilience concerns the capacity of an urban system – including its natural,
built, social and economic elements – to manage change, learn from difficult
situations and be in a position to rebound after experiencing significant stress
or shock, while sustainability questions weather or not certain aspects of our
daily activities, and the systems in which they operate, can be continued
indefinitely into the future, again from a social, economic, and environmental
perspective.”
- Newton and Doherty (2014)
Newton and Doherty (2014). “Resilient Sustainable Cities: A Future.” Routledge, Taylor & Francis Group, New York, NY.
 


	14. Resilience is not  sustainability
Bowers and Gu (2021) “Resilient Asphalt Pavements: Industry Solutions for the Resilience Goal”, NAPA SIP 105
 


	15. While resilient solutions  may or may not be
sustainable… a sustainable system should
be resilient.
 


	16. What effect might  this have on pavements?
– Flood inundation and rising groundwater tables
leading to premature pavement deterioration
– Extreme temperatures lead to rutting, cracking,
buckling
– Destruction of materials production plants due to a
climate event/disruption
– Rerouting of trucks or demolition removal damaging
pavements after the disruption [cascading event]
 


	17. To be resilient  we need to…
• Understand our vulnerabilities
• Where are the weak points in your asset or system?
• How might these be impacted by an event like a natural
disaster?
• Assess the risks
• What level of risk can you assume?
• What are the consequences?
• Adapt
• Use tools to adapt the system from its original design to
account for the resilient needs
 


	18. [adaptation]
• We need  to adapt to changing conditions
• Temperature swings [record highs/lows and rapid changes]
• Wildfires
• Hurricanes
• Major non-tropical precipitation events
• Tornados
• Sea level rise
• Drought
• Earthquakes
 


	19. Four adaptation “philosophies”
1
2  Adaptation through modification
WHAT IS IT? This is when we adapt our pavement as it is,
perhaps not completely hardening the system, but giving it a
higher probability of surviving the disruption.
4 Abandonment
WHAT IS IT? This is when we take an honest look at the situation
and decide that it makes more financial sense to completely
abandon the route.
3
WHAT IS IT? This is when we accept that we will have a
complete failure, account for the risk, and plan for funds to
be made available to address the problem.
Accepting and planning
Maximized Hardening / Protection
WHAT IS IT? This is when we strengthen, rebuild, or protect
our pavement to withstand any probable event the
pavement might subjected to, eliminating or nearly
eliminating disruption potential.
 


	20. Maximized Hardening /  Protection
 


	21. Maximized Hardening /  Protection
• “Hardening refers to physically changing the infrastructure to make it less
susceptible to damage from extreme wind, flooding, or flying debris.
Hardening improves the durability and stability of energy infrastructure,
making it better able to withstand the impacts of hurricanes and weather
events without sustaining major damage”. - US Department of Energy
(2010)
• This may take many forms:
– Build protective structures
– Elevate the system
– Build perpetual asphalt pavement systems
– Stabilize the base of the pavement
 


	22. Example: Iowa [flooding]
•  Missouri River flooding
– March 2019
– May 2019
• Rapid snowmelt and heavy
rainfall
• 2nd 500-year flood in 10yrs
• Undermined the shoulders
and in some cases the
pavement structure
Credit: Bill Rosener formerly of Asphalt Pavement Association of Iowa and Scott Schram of Iowa DOT
 


	23. Credit: Bill Rosener,  Asphalt Pavement Association of Iowa
 


	24. What happened? Solution?
•  Iowa DOT noted that road closure = $200,000 / day in
user costs
• Pavement section (2011) faired well in first 2019 flood
• so alternate design/build reflected that section
– Flexible section designed to be structural equivalent
– Used PerRoad perpetual (or “long life”) pavement design
software to determine asphalt thickness
 


	25. Adaptation through modification
  


	26. Adaptation through modification
•  We may not be able to afford reconstructing or building new
pavements / protective structures that are hardened, but we
can make changes help withstand disruptions
• This may take many forms:
– Use of climate adaptable materials in future maintenance
treatments
– Addition of Nature Based Solutions along the route
– Innovative site-specific additions to slow/prevent future deterioration
[e.g., drainage addition]
 


	27. Example: Back to  Iowa!
• Undermining became an obvious challenge
• This was despite the fact that there were
guards in place, though they were still under
construction in some places [rightmost picture]
Credit: Bill Rosener, Asphalt Pavement Association of Iowa
 


	28. Credit: Bill Rosener,  Asphalt Pavement Association of Iowa
• To prevent future issues, contractor paved
an extra shoulder width
• Asphalt wedge also placed over erosion mat
to help ensure it stays in place
• Underdrains installed at edge of mainline
[note: Not at edge of shoulder]
Asphalt Wedge
Credit: Bill Rosener, Asphalt Pavement Association of Iowa
 


	29. Accepting and Planning
  


	30. Accepting and planning
•  Accept the RISK!
– Failure is imminent
– Focus on recovery planning
• The Recovery Plan:
– Understanding routes risk and prioritizing them in accordance with
appropriate resilient approaches
– Developing a coordinated plan within the agency / industry
regarding details of a response – a process.
– Putting in place rapid funding & contracting options for rapid
response
 


	31. Example: Alaska
• Alaska  experiences many extremes…
– Temperature
– Water [Snow & Flooding]
– Earthquakes
• 2018 Alaska Earthquake:
Magnitude 7.0
Credit: Amanda Gilliland, The Transtec Group | Mahear Abou Eid, Alaska DOT
 


	32. Example: Alaska
• Response  time
was only 4-days –
repairs within
hours
• DOT was writing
contract as the
contractors
worked
• Time + Materials
based on normal
times/materials
data
Credit: Amanda Gilliland, The Transtec Group | Mahear Abou Eid, Alaska DOT | Photos: Knik Construction
 


	33. Abandonment
  


	34. Abandonment
• The most  fiscally responsible thing abandon the
route all together
• This may take many forms:
– Complete abandonment, ultimately forcing the
community to relocate
– Abandonment of the route and re-routing around the
area of disruption
 


	35. Community Risk: Sea  Level Rise
• Honoapiilani Highway serves
20,000+ residents in West
Maui
• Hardening the shoreline
would damage marine habitat
• Relocation to be funded by
Federal RAISE grants
Source: Joseph Shacat, NAPA and http://seagrant.soest.hawaii.edu/coastal-and-climate-science-and-resilience/ccs-projects/building-resilience-to-coastal-
hazards-and-climate-change-in-hawaii/
 


	36. Community Risk: Sea  Level Rise
Source: https://mtc.ca.gov/news/caltrans-completes-devils-slide-tunnel-construction-0
• California Hwy 1 – Pacifica to Half
Moon Bay (1937)
• Rockslides closures = $$$$
Repairs + Time (45-mile detour)
• Solution:
– Abandon 1.2-mile stretch
– Replace with 2 tunnels ($439
million)
 


	37. So, what can  we do?
 


	38. What tools do  we already have?
 


	39. Inundation Problem
Credit: NOAA  Sea Level Rise Viewer - https://coast.noaa.gov/slr/ (Accessed Feb2022)
• Carolina Beach, NC
• Effect of sea level rise – 3 ft
• Can be used to look at storm
surge impacts
• What solutions might we be
able to use here?
The Inundation Problem [coastal]
3 ft of sea level rise
Equivalent storm surge
 


	40. Inundation Problem
Credit: NOAA  Sea Level Rise Viewer - https://coast.noaa.gov/slr/ (Accessed Feb2022)
The Inundation Problem [coastal]
3 ft of sea level rise
Equivalent storm surge
• Max Hardening / Armoring –
Rebuild as perpetual
pavement
• Adaptation through
modification – Full Depth
Reclamation with asphalt
overlay
• Accepting and planning -
Rapid reconstruction
 


	41. What tools do  we already have?
 


	42. What is a  “natural or nature-based feature”?
• “Use natural materials and processes
to reduce erosion, wave damage,
and flood risks”1
• Examples include conservation,
restoration, or construction of:
– Beaches
– Dunes
– Marsh
– Mangrove
– Maritime forests
– Reefs
1Nature-Based Solutions for Coastal Highway Resilience: An Implementation Guide, Webb et al., FHWA-HEP-19-042 | Living shoreline credit: NOAA
https://www.habitatblueprint.noaa.gov/living-shorelines/
 


	43. • Part of  NOAA ESLR funded research project
• Investigating benefits of NNBF: Dunes, beach nourishment, etc.
• 5 feet of Sea Level Rise = Hurricane Sally Storm Surge
Fort Morgan Peninsula, AL
Research Site
Research Site
 


	44. Want to learn  more?
• Resilient Asphalt Pavements:
Industry Solutions for Resilience
Goal – NAPA SUP 105
Search online or download here:
https://member.asphaltpavement.org/Shop/Product-
Catalog/Product-Details?productid=%7b6399F00E-2392-
EB11-B1AC-000D3A9A6645%7d
• Asphalt Pavement: A Critically
Important Aspect of
Infrastructure Resiliency –
NCAT Report 21-02
Search online or download here:
https://eng.auburn.edu/research/centers/ncat/files/te
chnical-reports/rep21-02.pdf
 


	45. Benjamin F. Bowers,  PhD, PE
Assistant Professor
Auburn University
bfbowers@auburn.edu
Questions?
Brandon Milar, PE
Director Technical Services
California Asphalt Pavement Association
Bmilar@calapa.net
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