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What is Sustainability? The U.N. says...

“Sustainable development is development that meets the
needs of the present without compromising the ability of
future generations to meet their own needs.”

- United Nations, World Commission on Economic
Development: Our Common Future, “Bruntland Report”
(1987)
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What is 2 sustainable pavement? FHWA says..

[

US. Department
of Transportation

Federal H
Adquw

Towards Sustainable Pavement Systems:
A Reference Document

FHWA-HIF-15-002

'_'surroundlng ecosystems.;,

« Use financial, human, _and e
envrronmental resources eoonomlcally

'_é._-Meet human needs such as health
safety, equrty, employment comfort and
happlness . |
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Llfe Cycle Consuderatlons

Perpetual Pavements
DeS|gned to never experlence structural ruttlng or cracking

PennDOT has earned 8 perpetual pavement awards

Conventional pavement with
periodic rehabilitation

Perpetual pavement with
surface renewal

.[' 1}' Flexible Farr_qurr Rosistan *MPM.“,

L —

o i —

Pavement.f oundation

Cost in $ (net present value)

NAPA
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PavemeNt associarion K g IESEEEE Initial Life Cycle Cost Work Zone
: Construction Cost to Agency User Costs
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‘What is Resilience?

Public Emergency

. No Common deflnltlon Safety || Management

AASHTO C|ted 8 deflnltlons S e
related to tra nsportatlon __;;__ el e
infrastructure . "

* Many faces of <
reS I I Ie n Ce 5 ' I' Transportation

Security

But none, by |tself represents

the Whole
NAPA
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https://environment.t_r'énsbortatibn._org/pdf/infra.struct'ure resilience/understandingtransresil jan2017.pdf



https://environment.transportation.org/pdf/infrastructure_resilience/understandingtransresil_jan2017.pdf
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https://www.myeducator.com/reader/web/1293a/chapter01/j596n/
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Resilience }_an ;As“ \alt Pavements

isasters

+ Hurricanes, floods, e'arthquakes*
Iandslldes tornadOeS. |

Emergency serV|ces
Access to medrcal care
Food supplles
Commerce

. With unexpected events the key |s
to qwckly restore serwce

beth kuri“"c"'z, lpc



Anchorage NG
December 1 2019
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https://www.theverge.com/2018/12/8/18128983/alaska-earthquake-roads-fixed-anchorage-damage
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Rldgeorest ' CA .

_Back—to back earthquakes-_,
_damage nghway 178 o

,Temporary repalrs
completed within hours-r'-*"

. Permanent reoa'lrs
'-completed less than 10

‘.shlft

Resi_liehcefEa‘rt’».' juake Response

July485, 2_019_

days Iater W|th|n a smgle

&

https //www sbsun com/2019/07/04j6 6 magnltude earthquake southwest of-searles vaIIey in-san- bernardmo county-

“is- feIt throughout the- southland/



https://www.sbsun.com/2019/07/04/6-6-magnitude-earthquake-southwest-of-searles-valley-in-san-bernardino-county-is-felt-throughout-the-southland/

__Resilience — Hurricanes

* Orange, Texas after Hurricane Harvey ~ * August 2017

_ https://www.nytirhes‘.Com/2018/09/19/c_lirha"ce/hur_na n.s-hu.rricahés-c-aUseé-effécts.html


https://www.nytimes.com/2018/09/19/climate/humans-hurricanes-causes-effects.html
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https://www.tallahassee.com/story/news/2018/10/11/u-s-98 closed-east-lanark-village/1601275002/



https://www.tallahassee.com/story/news/2018/10/11/u-s-98-closed-east-lanark-village/1601275002/

Re5|I|ence Warm Mlx to the Rescue

What happens when Iocal
plants can't operater; i

Use of warm m|x studled
after Hurrlcane Katrlna

HauI dlstances up to 8 10
‘hours can be used W|th

Wa rm m |X teCh nO|Og y S : SERRI Report 70015-011
'- f _' .Heﬁiﬁzﬁaﬁtﬁ?ﬁn Full Scale Testing of Hot-Mixed
' |t Warm-Compacted Asphalt for
Fine g rad ed mixes are SN N Emeraency Pavmg
_NAPA more eaS|Iy compacted
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http://driveasphalt.org/resource-libra ry/fuII-scaIe-,testing'-of-hot-mixed-warm-com pacted-asphalt-for-emergency-paving



http://driveasphalt.org/resource-library/full-scale-testing-of-hot-mixed-warm-compacted-asphalt-for-emergency-paving

3 hr haul dlstances

Late season paving
~at high elevation

Steep canyons with
~little sun and high
winds

AT ED

~« Warm mix was key to"ff'
getting the job done
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https //www roadsbrldges com/asphalt pawng able reconnect https //www cprorg/2016/09/29/brace vourself-northern colorado -us- 34-
; 32 ; e A A - big- thompson canvon ~closure-is- almost here/ '



https://www.roadsbridges.com/asphalt-paving-able-reconnect
https://www.cpr.org/2016/09/29/brace-yourself-northern-colorado-us-34-big-thompson-canyon-closure-is-almost-here/

+ Coastal flood

seagrant.soest.hawaii.edu/coastal-and-climate-science-and-resilience/ccs-
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http://seagrant.soest.hawaii.edu/coastal-and-climate-science-and-resilience/ccs-projects/building-resilience-to-coastal-hazards-and-climate-change-in-hawaii/

3 OOO+ resndents
October 27 2015

https //www ajc com/blog/polltlcs/supermoon rlsmg sea levels put tybee |sland access under---
water/kE3PD96bMnOXJDPSHtOJtO/
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https://www.ajc.com/blog/politics/supermoon-rising-sea-levels-put-tybee-island-access-under-water/kE3PD96bMn0XJDPSHt0JtO/

o | RESl | ie n C e o . . Climate change means roads should be

& built differently, UNH researchers say

.| Hotter Tem ps - eersmesikins. A :

L. Use cllmate forecasts;'"_"

° ‘ rather than hlstorlcal

i ¢ datafor pavement
‘design

. Integrate deS|gn

¢ . Changes into routlne o

| maintenance overlayS‘

¢ @ * Canbe cost effective |f

g

o

1 planned approprlately

Wt'w %@ : Fie Harrison Avenue in the South End is in poor shape. It is cracked, crevassed, and noticeably uneven. (FILE 2009)

' \1 )
NAPA = @
N

‘”2 AT - 4 Rl Researchers at the University of New Hampshire say governments should start building
== ,@; *ﬁ?\' https://www.bostonglobe.com/metr_o/2019/07/11/c||m e e e L e
NATIONAL ASPHALT oo B 2 e ¥ ol - s oleer aenhia a0 av will be ready withatar o offapta
e i dosis sl r?;t%t @f ate-change-means-roads-should-built-differently-unh- roads with different and thicker asphalt now so thev will be ready to withstand the effects
%}, it researchers-say/iU35VmsG3L02gbFsYOF10i/story.html of climate change in the future.
tﬂ "“ . : gl


https://www.bostonglobe.com/metro/2019/07/11/climate-change-means-roads-should-built-differently-unh-researchers-say/iU35VmsG3L02gbFsY0F10J/story.html

Resnllence Wl" Roads Melt as the
Temperatures Heat Up?

Cllmate models provrde
long-term expected =~ RS-
temperature changes §  \

Minneapolis-St. Paul

Denver

AdeSt binder grades to SN
clelolelag modate predlcted A Los Angels
conditions ‘

Time scale of Changes IS
decades -

NAPA
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Can be a part of routlne
mamtenance overlays o

https //www.wired. com/storv/thls scarv map shows how- clrmate change-will- transform -your-city/?verso=true
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https://www.wired.com/story/this-scary-map-shows-how-climate-change-will-transform-your-city/?verso=true

FHWA references for pavement resilience
Impact of Environmental Factors on Pavement Performance in the Absence of Heavy Loads
(FHWA-HRT-16-078)
www.fhwa.dot.gov/publications/research/infrastructure/pavements/ltpp/16078/16078.pdf
Climate Change Adaptation for Pavements (FHWA-HIF-15-015)
www.fhwa.dot.gov/pavement/sustainability/hif15015.pdf
Vulnerability Assessment and Adaptation Framework, Third Edition (FHWA-HEP-18-020)
www.fhwa.dot.gov/environment/sustainability/resilience/adaptation_framework
Adaptation Decision-Making Assessment Process (ADAP) (FHWA-HEP-17-004)
www.fhwa.dot.gov/environment/sustainability/resilience/ongoing_and current research/teacr/adap

Synthesis of Approaches for Addressing Resilience in Project Development (FHWA-HEP-17-082)
www.fhwa.dot.gov/environment/sustainability/resilience/ongoing_and _current research/teacr/synt
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“The Adaptation Decision-Making Assessment Process (ADAP) is proposed s a tool for pianners.
f i rks

FHWA Publication No.. FHWA HRT 16078 Ssaea = ; Lo 3 B and designe o
. . . ! -amewor o profecs. A0
FHWA Contact: Jack Springer, HRDI-30, (202) 433-3144, % project alternative kes the most sense in terms of life oy

jack springer@dot.gov S — - THIRD EDITION - politic:
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roach: an
be tailored to meet an agency’s specific requirements. Although the framework lays out specific

S

This document is a technical summary of the Federal
Highway Administration Long-Term Pavement
Porformanca Program report, Analysis of the Study of
Environmental Effects in the Absence of Heavy Loads = FEDERAL HIGHWAY ADMINISTRATION ADAP can be used in two ways: (1) to assess existing assets for their sensitivity to projected
(FHWA-HRT-16-084). ool : OFFIGE OF PLANNING, ENVIRONMENT, & REALTY cimate changes and (2) for the design of new nffsTrucTure PrOJects. For new projects, it is
intended to be appled during the planning stage of project development 0 35 o provide the
The Long-Term Pavement Performanca (LTPP) Program maximum oppartunity to explore project alternatives.
menitors the performance of pavements constructed
using differant materials that ara subject to variad traffic
loads across many climates. One experiment category
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ADAP was also designed to be general enough to apply to the entire spectrum of climate-

i
i
i

inflenced highway roma » complex
ridge in o major rban area. Determining which facities/projecs ADAP should be applied t>
developed by the program for study s the effact the N ! < forol °P

° N will be:a policy decision made by each agency. Agencies may choose to apply ADAP 10 existing or
environment has on pavement deterioration. The data wiibespor e v
analysis results summarized in this TochBrief use test 3 Mieescertain crieia refted 10 o5, IMpOrtance, potental NSO, . ADAP may NGt b

3 ¥ sections from an LTPP Specific Pavement Studies (SPS) — X i o the ideal process to follow in all situations; however, it lays out the range of considerations that
3 oxperimont, Study of Environmontal Effacts in the — o

i 3 g Absence of Hesvy Loads (SPS-8), matched with tost e - § s e ass i

A i e sactions from othar LTPP oxporimants that have normal - adapted to consider a2 erts within a

S ta

--——\_ NG truck traffic to compare and show the proportion of total
|\ ;| Faderal damage caused by environmental effacts. This analysis,

which looked at data collected over a 15-ysar pariod, also
including some very informative results. = g required in al situations. The process is setup to minimize the evaluation process in situations

identified many practical design and materials effects, 5 The ADAP steps are captured in the decision tree in Figure 1. As can be seen, not all steps are
PAVEMENT ASSOCIATION k. i Wwhere the consequences of asset failure are low and where the cost of adapting to cimate

fiil
:%lig
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Introduction
change i relatively small. The steps are explined in more detailin the following sections. afion
ederal Highway

Initiated as part of the Strategic Highway Research B (] Fed
Administration

Program, the primary purposa of the SPS-3 oxperiment o PR T
was to characteriza the impact of environmental factors . s . Fodorel Highway Adrinitaton s P et 0

FHWAHEP-17.062 July 2017



http://www.fhwa.dot.gov/publications/research/infrastructure/pavements/ltpp/16078/16078.pdf
https://www.fhwa.dot.gov/pavement/sustainability/hif15015.pdf
https://www.fhwa.dot.gov/environment/sustainability/resilience/adaptation_framework/
https://www.fhwa.dot.gov/environment/sustainability/resilience/ongoing_and_current_research/teacr/adap/
https://www.fhwa.dot.gov/environment/sustainability/resilience/ongoing_and_current_research/teacr/synthesis/fhwahep17082.pdf
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