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Today’s Topics

* Climate change - driving the conversation

* What is sustainability?

* The role played by portland cement and concrete
* Considering carbonation and the use phase

* Verification

* Some recent initiatives

Engineering & Environmental Services www.ncenet.com



,'.Zg N C E Collaboration. Commitment. Confidence.™
Today’s Topics

* Climate change - driving the conversation
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And Just Like That, Climate Change Is The Rage

* Politicians come and go, but scientific facts
remain

— GHG concentrations are increasing
— Global temperatures are rising
— The Arctic continues to melt, and sea levels are rising
e Current administration is emphasizing climate
change

— Climate change is a focal point in the new
infrastructure bill (11JA)

* Climate change is of great interest to many
governmental agencies and industry

— Clearly matters to Colorado as well as many others

www.ncenet.com
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Climate Change

e Changes in global climate from human
activities are occurring

— Supported by historical observations and climate
modeling
* Optimistic models predict substantial climate
change over the next century
— Rate of change depends on what we do

— Long life of emitted heat-trapping, greenhouse
gases and slow feedback functions of atmospheric
systems drive climate change

N
Engineering & Environmental Services
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Certainty

“It is unequivocal that human influence has warmed the
atmosphere, ocean and land. Widespread and rapid changes
in the atmosphere, ocean, cryosphere and biosphere have

occurred”

IPCC, 2021: Summary for Policymakers. In: Climate Change 2021: The Physical Science Basis

Uncertainty

The degree of change is uncertain as many variables are
important and as yet, undefined

N
Yww.ncenet.com
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Changes in Global Surface Temperatures
Relative to 1850-1900 (IPCC 2021)
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IPCC, 2021: Summary for Policymakers. In: Climate Change 2021: The Physical Science Basis
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Global Surface Temperature Increases Compared to
1850-1900 Average
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IPCC, 2021: Summary for Policymakers. In: Climate Change 2021: The Physical Science Basis
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Regional Differences (IPCC 2021)

Simulated change at 2 °C global warming Simulated change at 2 °C global warming
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Today’s Topics

* What is sustainability?
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The Sustainability Triple Bottom Line

Sustainable

practices are

simply good
engineering

And not just
GHG emissions
or environmental
Impacts

Sustainability

Environmental
Stewardship

Engineering & Environmental Services
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Sustainable Solutions Require Life-Cycle Thinking

Reduced energy

Blended cements
Alternative cements

Efficiency

!

!

Design

Materials
Processing

Construction

CaCO, mineralization

Engineering & Environmental Service:

Long-life design
Optimized design

Reconstruction
and Recycling

Recycling
Carbonation

Keep smooth

|

Preservation and
Rehabilitation

pavements smooth

Focus is on vehicle

Operations

fuel consumption —

dominate effect

www.ncenet.com
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America’s Cement Manufacturers™

Challenges In Front of Us

* Change is difficult
— Must ween ourselves from business as usual

 Traditional cement and concrete are
carbon intensive

* Designs and materials are dictated by the / ROADMAP
past and “conservatism” in codes, TO CARBON
specifications, and standards NEUTRALITY

A more sustainable world is

DON!T BE SAD _ INNOVATEI Shaped by Concrete

Engineering & Environmental Services www.ncenet.com
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There Is Hope! ur
* New policies and initiatives are focused on

what'’s yo
sustainability , R
— New infrastructure bill (ILJA) R F\ S -‘
— State and local initiatives
— Private companies
* The cement and concrete industry is focused
on change
— PCA’s Net Zero by 2050
— ACI, ASTM and others
* Organizations and associations are
responding to the need to innovate
— ACPA, APWA, ASCE, etc.
— Others (e.g., Breakthrough Energy) Big. Hairy. Audacious. Goal.

www.ncenet.com

Engineering & Environmental Services



Collaboration. Commitment. Confidence.™

<INCE
Today’s Topics

* The role played by portland cement and concrete

www.ncenet.com
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Hydraulic Cement and Concrete Mixtures

* Hydraulic cement concrete is humankind’s most
used material after water

— Approximately 2.2 yd3/person/year
— Civilization is built on it - no exaggeration
— 5% to 8% of global GHG emissions
* Massive economic, environmental, and social
Impacts

— 90 million metric tons of cement manufactured in the
U.S.in 2020 (4.1 billion MT worldwide)

— In 2018, linked to 0.6% of US GHG emissions

Engineering & Environmental Services
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Cement Consumption By Region
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GHG Emissions Assoclated With Concrete

at the Gate

* ~1.5% from acquiring and processing raw
materials

¢ ~89% from cement manufacturing
— ~37% from burning fuel
— ~46% from calcination

e ~9.5% from making concrete

Net result: for every pound (kg, MT) of U.S. made ASTM
C150 Type | cement, roughly 0.922 Ibs (kg,MT) of GHG
emissions are released

www.ncenet.com
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Total GHG Emissions Embodied in Concrete

,»-(14
sk ¥

Cement

Gravel
Sand
Water

gate:
~0.26 tons CO,, /yd?® concrete

~0.23 tons CO, from portland cement

Engineering & Environmental Services
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Elements of PCA’s Net Zero by 2050

* Clinker optimization
— Production enhancements
— Sequestration
* Cement optimization
— Blended portland cements
— Alternative cements
* (Concrete optimization
— Reduced cementitious materials content
— Longevity
* |n-service and end-of-life carbonation
— For structural concrete, small but still significant

www.ncenet.com
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Clinker Optimization

* Reduce GHG emissions during production
— Make kilns super efficient
— High efficiency grinding mills
— Fuels including waste fuels and plasma

e Carbon dioxide sequestration

— Kiln flue gas has high CO, concentration...typically
about 25 mol% vs 14% for coal-fired power plant vs
0.033% in atmosphere

— A “target-rich environment” for sequestering CO,

Engineering & Environmental Services

www.ncenet.com
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Cement Optimization: What Can You Do Now?

* Replace clinker with supplementary
cementitious materials (SCMs)

— Blend at concrete plant

— Obtained as blended cement (ASTM
C59)5)

* Replace clinker with ground
limestone
— ASTM C595 Type IL blended cement
can have up to 15% limestone 45
» Widespread acceptance 0 2 4 6 8 10 12 14 16 18 20 22
— On-going work to look at higher amountof CacOs added fwt.-]
limestone content
e 25% or more w/ SCM
Engineering & Environmental Services
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* Flyash

— Collected from flue gases of
coal burning power plant

» Slag cement
— From iron blast furnace

* Natural pozzolan

— Calcined clay, volcanic ash,
ground pumice, etc.

Engineering & Environmental Services N & www.ncenet.com
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Alternative SCMs

* Reclaimed coal ash
— From landfills and ponds
— Mix of fly ash and bottom ash
— Requires processing

* Ground glass pozzolan

 SCM produced by sequestering
carbon dioxide

* ASTM is working to develop
standards based on reactivity

k‘:" ‘»'._' f

SiIONEeEeR
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ASTM C595 Blended Cements

Produced by cement manufacturers

Type IP(X), Type IS(X),

and Type IT (X)(Y)

— Blended with pozzolan, slag cement,
limestone or ternary blend

Type IL will reduce carbon footprint by 8 to 10 percent
with little impact on behavior
— Pretty much all you’re going to get going forward?

Can be designated as moderate sulfate resistance
(MS), high sulfate resistance (HS), moderate heat
(MH), or low heat (LH)

Engineering & Environmental Services
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Alternative Cementitious Materials

* Non-traditional blended hydraulic cements
— LC3 - portland cement, calcined clay, limestone

 Alkali-activated hydraulic cements
— Alkali activator - liquid or powder

— Precursor containing calcium and alumino-silica
minerals

e e.g., Class C fly ash, slag cement
e Geopolymers

— Alkali-activated non-hydraulic reaction based on
low calcium alumino-silica minerals

— Dissolution and polymerization process

Engineering & Environmental Services
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Mass proportion (%)

pressive strength (MPa)
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80 -~

60

40 A
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PC PPC30 LC3-50 LC3-65

LC? is a family of cements,
the figure refers to
the clinker content

PC LC3-50

*  50% less clinker

*  40% less CO,

»  Similar strength

» Better chloride resistance

* Resistant to alkali silica reaction

Gypsum
M Limestone
B Calcined clay
m Clinker

H 1day
B 7 days
H 28 days

H 90 days

K. Scrivener, 2020
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Reduce Cementitious Content in Concrete
* Use optimized aggregate grading to maximize aggregate content

30%
Excessive amount thatdecreases
workability and promotes
2534 Excessive amount Creates surface sesgregation and edse slumpins. )
cre_a_te.f.: finishability MNotin
workability issues. problems 1 Scope
normally of work
20% b associsted with -_——_e——e———-—
’ 20% \ manufactured , 20% N
E U \\ sands. 16% \‘ / Tarantula curved
g% ” \ l ” v based on Tyler Ley
*® y — o 1 et al.
10% 10% 12% \
Minimum 15% of Coarse sand (#8-30)
I i
594 I Fine sand (#30-200) rangesfrom 24-343% i
, -_ - , - . ‘
1 , * ~ /7 4% N\ \
0% ! ¥ o N Y A
#200 #100 #50 #30 #16 7B #4 0.375 05 0.75 1 15

Sieve No.
Engineering & Environmental Services
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A Common Fallacy: Increasing Cement
Content Increases Strength

w/c-0.35
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Real Data from Project NEON Iin Las Vegas

3-Day Average Flexural Strength
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Project NEON Concrete
28-Day Average Flexural Strength
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Reducing GHG Emissions by Minimizing Cement Content and

Increasing SCMs
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Today’s Topics

* Considering carbonation

www.ncenet.com
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What About CO, Sequestration Through Carbonation?

* ltis arealthing

— Anderson, et. al. 2019. “Carbonation as a
method to improve climate performance for = e
cement based materials.” Cement and Concrete =§ 2
Research (2019) =

* Paper quantifies uptake of CO, by concrete
through carbonation

— Calcium silicate hydrate also undergoes
carbonation

— Uses Fick’s law

www.ncenet.com
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How Much Carbonation Occurs in Typical
U.S. Concrete?

* Depends on exposure and quality of concrete
— |Is climate wet or dry? Is it exposed to rain?

* Quality of concrete
— In the paper, is related to strength, but it is permeability that matters
— Related to w/cm
* |n general, dry concrete that is permeable (low strength) will have

a higher degree of carbonation than wet concrete that has low
permeability (high strength)

www.ncenet.com
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Applying This to a Typical U.S. Pavement

* Assume 564 Ibs/yd? portland cement in concrete with a
compressive strength of 4000 psi that is exposed to rain

— Less carbonation would occur if less cement and/or SCMs used

* The amount of CO, sequestered through carbonation is
calculated to be between 0.2-0.3 Ibs/ft? of surface area in
50 years

— Roughly 14,000-20,000 Ibs CO, per lane-mile, or equivalent to
700 to 1000 gallons of fuel consumed

Engineering & Environmental Services

www.ncenet.com
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Pounds CO, Sequestered Over Time per
Lane-Mile
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Diamond Grinding Increases Carbonation

* Rate of carbonation decreases with time
— Roughly 45% of 50 year of carbonation over
occurs by Year 10

* Diamond grinding exposes a “fresh”,
uncarbonated surface to the atmosphere

* Grinding every 10 years will more than
double the amount of sequestered CO,

* Overlaying concrete with asphalt will shut out
atmospheric CO, and terminate
sequestration

;;;;;

N
Engineering & Environmental Services
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Pounds CO, Sequestered Over Time per
Lane-Mile
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Diamond Grinding has Close to Net Zero
GHG Emissions

* Diamond grinding every 10 years results in 17,400 to 25,300 lbs
of additional CO, being sequestered over 50 years per lane-mile

— This is equivalent to 870 to 1,270 gallons of diesel fuel consumed over
50 years

* Four diamond grindings consumes between 1,000 and 1,600
gallons of diesel
— 250-400 gallons per lane-mile of grinding
* |n addition, vehicle fuel efficiency is improved due to improved
smoothness resulting in greater than net zero GHG emissions
— HDM-4, NCHRP 720, MIT, NAPA

Engineering & Environmental Services
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IRI Trigger Values (Wang et al. 2012)

Percentile triop(::mal\:gllue Annualized Modified
Traffic Daily PCE of lane- Total lane- of lane- gg(m /kg;n CO,-e total cost-
group segments range miles . . e reductions | effectiveness
mile inch/mile in (MMT) ($/4CO,-¢)
parentheses) 2
1 <2,517 12,068 <25 | @ - 0 N/A
2 2,517 to0 11,704 12,068 25~50 2.8 (177) 0.141 1,169
3 11,704 to 19,108 4,827 50~60 2.0 (127) 0.096 857
4 19,108 to 33,908 4,827 60~70 2.0 (127) 0.128 503
5 33,908 to 64,656 4,827 70~80 1.6 (101) 0.264 516
6 64,656 to 95,184 4,827 80~90 1.6 (101) 0.297 259
7 \ >95,184 j 4,827 90~100 \ 1.6 (101) ) 0.45 104
Total 1.38 416

Engineering & —.....c.....ciccs <o sioen
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Today’s Topics

e Verification

www.ncenet.com
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Assessing Sustainability

e Use unbiased, factually-based tools/resources to
assess life cycle impacts
— There is A LOT of greenwashing going on
 Alife cycle assessment (LCA) meeting ISO
standards is the best way to assess environmental
impact

— Request environmental product declarations (EPDs)
based on approved product category rules (PCR)

— Stay informed
— Seek help as needed

www.ncenet.com
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What i1s an EPD?

e EPDs are published by product manufacturers
to communicate potential environmental
impacts of a product or process

* |SO has established processes that use life-
cycle assessment (LCA) methods to declare
the environmental impacts on product labels
(Type lll declarations = EPDs)

* EPDs are preferred because they provide a
high level of confidence as the information
provided has followed a standardized and
transparent scientific process

Engineering & Environmental Services
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TECH BRIEF: ENVIRONMENTAL PRODUCT DECLARATIONS

Communicating Environmental Impact for Transportation Products

State Departrents of Transportation (DOTSs) are continually assessing and choosing materials or technologies to meet their
transportation needs. As part of this assessment, DOTs are turning to Envi Product D (EPDs) to
quantify the envi i with those products.

What Are Environmental Product
Declarations?
An Envi | Product D (EPD)is a

transparent, verified report used to communicate the
environmental impact (e.g., resource use, energy,

iated with the or
production of construction materials such as asphalt,
L ity il or steel

asphalt
reinforcement. EPDs, also called Type Il Environmental
Declarati s \ : s

are p labels ped by industry in

with i O i for
Standardization (ISO) Standard 14025. ISO Standard
14025 includes a critical review process 1o ensure that

the ISO standards and the industry consensus standards
described in the Product Category Rule (PCR) document

were followed.

EPDs and PCRs are not required by law or Federal
regulation.

Similor % nutrition labek for lood products, EPDs
e

pavement materials 1o the customer,

What Are the Benefits of EPDs?
« Provide verifiable and transparent information on

life-cycle environmental impact data for materials or
products.

o Allow fi 1s of the

performance of materials (if they were dev
using the same product category rules, PCRs, which
are industry and guideli

used in developing and reporting EPDs).

* Identify areas for environmental performance

improvement, encouraging industry efficiency.
d In an EPD for an

Table 1. p [
asphalt mix design (based on a hypothetical scenario
from Asphait P A atl

How Are EPDs Used?

Green F An EPD ges the
demand for (and supply of) those products that
p the more i use of finite

and that create less stress on the environment.

Ste ip. An EPD is a
that the i is paying i
to the envi of inability.
Prog M . Periodic updating of EPDs
can show the progress being made by a manufacturer
or an industry. Agencies can use this information to
track supplier progress in meeling agency goals.

« Pavement Design. EPDs provide critical information

for use in conceptual- and project-evel full (i.e., cradle-
to-cradle) LCAs or less rig types of
of N casiin daial

P Manag Industry ge EPD
i G b Inclidad ke ;

in used in p
to perform rk-level LCA.

https://www.fhwa.dot.gov/pavement/sustainability/hif19087.pdf I \www.ncenetcom |

www.ncenet.com
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An EPD Requires a Life Cycle
Assessment (LCA)

* LCAis standardized and rigorously
enforced process to quantitatively
assess impact over multiple
environmental impact categories

— From cradle to gate, cradle to
placement, or cradle to grave

* Implementable for civil infrastructure
— Basis for EPDs

Engineering & Environmental Services

| e 2 | Pavement Life Cycle Assessment Framework

o, | FHWA-HIF-16-014
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Adapted from N. Santero
by John Harvey

PCR: the framework Product Category Rule (PCR) .
Set of specific rules, requirements, and guidelines for

developing Type Ill environmental product declarations
for one or more product categories” (ISO 14025)

LCA: the analysis Life Cycle Assessment (LCA)

“Compilation and evaluation of the inputs, outputs and
the potential environmental impacts of a product
system throughout its life cycle” (ISO 14040)

Environmental Product Declaration (EPD)
EPD: the declaration “Providing quantified environmental data using
predetermined parameters and, where relevant,
additional environmental information” (ISO 14025)
as defined in a PCR which is based on LCA

www.ncenet.com
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Example: Specific Concrete EPD

Summary of
Environmental Product Declaration  Environmental Impacts

Central Concrete pact na
Total primary energy consumption
Concrete water use (batch) m3 6.66€-2 5.10€-2
Concrete water use (wash) m3 B.56E-3  6.556-3
Global warming potential kg C02-eq 271 207

0zone depletion kg CFC-11-eq  5.40E-6 4.14E-6
cidfcaton kgS02eq 226 173

Mix 340PG2Q1
San Jose Service Area

EF V2 Gen Use P4000 3" Line 50% SCM

Performance Metrics

28-day compressive strength

Slump

kg N-eq 1.31E1 1.00E-1

A sample EPD for a concrete mix design by Ceniral Concrete Supply Co.
Credit: Central Concrete Supply

https://www.fhwa.dot.gov/pavement/sustainability/articles/environmental.cfm

Engineering & Environmental Services
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Case Example

* Pena Boulevard is the four-lane divided
highway providing access to Denver
International Airport

* Required reconstruction to replace ASR-
affected concrete pavement

e Various alternatives considered

* Several innovative strategies were used to
reduce cost and environmental impact

Engineering & Environmental Services
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US. Department of Transportation
Federal Highway Administration

CONCRETE MATERIAL AND

CONSTRUCTION INNOVATIONS
PROVIDE SUSTAINABILITY
BENEFITS IN COLORADO AGENCY

FHWA-HIF-19-077

BACKGROUND

Shrewd modifications to concrete mixtures and
resourceful construction practices led to cost
savings of more than 50 percent, time savings of
several weeks, and significant reductions in various
environmental impacts. This was demonstrated on a
concrete pavement reconstruction project on Pefia
Boulevard, a four-lane divided highway that
connects the City of Denver (via |-70) to Denver
International Airport (DIA).

WHAT WAS THE MOTIVATION?

Constructed in the early 1990s, the jointed plain
concrete pavement (JPCP) on Pefia Boulevard
exhibited severe alkali-silica reactivity (ASR)
distress that required increasing amounts of
expensive repair. Given the on-going maintenance
issues and the overall severity of distress, in 2011
authoriies at DIA proposed a pavement
reconstruction calling for an 11-inch (279-mm)
doweled JPCP placed on a 12-inch (305-mm)

I SUSTAINABLE
é PAVEMENTS

H PROGRAM

Colorado Department of Transportation (CDOT)
Class 6 aggregate base. However, because of
concerns related to the overall reconstruction cost
and the adverse impacts of a prolonged construction
period, DIA was interested in pursuing an alternative
approach that would reduce costs and minimize the
overall duration of consfruction. The project was

completed in 2014.

WHAT WAS DONE?

DIA worked with its contractor to develop a cheaper
and quicker design alternative, one that featured the
rubblization of the existing JPCP to serve as a
foundation for the new pavement. This approach
reduced removal and hauling costs and expedited
the overall construction operations while providing a
strong, stable foundation for the new pavement (see
figure 1 [Cloud 2015)).

cs Denver internationsl Alport
Figure 1. Rubblized surface prior to placement of
the 2-inch CDOT Class 6 aggregate base.

In addition, the contractor incorporated innovations
in the concrete paving mixture to reduce both

JUNE 2019
FHWA-HIF=19-077
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lllustrative Case Study

* |nnovative strategies included:

— In-place recycling of existing JPCP through
rubblization

— Optimized concrete aggregate grading with
reduced cementitious content

— The use of an ASTM C595 Type IL cement with fly
ash

 An LCA was used to assess reduced
environmental impact

© 2015 Denver International Airport

www.ncenet.com
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Example LCA: Denver, Colorado

Mixture A: Typical CDOT Mixture B: Optimized
Mixture Constituent Class P (CDOT 2017) (Ungerman 2015)
ASTM C150 Cement 452 Iblyd® —
ASTM C595 Blended Cement! - 422 Iblyd?
ASTM C618 Class F Fly Ash 113 Iblyd? 108 Ib/yd?
ASTM C33 Coarse Aggrenate #4 — 440 Ib/vd3

ASTM C33 Coarse Aggr
ASTM C33 Intermediate
ASTM C33 Fine Aggreg:
Water

Air

wicm

1 It is assumed that the AS

Engineering & Environmental Services

Alternative

1A. Remove & Replace

Existing Pavement

Remove existing pavement and 12
inches (305 mm) of lime-treated
subgrade

Base

Reapply broken up existing
pavement, 4 inches (102
mm) of RCA, geotextile, 12
inches (305 mm) of RCA

New Pavement

11-inch (279-mm) JPCP
(CDOT Class P mix)

2B. Rubblized Rubblized and compacted 2-inch (51-mm) RCA 11-inch (279-mm) JPCP
(from other stockpiles) (Optimized mix)
3A. Reconstruct Remove existing pavement and 12 | Geotextile, 12-inch (305- | 11-inch (279-mm) JPCP
inches (305 mm) of lime-treated mm) virgin aggregate (CDOT Class P mix)

subgrade, recondition and compact
18 inch (457 mm) of subgrade

https://mww.fhwa.dot.gov/pavement/sustainability/case_studies/hif19077.pdf

www.ncenet.com




v". N ‘ E " Collaboratiofi. Commitment. Confid

Example LCA Results
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https://www.fhwa.dot.gov/pavement/sustainability/case_studies/hif19077.pdf
Engineering & Environmental Services
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Today’s Topics

e Some recent initiatives

www.ncenet.com
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Current Initiative: MNROAD Reduced GHG
Emissions Test Site

e Atestsiteis under development at MnROAD to evaluate
strategies to reduce GHG emission in concrete paving

 16testcells
— 1 control cell
— 3 carbon mineralization cells
— 1 optimized concrete
— 6 alternative SCM cells
— 9 alkali-activated cements

e Construction scheduled for summer 2022

Engineering & Environmental Services
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Current Initiative — Breakthrough Energy
Foundation

 BTE Foundation is focused on reducing global GHG emissions
and fighting climate change

* |dentification and elimination of barriers restricting carbon
reduction strategies in concrete construction

— Tracking the follow of clinker through the U.S. and Canadian
economies

— Evaluating codes, specifications, and standards dictating use
— Identifying barriers and developing strategies to overcome barriers

www.ncenet.com
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Summary

e Sustainable concrete pavement practices are available for
all phases of life

 Sustainable solutions require a life cycle perspective

— Evaluating cradle to construction only will result in short-sighted
decisions

* Strive to optimize your cement and concrete
* Use rigorous verification to avoid “greenwashing”
* As an industry, the future is bright

www.ncenet.com
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FHWA Sustainable Pavement Program:
Work Products

* Sustainable Pavements Program Roadmap

e Toward Sustainable Pavement Systems: A Reference T
Document

FHWA-HIF-15-002

AUGUST 2015 FHWA-HIF-15-015

CLIMATE CHANGE ADAPTATION FOR PAVEMENTS

INTRODUCTION

Climate change can and is producing a wide array of impacts that affect
infrastructure on & broad scale. An infrastructure asset’s vuinerability to
elimate change is righly context sensitive, with ts location and the adaptive
capacity of local businesses, govemments and communities all being
influential (EC 2013). Much has been written generally about cimate change
and its impacts on transportation systems, and literature is now emerging on
how dimate change specfically affects pavement systems and what
adaptation strategies mignt be pursued. However, at the level of pavement:
systems, the state Of the practice s largely limited to general coservations and
s Iscking with regards to specific adsptation strategies. This Tech Brief
provides an overview of climate Cnange and Pavement-speciic impacs, and
then addresses specific pavement adspistion stategies thst can b=
implemented now and in the future.

e LCA framework document
e Tech briefs

Scope

Tnis Tech Eref is specific to nard-surfaced pavement systems (L2, asphait and
concrete pavement) including the wearing course and al underlying layers
down to and indluding subgrade treatment. Imoortantly.ths Tech Brief dozs
not address ciimate change adaptation issues (for transportation systems or
atherwise) that are beyond the scope of pavement systems. such s
1) relocation of vulnzrable routes dus to storm surges or sea level rise.
{2) identification and treatment of vuinerabie structures (2.9. brigges). and
13) fortification of pavement systems gainst extreme weather events where
such fortfication s essentially impractical (eg. relecation or comolete
reconstruction is more cost-effective than fortification. Tris Tech Bref also
Goss not address climate change winerability asssssment processes, which
are more thoroughly covered in Othier docUMEnts Such as thase by the FHWA.
12012) and the Eurapesn Commission (Acdlimatise and COWI A/S 2012). While
this Tecn Brief focuses on pavements aore. 5 complete 500105 to cimate
change adaptation should consicer al of these tems in concert

e Case studies

BACKGROUND

Climate Change Impacts

Changes In the global cimate. and the understanding that uman activities
have been the dominant cause. is SupPOrted by a preponderance of istorical
cbsenvation and ciimate modeling bath at a national and glabal scale (PCC
2013). Current cimate modes generally preject that the cimate il centinue
to changs and do 50 at an incressing rate Gver the next certury o longer
[IPCC 2013; IPCC 2014). While the magnitude and speed of projected future
climate change is genzrally dependent upon human activities, even the most
optimistic scenarios project substantial climate change ower the next century
orlonget based on what coupled with the relatively long
Iffe and slow feedback functions of emitted heat-rapping gases (commonly
grouped together as “greenhouse gases.” or GHG) that drive cimate change
[RCC 2013 IPCC 20%4)

Engineering & Environmental Services www.ncenet.com
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Questions?

Thomas Van Dam, Ph.D., P.E.
Principal

NCE
tvandam@ncenet.com
775-527-0690
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