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About the Presenters

Robert P. Spragg, Ph.D. is a Concrete Materials Engineer
in FHWA’s Office of Infrastructure, where he leads the
deployment and transfer of innovative technologies in
concrete materials and concrete pavements. He has 15
years of experience in the concrete materials topic area,
and has delivered a range of successful projects,
including durability assessment using resistivity,
durability assessment of Ultra-High Performance
Concrete, assessment of opening to traffic. Dr. Spragg
joins us today talking about Sustainability of Concrete, a
topic he has been working on for the last three years.
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About the Presenters

Thomas J. Van Dam, Ph.D., P.E., F.ACI joined WJE in 2023 with over 35
years of civil engineering experience, specializing in concrete materials
related to pavement and slab design, sustainability, and overall
evaluation. His major areas of interest include performance assessment,
durability, forensic investigations, and greenhouse gas emission
reduction. Dr. Van Dam has worked successfully in academia and the
private sector, directing pavement design, materials, and sustainability
groups in conducting investigative and research projects for federal
agencies, state departments of transportation, local agencies, private
industry, and foundations.

In total, Dr. Van Dam has published over 100 technical papers, articles,
and reports and is a frequent presenter on concrete materials and
sustainability.
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Today’s Learning Objectives

Gain a better understanding of why low
embodied carbon concrete is of such interest
among the concrete pavement stakeholders

Learn strategies that can be used to reduce the
embodied carbon in paving concrete, focused
on reducing the use of portland cement

Understand the use of environmental product
declarations (EPDs) in benchmarking and
measuring improvement
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Agenda “Sustainable development is the
@ Carbon Reduction in the Context of Sustainability development that mee:ts the needs
@ Motivation for the Guide Of the present WIthOUt

® Background and Scope compromising the ability of future
@ Strategies for Reducing Cradle-to-Gate Embodied Carbon generations tO meet their own

® Quantification

”
@ Closing Thoughts needs-

- Our Common Future: Report of the World Commission on Environment and Development (1987)
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EMISSIONS FROM HIGHWAY TRANSPORTATION SYSTEMS
Sustainability and Pavements
* Sustainable pavements achieve the

engineering goals for which they were
constructed.

* Sustainability is an aspirational goal.

Embodied
Tailpipe Emission
_ Emission

* Sustainability is context sensitive.

P

* Sustainability pertains to all areas related

to pavement and materials. What are tailpipe emissions? What are embodied emissions?
Tailpipe emissions are pollutants from exhaust Embodied emissions include emissions from
. Sustainability assessment is an evolving gases discharged from vehicles equipped with manufacturing, material transport, construction,
8 an internal combustion engine. Tailpipe emissions maintenance, and disposal of transportation infrastructurg
field. e incurred during the use stage of the pavement life building materials. Embodied emissions of greenhouse
~ sourees T IS 002 o cycle are considered operational emissions. gases (GHG) are also known as embodied carbon.
"P M 7 Source: Emissions from Highway Transportation Systems. (dot.gov)




E.O. 14057 - Catalyzing Clean Energy Industries
and Jobs Through Federal Sustainability (Dec. 8,
2021)- link

Sec. 303. Buy Clean.

* Establishes Buy Clean Task Force to:

* Identify and prioritize pollutants and materials to be covered under a Buy Clean policy,
considering relevant and available data, including those from Environmental Product
Declarations, and consistency with existing requirements.

Make recommendations to increase transparency, procedures for auditing
environmental product declarations and verifying accuracy of reported emissions data.

Make recommendations for financial and technical assistance to support domestic
manufacturers in enhancing capabilities to report and reduce embodied emissions.
Make recommendations of pilot programs that incentivize Federal procurement of
construction materials with lower embodied emissions.

DOT Initiative - September 15, 2022

“So today, as we work to implement President Biden’s historic
Bipartisan Infrastructure Law, which will modernize our
infrastructure and create good paying jobs across the nation, the
U.S. Department of Transportation will launch a Buy Clean
Initiative that will assess and address the embodied carbon
emissions that come from the engineering, design, construction,
procurement, maintenance, and disposal of transportation
projects.”

-- USDOT Secretary Pete Buttigieg

ttps://www.transportation

State Initiatives

o
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I :vocteo state Legistation
m Introduced State Legislation

LOW CARBON
TRANSPORTATION
MATERIALS

IRA Section 60506 (23 U.S.C. 179)

* Low Carbon Transportation Materials and Products
* Amount: $2 billion to remain available until September 30, 2026.
* Agency: Federal Highway Administration.

* Purpose: To reimburse or provide incentives for the use, in projects, of
construction materials and products that have substantially lower levels of
embodied greenhouse gas emissions associated with all relevant states of
production, use, and disposal as compared to estimated industry averages
of similar materials or products, as determined by EPA.

https://www.fhwa.dot.gov/lowcarbon/
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Why a Guide? Curated Strategies:

§, 30

Practitioner Context sensitive  Curated list of

* Quantifiable: Demonstrate with EPD (using PCR that is
ISO 14025/21930 conformant).

* Practical: An agency needs to be able to use it and
incorporate it into their programs.

focused nature. strategies. * Implementation-Ready: Needs a defined framework
resources. (i.e., more than a laboratory or foundational concept).
M . ZPM .

" E | Minerals Extraction and Cement Production |
Cradle-to-gate 2
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5 | Minerals Extraction and Cement Production
€ - "
C ra d | e_tO_G ate HIE ” Transport of Materials to Production Facility
E A3 Concrete Production
. 2]
Embodied
Emissions

* Scope limited to strategies that
would be quantified using an
Environmental Product
Declaration (A1-A3).

* Raw Material up to Concrete
leaving mixing plant.
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Typical Transportation Concrete

36.8%
Pyroprocessing Fuel

4.1%

Finish Grinding
1.4%

Raw Grinding

L 5.4% | Mixing
4.3% | Transportation
0.3% | Cement
~1.2% | Concrete

Cement Manufacturing
14% | Raw Grinding
41% | Finish Grinding
Pyroprocessing

36.8% | Fuel

46.3% | Reaction

Concrete Production
5.4% | Mixing
4.3% | Transportation

Quarrying
0.3% | Cement
1.2% | Concrete

Implementation Considerations

8 N

Early Age Rate of Property Quality Control
Properties Development and Variability
M

Achieve Engineering Goals

oy Gan Gan

Low maintenance, low
roughness, and maintained
stiffness throughout the
desired service-life.

Highlights the importance of
performance specifications.
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Use of the Guide

* 5 pathways that each include a series of strategies.
* Not all strategies work in every situation (context sensitive).
* Each strategy is accompanied by an Implementation Table.

e Quantification or Estimation of the Carbon Reduction.

Agenda

@ Carbon Reduction in the Context of Sustainability

@ Motivation for the Guide

@ Scope and Background

@ Strategies for Reducing Cradle-to-Gate Embodied Carbon
(® AQuantification

@ Closing Thoughts

M 2

Part 2:Strategies

* There are 5 strategies presented in the order of their effectiveness in
reducing ECC of paving concrete
e Strategy 1 — Strategies Targeting the Cementitious Binder
e Strategy 2 — Strategies Targeting Concrete Mixture to Optimize Binder
Content
e Strategy 3 — Reduce the ECC of aggregates
e Strategy 4 — Strategies Targeting Mixture Performance Requirements
e Strategy 5 — Other Factors to Consider

e This guide is not established to replace existing methods
o Will supplement existing practice while reducing ECC

Strategy 1 — Targeting Cementitious Binder

* Already discussed that portland cement clinker is responsible for
almost 90% of the ECC is typical concrete
* Heart of this strategy is replacing portland cement clinker with
supplementary cementitious materials (SCMs)
* All SCMs currently in use have a lower ECC than portland cement

* Alternative SCMs (ASCMs) that are emerging also have a lower ECC, and some
may even have a net negative ECC

* Alternative cementitious materials (ACMs) are also considered.

ZPM a




Replace
portland
cement

Pathways to Select a
Lower ECC Binder

* Multiple pathways identified

Portland
limestone
cement
(Table 1A)

Supplementary
cementitious
) ) material
* Primary pathway is to replace (Chart2)
portland cement with PLC,
other blended cement, or ACM plementary
cementitious
material
hart 2)

Blended
cement

* Secondary pathway is to {Table 1B)

reduce portland cement
through additional use of SCMs

Performance
hydraulic
cement
(Table 1C|

Supplementar
cementitious

(Chart 2)
Alternative
cementiliolus
materia Nonhyd
cement
able 1D)
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Support for Each Pathway

* Narrative supports use of pathways

* References are provided to available resources to assist users in
implementing strategies

* Tables have been prepared for each pathway providing a description,
recommendations, implementation steps, and potential barriers

Table 1A. Summary of Portland Limestone Cement

Table 1A. Summary of Portland Limestone Cement

‘Por‘tland Limestone Cement (PLC)

Portland limestone cement (PLC) s a hydrauli meeting the of AASHTO M 240 (ASTM €595 Type IL. It has less
embadied carbon than equivalent AASHTO M 85 (ASTM C150) portiand cement as additional limestone is interground with the
clinker during manufacturing. PLCs are engineered to replace AASHTO M 85 (ASTM C150) portland in nearly all concrete mixtures
and can be used with nearly all types of supplementary cementitious materials (SCMs). PLCs have not demonstrated a statistically

Portland Limestone

embodied carbon than equivalent AASHTO M 85 (ASTM C150) portla

q wich nearly all types

although early-age characteristics may diffe due to being more fineh

significant impact on later-age strength or durability performance compared to similar AASHTO M 85 (ASTM C150) portland cement,

PLC are portiand cement cinker blendsd with 3 higher proportion
manufacturing PLCS requires the cement and limestone to be blendet

Replace AASHTO M 85 (ASTM C150) portland cement with AASHTO M 240 [ASTM C595) Type IL PLC. Changing cement type to PLC
through trial batchi

Table 1. Summary of blended cements

Table 1C. Summary of Performance Hydraulic Cement Table 1D. Summary of Non-Hydraulic Inorganic Cements

Blended Cements

Performance Hydrau

Non-Hydraulic Inorganic Cements

IT.Type ILcament has aready been discussed under Table 1A.Type |
The pozaolans used can include coal ash, natural pozzoans, o sl

met co
performs

rain porformance critera based upon testing rather than prescri
ance hycraulic cements: Type GU (general use), Type HE (high-e

Non-hydraulic inorganic cements are those that set and hardened due to lkali-activation causing the dissolution of alumino-siica

cement and up to 9% slag cement, Type IT temary-blended cs ents. low
o fe 7| cacium y ash, Common alkal: high malarity
1€ 00 MO | comentiious materials (SCMs).As s true with any change i cemert, cone| ™ nts often o by can affect portand cement-based

How doe: «
Commany, two sies are used at 2 concrete plant - one Fled with ¢
withan SCAL

O M 85 (ASTM C150)

are classfed based on che
fate sols conditions (i., Type I, Type 1, or Type V). In compari

designed to meet cerain physical performance requirements of the conerd
than

slfate exposure conditions may require a Type o Type V cement)
and preference and are most commonly coal ash, siag cement, or
concrete plant during batching. Alternativly, AASHTO M 240 (ST

Scus an

for more innovaic
/or imestone) or the e

An ASTM C1157 performance hydraulic cement can have 3 lower GWP th

of three-dimensional polymeric aluminossilicate chain and ring structures. The formation of these structures is rapid and occurs.
when the precursor materials firt undergo dissolution in the highly alkal solution created by the alkal-activators, followed by
polymerization. The water in the system is there to faciitate workability and is not part of the reaction products, nstead being
expelled during curing and subsequent drying. The polymerization reaction is sensitive to amblent temperatures. Conceptually
simple, the reactions driving inorganic polymerization are complex and not fully understood. Further, the cements are largely
proprietary and only have seen limited

APLC will have 2 lower GWP than the equivalent AASHTO M 85 (ASTA
witha GWP, 25 shown in a concrete EPD, i the cer

Repiace AASHYO M 85 (ASTM C150) portand cemen’ QP A0 M o Allow cement producers to submit AASHTO M 240 (ASTM C595) Type IL cements to your approved or qualified products

" T list (APL or QPL).
" Ensure AASHIO M 240 (ST €595]Type L s alloed i your . .
3 Ermrensito 2t TSR L - Ao «_Encourage contractors to submit trial batches using AASHTO M 240 (ASTM C595) Tyge IL cements.

st (RPLor QP Barriers to Implementa

e m - o Littleto no local availability of AASHTO M 240 (ASTM C595) Type IL cements.

: EL.“JS;‘ZL?J‘;?Ji“;“;";';‘Il;“i:!?ﬁ!;‘?!:fl?fffﬁ,‘11?,21t§ *  Contractors d?n'r have approved conerete mix design using Tme IL cements.

ol cusons, con Rt e iae not rersiin Ty « In some applications, construction crews are not familiar with Type IL cements and the reduced rate of bleed water
associated with the finer grind.

cement, 2 shown i the cement EPD. The amount ofreduction wil depen| I 1 e
' use of ort Non-hydraul lkely to have a lower GWP than AASHTO M 85 (ASTV C150) portland cement, depending on

W antity GWP _reduct pe of pr

A5 a result of reduced portiand cement clinker content, blended ce| < Ac 29; and alkali-activator. For some applications, the use of non-hydraulic inorganic cement could result in 3 significant reduction of the

(ASTM C150) portiand cement in 3 cement EPD. C 85 (ASTI C ASTM 1157 |

Recomm /Dosa ol Although there are some non-hydraulic inorganic cement avaiable in the U.S., for the most part their use has been restricted to
. 1157 nto the ma| Further, non-hydraull

tpetoa . inASTM C1 "
= Modify specifications to allow multiple coment types to achiew o thoroughly test

on Sic
 Ensure AASHTO 1 240 (ASTM CS95) Type 7, Type IS and Ty
= llow coment producersto submit AASHTO M 240 (ASTMI €|

ydraton, high early strength) versus using presriptive specificat
Develop and implement a testing validation process that allow ¢

the general y conditions. Current
these materials In the laboratory for performance and robustness prior to construction of demonstration projects as a step 10

o)

Certain ASTM C:

oo (APLor aPU).
0 tio

« Currently non-hydraulc norganic cement suitable for large-scale pavement applications are in the early stages of

. I v
AASHTOM Type L xpected Impact ¢ t

cement AASHTO M 240 [ASTM C595) Type IL cement is reported to be similarly priced to conventional AASHTO M 85 (ASTM €150} portland

Practice Ready Papers, FHWA PLC Technote (under cement.

= Slower strength gain may oceur and impact when jointsawil

when acceptance testng s conducted, partiulary duing o
Mast concrete suppliers and contractors are not familr w.
designs.

limited quantites.

0 some applicaions,construction crows are ot famila wr
bl

R ces
Practice-Ready Papers, FHWA PLC Technote (under development), GreenerCement.org.

Expecied Impact
Blended cements are avalabe i a imited number of US marke

. c
: I "
*+ Lackof spcince I consUGHIg W ASTM CL1S ament il . ong erm performance.
tis.Intime, Low GWP. expected to have higher costs than portland cement based systems. Cost at
whereas market introduction would ikely be very high with a reduction in cost occurring as market acceptance increases but will emain
e relatively high
Practice-Ready Papers, FHWA TechBrief (FHWA-HIF-11.025), CP Tech Cent]

Techrif (FHWAHIF 11.025)

Practice-Ready Papers, ACI ITG-10R-18 and ITG-10.1R-18,




Secondary Pathways Further Defined

Supplementary cementitious material

AND/OR
|

Coal ash Natural pozzolan

Slag cement
(Table 2C)

Ground glass pozzolan
(Table 2D)

Alternative supplementary

(Table 2A) (Table 2B)

cementitious material (Table 2E)
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Table 2A. Summa Table 28. summary of n Table 2C. Summary of STable 2D. Summary of C Table 2E. Summary of Alternative Supplementary Cementitious Materials

Coal AlNatural P Slég Cen Grbund (|Alternative Supplementary

e o T e e e 0 | C@MIENitIOUS Materials

(ASTM C618) Class C or windows, among other sources,
(ASTM C618) Class C o ore in a blast furnace, The molt| lows, among other sources,

properties whereas the | added to concrete properties must be ver

byproduct of coal comt | p cement can be used In concrete es it work Alternative supplementary cementitious materials (ASCMs) are SCMs that do not meet the requirements of existing SCM
ash (bottom ash). Fly a | market and not al yeld the sam bes it we Ground specifications, TM C1709, which
1 be used in con| 1 S it work Slag cement has hydraulic prop| -
Tt ad rcesen | Rorontrs s e presence o water. st o 30K 10/69% 1 axde, s | e w oo el
that include natural pozzolans . the system pH i increased. | POZ201ans have been found to ha further assess

attack, and reduced permeabil| containing slag cement can exh
concrete with very high strength | heat of hydration, but excellem | 110 woUIG y/0u 2117y G' | ASCMs represent a broad category of materials that may be natural, synthetc, or a combination of the two, They might be from

E 7717 G cement can provide resistance | Industry generated EPDs have st [ waste generated by another industry, or purposefully produced 25 an ASCM for concrete. ASCMs that are currently entering the|
Clas N porolans are generaly | similar benefit as Class  ly ash | concrete mixture with 40% grou | market include synthetic fy ash, blended materials designed to carbonate whie n service, and materials produced through the
mixure ] > simiarly proportioned concrete- | sequestration of carbon doxid materisls are emerging.

I X
A5 a pozzolan, coal fly ¢
ash will indergo hydrat
can exhibit improved w

as increased resistance | Class N pozzolans. It is noted tha
stiffening with certain ¢ | to the additonal
proper dosage rate). _[Tiecormn

Slag cement s used to reduce t [ Recommended Action/00 3
with slag 210r| Replace AASHTO M 85 (ASTM C1 | An ASCM would need to supplement the hydration of partiand cement in a imilar fashion as a pozzolan, slag cement, or through

610 1 | igherthan 5 fo coal ash due| & rounc glass Some other means. n general, it would need to be able to repace portand cement clinker with 3 lower GWP materal whie

Coal ash is commonly u | @ concrete mixture willvary by t[ i  lementation Step supporting
cementitous content whereas ¢ | Replace a portion of AASHTO V| " o s crass g

ash will have a lower G!

you quantif duc
than total cemer The GWP would need to be calculated using acceptable means. It is unlikely that a product category rule (PCR) would exist for al

con Act 2
Encourage replacemen’

ation ste concrete mixture properties thr
« Ensure AASHTO M 295 ([ «  Ensure ASTM C1886 grc ol
ashis 15% t025% by m| T ersto b e vseof g eomeny| |+ Allow producers to suby
15% to 40%. Use of coa ©  The use of slag cement \ds on the ASCM.
: - st (APLor Q) * emtsaTowsta|  * Sepport the devlopm | bege e
%0 add 1t to.yolERRDM relatively small product | 1 ton Step

* Theuseofcoal plmentatior| & to Implemenatior ed ASCM must judged the for the,
« Ensurethatyo m S 4 project.

gth gain m « Extensive laboratory concrete testing would be used to determine suitable mixture proportions and the GWP calculated

anc o8B be evaluated as part of

« Supplies are relatively s

when acceptance st
« Limited availabilty in

based on the EPD of the ASCM.

. be oo ance o e ASCH i concrete
testing is cond Contractors don't have ;| number) or near the cc| *  Water demand can be S o len o
Resucedoule| * O x zpe reducer ol st eigh and s
i mpact or [ mpact | beed ' Expected Impact on Gt fon technologies
Todoy AASHTOM 295 | i 10 ok (i cor | ! o it | Erpecied |
stable in the near futun cost to conerete pre ing plants wil allow for g | unknown.

R Refe
FHWA Tech Brief (FHWA-HIF-11

erence Rerer Referen
FHWA-HIF-16-001 Tech | practice-Ready Papers. CP Tech € Papers. ASTM C1700,

Strategy 2 — Concrete Mixture to Optimize Binder
Content

] . Agg#l  Agg#2 #18&2
* This strategy reduces ECC by reducing % sl

total cementitious materials content

* Accomplished by optimizing aggregate
grading

* For the same binder and water-to-binder Paste

ratio, reducing total cementitious
materials content reduces paste volume

* Improves hardened concrete properties

Strategy 2 — Concrete Mixture Optimization

* The key is to reduce paste volume by
blending aggregates (often from three or
more sources) to minimum void volume ' L,

* Must maintain fresh concrete properties !
including workability and air content R Il

* Also achieve harden concrete properties e Mo
including strength and durability T Ley and D. Cook 2014

* Several tools are available including the
“Tarantula Curve”
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Table 3. Optimized Aggregate Grading

thimized Aggregate Grading

paste s necded to il the void space that
exists between the agaregate partices, separating them slightly and allowing the paste 10 act 3 @ lubricant to ensure misture
workabilty.n this wa

U 1 such a5 the Tarantula Curve,

distrution is optimized to fal within the recommended limis (see Fgure 6). There are additional recommendations on the
combined percent of coarse sand (¢8 through #30 sieve) and fine sand (30 through #200) for sipformed paving and flowable
concrete 1o ensure workabilty. The general mix design strategy s 1o optimize the combined grading of qualty agarcgates as

discussed. The

final step i to select the 0 il the voids in the while providing Spreadsheet
e overal volume of Cementitous portiand

feduce th GWP ot ihis GWP reduction.

Soecoons for spform ovin and owabie concet shoul b revied snd modiied, f needed, o corsiderthe opiiced
aggregate grading. Appicaton of the guidanc provided In AASTO R 101 with regards to cevelopment of 2 concrete mixture

that are above what i appropriate fo the.
applct SHAs have sot minimum or stpform paving.
ot it opSmhe s radng oo 5 470 s

B mplementation
« Many SHAx have set minimum cementitious materialscontent limits that are unnecessarly high and create 3 barrier to
GWP reduction,

Ibi
«lackoffami
7]

CPTech Center: htpsi//cptechcenterorg/mix-proportioning,

Strategy 3 — Reduce the ECC of Aggregates

Reducing ECC of
Aggregates in Concrete

* In addition to aggregate optimization:

» Aggregate shape and texture affect water
demand, especially for manufactured fine
aggregates

* Aggregates must be durable, being resistant to
alkali-aggregate reaction in concrete and not
susceptible to freeze-thaw damage

* Considerations to reduce ECC of concrete
* Reduce emissions when transporting aggregates

* Use recycled, co-product, and waste materials as
aggregate if it makes sense

* Use low ECC manufactured aggregates

Shorter Distance

Reduce ECC from
Transportation

Use Recycled, Waste, and
Bypraduct Materials

Use Low ECC Artificial Carbon Dioxide
Aggregates. Mineralization

Transportation of Aggregates Matters

Table 5. Estimated national average freight movement fuel efficiency (diesel) and estimated

GWP per ton per mile transported of freight transportation modes®®

Mode

Short Ton-Miles/Gallon

GWP per short ton per mile

34
Table 4. Aggregate Pathways to Reduce the ECC of Concrete
pac e vl £
ofconcrete. The main C of agaregates
woe: i oo et ol mtu egee e v St e o EC ARt stres s o ey
become avalable
ithough the ECCof raurl gsresates s ey ow the hes mass ofsrgesus 0 concree roducion meons hel
impact needs isoften done by
trucks Tfpossib
should be d and alt fficient, modes of e il and barges
o The use ofrecyced, wast <
. il

through CCUS that may offer opportunities for further carbon reduction in the future.

OWpreducion s iured b replcin agregates with rlatively high EC i those withlwer ECC e ssessment s dooe ¢

Consumed

travelled (Kg CO2)}*

Truck®

150

0.0679

Rail

478

0.0213

Inland Barge

616

0.0165

“The GWP per ton per mile was calculated based on one gallon of diesel fuel consumed emitting 22.44 Ibs (10,18 kg) of COy .
B Truck load assumed to be 25 tons on a 40-ton gross vehicle welght truck, loaded one-way.

the concrete s GWP reduction
Recomn
d ensure that barriers to the use of quality recycled,
waste, and byprodu:r aggregate materials, as well as artficial aggregates are removed. Incentivizing the use of low ECC concrete,
validated through an EPD, issions.
i > e
Tow ECC. ugh an EPD.
. a |, waste, and. I
« Conduct h made with , waste, and byproduct aggregate materials, as
I
lementation
. change mode of markets.
o lack v yeled, waste, and by
« Specification barriers may exist that need to be evaluated.
. LackmxuvDN
Ex
into not current practice. In
iyt wil b cost nutrl o even redce cosof el concrete,
ptubgs \_practioner_guide_w_cvrpd.
n P M FHWA df.
-2
4 36
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Strategy 4 — Performance Specifications for
Concrete Mixtures

* Requirements for concrete should include both ECC targets and performance of
concrete over time

* Prescriptive requirements often create barriers to reducing ECC without
assurance of long-term performance
* Prescriptive requirements are rooted in past experiences
* This is not bad, but does limit the ability to do something new
* There are often restrictions on cementitious materials types and allowable replacement
levels, minimum cementitious materials content requirements, and strength-based
milestones to be achieved that are not linked to performance, yet may provide a barrier to
reducing ECC
* Adoption of AASHTO R 101 - Standard Practice for Developing Performance
Engineered Concrete Pavement Mixtures can help

ZPM

Pathways Using Performance
Specifications
* Narrative and tables to support
pathways based on performance
specifications
* This is an evolving area of interest and

will be a major focus of continuing
efforts

Pathways for Low-Carbon
Related to Performance
Specifications

mp Limits

Removal of Prescriptive

N
(Table 6B)

Age Stren
Acceptance

(Table 6E)

| of Minimum

Table 6. Use of Performance Specification to Reduce the ECC of the Concrete Mixture

Performance-Specifications

Traditional concrete specifications prescriptive, meaning the identifes the materials to
be used on the project (e.g, cement type, minimum cementitious materials content, minimum w/cm, etc.) as well acceptance
crteria. Today's specifications often rely on a limited number of test methods (e.g., slump, total air content, strength,, etc) that

innovation by making it difficult to introduce new material technologies. Performance specifications define the functional
linked to n

a

7 S it
ARSHTO recently adopted the R 101 Stondard Practice for is

linked to workability and long-term performance. Developed for pavement mixtures, elements of this standard practice can be
adopted for use with other classes of conerete
I J quan
Adoption of performance-related specifications opens the door to further carbon reduction by eliminating barrirs to innovation
that exist in prescriptive specifications. This allows consideration of innovative, lower carbon concrete materils that otherwise
wantifcation of ben

relat
specifications. Changes should be made to their specifications o support adoption of performance-related specifications and
performance measures.

+ Ensure specifications allow 2 broad range of cementitious binders, signficantly reduce or eliminate minimum cement

* Move aw: d instead look to durabilty
and long-term service

« Suppliers
+Testing laboratories will need to acquire equipment and qualfications needed to conduct testing that i not currently

Intime,
it wil ey

ARSHTO R 101

1 1

Strategy 5 — Other Considerations

 Reduced fuel consumption in production and transportation of

concrete

* Renewal energy grid, optimized plant operations, natural gas fueled trucks,

etc.

e Calcium carbonate mineralization in production of concrete

e Other?

1N
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Part 3: Quantification Using This Guide

ssumac
G 2

* Quantify greenhouse gas (GHG) ——
emissions is an essential element in 1
producing low ECC concrete

Following Strategy 1, select a lower ECC cement

What s This D

Purpe

¢ Use higher than normal replacement level of portland cement with SCMs at the
concrete plant

* Replace AASHTO M 85 (ASTM C150) with AASHTO M 240 (ASTM C 595) blended
cement

* The use of an environmental product
declaration (EPD) produced in
accordance with 1SO 14025 is the

o * Aim to achieve 50% or less total portland cement for the binder
preferred quanitification tool

2. Following Strategy 2, reduce total cementitious content through
aggregate optimization

* An example would be to use the “Tarantula Curve” to blend in intermediate
aggregates reducing total cementitious materials content from 564 pcy to 500 pcy

SPM — - SPM .

* An GHG emission estimating tool is
provided for use if an EPD is not yet
available

: . . Using This Guide
Using This Guide

. . = N | "RA:T
* Quantification of ECC needs to become H Ef l 5 .
3. Following Strategy 3, use lower ECC aggregqte- S commonplace d & l
* Use recycled concrete aggregate processed near site instead of transporting virgin ) )
aggregate long distance * Simply business as usual
* Note that carbon savings needs to be demonstrated through supporting calculations

. . . .
* Use a manufactured aggregate produced through carbon sequestration In time, this will be extended bevond Stages

4. Following Strategy 4, adopt performance specifications that eliminate Al-A3
barriers inherent in prescriptive specifications * In the short-term, it is essential that
* Move away from minimum cementitious contents and maximum SCM replacement . .
levels representative data is collected to create a
+ Adopt acceptance testing linked directly to performance meaningful benchmark to assess
5. Following Strategy 5, investigate opportunities that emerge improvement
ZPM } M ;

11
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Part 3: Quantification

* Quantify greenhouse gas (GHG)
emissions is an essential element in
producing low ECC concrete

* The use of an environmental product
declaration (EPD) produced in
accordance with 1SO 14025 is the
preferred quanitification tool

* An GHG emission estimating tool is
provided for use if an EPD is not yet
available

£PM

s
AT

i s a roc
intocantyears, Sio Dopariments
Tasporaion 00T, aa ol e over St

2
et 3n sxpanss o o a0
it document (Ensronmonit Prcct
Docaratons, FHNAI-T0.027.6)
Cummarze he iormaton o o
Govacpments o uman of EFDS for
ot e et e il
i o papes f s dscamen

o sty
(150) St 14025 (502009 Thay are. -

Figure 1. €90 concepts.
Brocecuresa oowng e ndusy consensus

Basad on 50 140251
i s Tl cocvs:
ruonmentl impacs iomaton or

e ) Vertonon
cors b o E9D coneps e
s ipra |

EPDs o boing
evepas o Such consiucton ot 35

Using EPDs

* Use this when:
* EPDs are available
* Making procurement decisions

 Data will be distributed to a broader
audience

S o reguaton

Estimating the ECC

* Use this when:
¢ Obtaining an initial estimate of a

* Performing initial indications of

* Deciding whether to produce an ISO-

AN

product GWP for internal purposes

potential GWP savings that may result
from changing a mixture design

conformant EPD

As a training and educational tool

Wlnnn Crtimmanmtinma +lan ECC
Taie 82 Contree ConrventsConents ra Trrmprtaton bl T :

0 . ¢ > €
Producion | el
Miureosien | choercy s oot produneniis | Toportston [
prameer | orcor | (T8 iConea/m | Method (T, | Torraen
cametne | M el oeornan | Osee
o)
Camare s
s ot then
slag-cement) »
o fisg -
cement) ur
water oz
Freaspege | ssr
au
o
A Entraning .
e s
Wter reucing
Admirre/ | 1340
soperpasucer
Reclrotng .
Admixture 10
Reerdn .
Admisture. 1530
Table B3. Transportation Details.
A p c >
Tansportation | Temsportation Consttuens | Tensportation
Toode iciency (kgof | Transportatin || NNURTL | impacts kg of
CO2-eqfkm/metric | Distance (km) S C02-6q/m3 of
ton) concrete)
Freight Truck 00465
Berge oo146°
Rail 00113%

any of v

Table 82, Including the production
efficiency for for significanty increase the
eetion of th asmaton. 1 n E5D 1 vt avala for one o mere af the onshuens, he vles

ona total volume of 1 m2of concrete,

Step 3: Multiply the values in Columns A and & for ach row within Table 52 and reprt the prodct n Column
CofTable B2

DofTable

Truck, Ral)

Step 5: Report the anticip the consttuent

Column € of Table 82.

s (ruck), 500 e (al.

: add Table 51,
step 7 to

Column 8 of Tabe 83,
Step 8: Add the constituent weights in Column B of Table B2 pertaining to each transportation methad as
dentifed in Column D of Table B2. Report the sum of consituent weights for each transportation methad in
Column C of Tabe B3

1 Column D of Tabe 83,

Table 81,

Table £1 Table 1.

D of Table 81, The

Step 12: Add the vl through C of Table 81
Value in Column D of Table B1 s the estimated GWP.

Ih~An Crhtimantinm~ +lha E
Lohioaakino ki
TR

. s ¢ s
W e | poima | Tencoditon

ey ek
e | D e

Coment
scufather than

Table B3. Transportation Details.

[ c
Transportation
Transportation Constituent
Node fficency (kgof || Transportation | SRR CE
C02-eq/km/metric [|  Distance (km) o

Freight Truck 0.0465%
Barge 0.0145°
Rail 0.0113%

Transportetion
Bistance lkm)

)
Transportation
Impacts (kg of
cO2-eq/ms3 of
concrete)

step s0,
Jues indicated column A n Tab

efficiency from a productspecific or facilty.speclfc EPD for cement production will ignlficanty Increase the

precison of this estimation. If an €D, is not avallable for one or more of the consttuents, the values

on a total volume of L of concrete.

Step oy e Table 82 and
CofTable 2.
DofTable:

Touck, il
Steps: s ofthe
Column € of Table B2 to be used,

s {truck), 500 miles ral).
Table B1.

Step 7: Add the transportation € of Table 82 method as

Column 8 of Table B3
Step 8: Add the constituent weights in Column B of Table 62 pertainin o each transportation method as
dentifed in Colurn D of Table 82. Report the sum of consttuent weights for each transportation method in
Column C of Table B3.

In Column D of Table 82

Step 10: A3t the values I Column D of Tabl B3 and report the sum in Column 8 of Table 1.

step Table 81 by 0. Table 81,

h Cof Table 81 and Table 81, The
Vit i o of el 11t xmted o

19
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When Estimating the ECC: , For any Quantification process:

* Product-specific, facility-specific data (especially for cement
production efficiency) is preferred

Table B1. Concrete Constituents Contents and Transportation Details.

A c )

* Will obtain a more precise GWP estimation

[
Lfe Cycle Stage

AL-A3Total

e anaar " 3 & * Cement production efficiency can vary GWP estimates by up to 60%
- * Context for how the information will be used is important
ZeM .
Next Steps
A4 L
cPm J .
Concrete Pavement Materials
. . . — PROGRAM T h C 1
Like and Anticipated Early Standards e
Subscribe 2024 Organization
Support Advancing Concrete Pavement Technology Solutions
Cooperative Agreement
(AASHTO) P &
P M Y https://cptechcenter.org/research/in-progress/advancing-concrete-pavement-technology-solutions/
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Part 2:Strategies

 There are 5 strategies presented in the order of their
effectiveness in reducing ECC of paving concrete
o Strategy 1 — Strategies Targeting the Cementitious Binder
o Strategy 2 — Strategies Targeting Concrete Mixture to Optimize Binder
Content
o Strategy 3 — Reduce the ECC of aggregates
o Strategy 4 — Strategies Targeting Mixture Performance Requirements
e Strategy 5 — Other Factors to Consider

e This guide is not established to replace existing methods

o Will supplement existing practice while reducing ECC

11/14/2023

Today’s Learning Objectives

» Gain a better understanding of the why low
carbon concrete is of interest and current
funding opportunities to support it through
IRA funding

 Learn strategies that can be used to reduce
the embodied carbon in paving concrete,
focused on reducing the use of portland
cement

» Understand the use of environmental product
declarations (EPDs) in benchmarking and
measuring improvement

Strategy 1 — Targeting Cementitious Binder

+ Already discussed that portland cement clinker is responsible
for almost 90% of the ECC is typical concrete

* Heart of this strategy is replacing portland cement clinker with
supplementary cementitious materials (SCMs)

+ All SCMs currently in use have a lower ECC than portland
cement

« Alternative SCMs (ASCMs) that are emerging also have a
lower ECC, and some may even have a net negative ECC

* Alternative cementitious materials (ACMs) are also considered.




Pathways to Select a
Lower ECC Binder

Replace
portland
cement

 Multiple pathways identified

* Primary pathway is to
replace portland cement
with PLC, other blended
cement, or ACM

+ Secondary pathway is to
reduce portland cement
through additional use of

SCMs

Portland
limestone
cement
(Table 1A)

Supplementary
cementitious
material
(Chart 2)

Blend
cement

(Table 1B)

Supplementary
cementitious
material
(Chart 2)

Alternative
cementit
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Support for Each Pathway

Table 1A. Summary of Portland Limestone Cement

Portland Limestone

embodied carbon than equivalent AASHTO M 85 (ASTM C150) portiai

nearly all types.

although early-age characteristics may diffe due to being more fineh

Table 1A. Summary of Portland Limestone Cement

Technolog

What

Portland limestone cement (PLC) s a hydrauli meeting the of AASHTO M 240 (ASTM €595 Type IL. It has less
embodied carbon than equivalent AASHTO M 85 (ASTM C150) portland cement as additional limestone s interground with the
clinker during manufacturing. PLCs are engineered to replace AASHTO M 85 (ASTM C150) portland in nearly all concrete mixtures
and can be used with nearly all types of supplementary cementitious materials (SCMs). PLCs have not demonstrated a statistically

* Narrative supports use of pathways
 References are provided to available resources to assist users
in implementing strategies

* Tables have been prepared for each pathway providing a
description, recommendations, implementation steps, and
potential barriers

P .fftland Limestone Cement (PLC) |

PLC are portiand cement cinker blendsd with 3 higher proportion
manufacturing PLC: requires the cement and limestone to be blendet

APLC will have 2 lower GWP than the equivalent AASHTO M 85 (ASTA
witha . i the cer

oM:

= Ensure AASHTO M 240 (ASTM C595) Type IL s allowed i your
« Allow cement producers to submit AASHTO M 240 (ASTM C5¢
it (APLor QPL.

« Litle o no local availabiity of AASHTO M 240 (ASTM C595) Type L.

« Contractors don't have approved concrete mix design using Type

e

« In some applications, construction crews are not familar with Ty

. in Cost
Hiom Type L

coment.

Practice Ready Papers, FHWA PLC Technote (under

significant impact on later-age strength or durability performance compared to similar AASHTO M 85 (ASTM C150) portland cement,

Rec Action/Do

Replace AASHTO M 85 (ASTM C150) portland cement with AASHTO M 240 [ASTM €595) Type IL PLC. Changing cement type to PLC
requires reverifying concrete mixture properties through trial batching.

mentation Steps
«  Ensure AASHTO M 240 (ASTM C595) Type IL s allowed in your cement specifications.
«  Allow cement producers to submit AASHTO M 240 (ASTM €595} Type IL cements to your approved or qualified products

list (APL or QPL).
* _ Encourage contractors to submit trial batches using AASHTO M 240 (ASTM C595) Type IL cements.
Barriers to Implementation

«  Littleto no local availability of AASHTO M 240 (ASTM C595) Type IL cements.

«  Contractors don't have approved concrete mix design using Type IL cements.

« In some applications, construction crews are not familiar with Type IL cements and the reduced rate of bleed water
associated with the finer grind.

xpected Impact on Cast
AASHTO M 240 (ASTM C595) Type IL cement is reported to be similarly priced to conventional AASHTO M 85 (ASTM C150) portland
cement.

_

Ref

Pract

ady Papers, FHWA PLC Technote (under development), GreenerCement.or

Table 1. Summary of blended cements Table 1C. Summary of Performance Hydraulic Cement Table 1D. Summary of Non-Hydraulic Inorganic Cements

Blended Cements

Eekformance Hydrau Noh—HydrauIic Inorganic Cements

Non-hydraulic inorganic cements are those that set and hardened due to alkali-activation causing the dissolution of alumino-sica | |

IT.Type ILcament has aready been discussed under Table 1A.Type |

meet certain performance critria based upon testing rachar than prascri
The pozaolans used can include coal ash, natural pozzoans, o sl

performance hydraulic cements: Type GU (general use), Type HE (high-e

cement and up to 95% slag cement. Type IT temary-blended ce| cements. s, low
B )T % cacum st high o,
e 0 Mot | Coeriious materl (SCWS. A s e with ay hangs n cement,cone | 11 sy
do K doce e

& : AASHTO M 85 (45T C150) casitd based onche
s tvorc e o e e o of three.disionl ohmerc umino-sicae chaih and fng STIEes. The ormaon of these Srctres i apd and accurs
Commenlytwo s re et conrete on - one et (53020 S L R L 0 o e whe the precurso materils st undergo disoluton i the highy ikl sautio crated by the ala-acthatrs,followed by
e oo oo comeot n for more innovatic| polymerization. The water in the syste s there to facltate workabilty and is not part of the reaction products, instead being
e expoure condtion may reaure e orTie Y camert)| STV ey | xpled curin curing and sueseauent dying. The polymeriain teacon i senive to amblent temperaturs. Concetualy

woul wantily GWP reduct simple, the reactions driving inorganic polymerization are complex and not fully understood. Further, the cements are largely
An ASTM C1157 performance lower GWP th | proprietary and only have seen limited
cement, a5 shown inthe cement EPD. The amount of reduction will depens| 101 1010 011 1= we.

concrete plant during batching. Alternativly, AASHTO M 240 (ST

lkely to have a

ARSHTO M 85 (ASTM C depending on

ow w14 3o ety P e peofp

R el of edced priand cament ket contnt,beded | e Action/Dosag and sl actvato. For som appteatons, tn s of nafhydra I lergan cemétcouk resut na gt reduction of the

(ASTM C150) i EPD. Concr

Recommendied Acton/bossg lementa Aihough thre are some -yl norganécement avalibi  the U, 10 h most par therus s been restrcted o
. 157 nothe m ph eter, non sl

frorivs . iy

Modify specification to allow multipe cement types to achiew
ydraton, high early strength) versus using presriptive specificat
« Develop and implement a testing vaidation process that allow ¢

the general y conditions. Current 1o thoroughly test
these materials n the laboratory for performance and robustness prior to construction of demonsiration projects as a step to

Im ntation Siep:
Ensure ASHTO 1 240 (ASTM CS95) Type 7, Type IS and Ty
= llow coment producersto submit AASHTO M 240 (ASTMI €|

ot oo (ApLorapy. [T CE o
. Barriers to Implementatio « Currently non-hydraulc norganic cement suitable for large-scale pavement applications are in the early stages of
T e « CertainAsTM C:
= Slowerstrength gain may oceur and impact whenJontsawi| 1€ AUantites . c
when acceptance testng s conducted, partiulary duing o . Implem n
« Most concrete suppliersand contractors are not famifar v | ® L2k of experience in constructing with ASTM C1157 cement willi| — fong:term performance.
o contractors Tohew
10 some applicaions,construction crows are ot familar wi | 1010 ~pecied Im
me apet = pact o
- Low GWP. expected to have higher costs than portland cement-based systems. Cost at
Cred Impact

market introduction would ikely be very high with a reduction in cost occurring as market acceptance increases but will emain
relativly high

imited number of US markets : | whereas
Ref:

Fereronce Practice-Ready Papers, FHWA TechBrief (FHWA-HIF-11.025), CP Tech Cent| Ficonc
Practce Ready Papers and FHWA Techbrief (FAWA HIF 11.025). | Concrete Pavement, Practice

ACI1TG-10R 18 and IT6-10.1.18,




Secondary Pathways Further Defined

Supplementary cementitious material

AND/OR
|

Coal ash Natural pozzolan

Slag cement
(Table 2B)

Ground glass pozzolan
(Table 2C)

(Table 2D)

Alternative supplementary
(Table 2A)

cementitious material (Table 2E)
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Natural P

Table 2A. Summa Table 28. summary of n Table 2C. Summary of STable 2D. Summary of C Table 2E. Summary of Alternative Supplementary Cementitious Materials

ing batch [ 1

Slag Cen

Grdund (

Vield the same

pozzolans are generally

G |
0| 50% to 60% silca oxide. This al
pozzolans have been found to ha

Alternative Supplementary
-|Cementitious Materials

plementary cementitious materials (ASCMs) are SCMs that do not meet the requirements of existing SCM
T C1709,

rou

pozzolans. Itis noted tha ||

P
 the materials in|

higher than it is for coal ash duc|

07| Replace

oy by e[ ed Acti
25 t | Replace a portion of AAS|
than total

ash s 15%to 25% by m
15% to 40%. Use of coa

list (APLor QPL.

+ Theuseofcoa|T

*  Ensurethatyo

ors to Impleme —
« Slower surength gain | 7" ="

judged

and consider ¢

ers to Impleme

G
testingis cond

h
« Limited availabilty in

part of

testing would be used to determine suitable mixture proportions and the GWP calculated
M.

pected mpact 00 Eeeriay img
Today, AASHTO M 295 (| uiro

stable in the near futur

o Suppliesare relativelys [ ance of the ASCM in concrete.
« Contractors don't have erjornearthece| o Water demand can be [ oo
« sd any reducer. " Therisk .
oo ed cted Impact on oSt o nsc ion technologies.
et on C NE
T I
allow for & | unknown.

Reference References
FHWA Tech Brief (FHWA-HIF-11

erences References
FHWA-HIF-16-001 Tech | practice-Ready Papers. CP Tech €

References
Papers. ASTM C1708.

Strategy 2 — Concrete Mixture to Optimize Binder Content

Agg#l  Agg#2 Agg#182

HE
-

* This strategy reduces ECC by
reducing total cementitious materials
content

+ Accomplished by optimizing
aggregate grading

* For the same binder and water-to-
binder ratio, reducing total
cementitious materials content
reduces paste volume

* Improves hardened concrete
properties

Strategy 2 — Concrete Mixture Optimization

» The key is to reduce paste volume by
blending aggregates (often from three
or more sources) to minimum void
volume

» Must maintain fresh concrete
properties including workability and
air content

» Also achieve harden concrete
properties including strength and
durability

- Several tools are available including
the “Tarantula Curve”

5%
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i TN S
s / s ’ A
7 P—
10% /
i
3 /
TR ro==
wld 7 ~ 4 ~
w0 w0 w0 mo ms m w oms 05 0% 1 1S
e

T. Ley and D. Cook 2014




Table 3. Optimized Aggregate Grading

Q;S"timized Aggregate Grading
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paste s necded to il the void space that
exists between the aggregate partces, separating the slightly and allowing the paste 10 act 35 3 lubricant to ensure misture
workabily. n this wa

o
L such 2 the Taranula Curve,
on's optimized to fall within the recommended limits (seo Figure 6). There are additonal recommendations on the
combined percent of coarse sand (¢8 through #30 sieve) and fine sand (30 through #200) for sipformed paving and flowable
concrete 1o ensure workabilty. The general mix design strategy s 1o optimize the combined grading of qualty agarcgates as

discussed. The
final step i to select the the voids n th while Spreadsheet
awe e overal portiand
raduce the GWP. ihis GWP reduction.

Specications for slpform paving and flowable concrete should be reviewed and modifed, i needed, to consider the optimized
aggregate grading. Appicaton of the guidanc provided In AASTO R 101 with regards to cevelopment of 2 concrete mixture

plementation St

that are above what i appropriate fo the.
SHAs have set or stpform paving.
‘concrete with optimized aggregate rading as low 35 470 Iy’

B mplemen;
« Many SHAs have se
GWP reduction,

dditional bi

i ete.
Relorer

CPTech Center: htpsi/cptechcenterora/mix-proportioningl.

Strategy 3 — Reduce the ECC of Aggregates

* In addition to aggregate optimization:

- Aggregate shape and texture affect water
demand, especially for manufactured fine
aggregates

» Aggregates must be durable, being
resistant to alkali-aggregate reaction in
concrete and not susceptible to freeze-
thaw damage

» Considerations to reduce ECC of concrete

» Reduce emissions when transporting
aggregates

» Use recycled, co-product, and waste
materials as aggregate if it makes sense

» Use low ECC manufactured aggregates

Reducing ECC of
Aggregates in Concrete

Shorter Distance

Reduce ECC from
Transportation

Change Mode

Use Recycled, Waste, and
Bypraduct Materials

Other

Use Low ECC Artificial
Aggregates.

Carbon Dioxide
Mineralization

Table 4. Aggregate Pathways to Reduce the ECC of Concrete

Transportation of Aggregates Matters

Table 5. Estimated national average freight movement fuel efficiency (diesel) and estimated
GWP per ton per mile transported of freight transportation modes

Mode Short Ton-Miles/Gallon GWP per short ton per mile
Consumed travelled (Kg CO2)*
Truck® 150 0.0679

Rail 478 0.0213

Inland Barge 616 0.0165
“The GWP per ton per mile was calculated based on one gallon of diesel fuel consumed emitting 22.44 Ibs (10,18 kg) of COy .
UTruck load assumed to be 25 tons on a 40-ton gross vehicle welight truck, loaded one-way.

Aég;regate Pathways to Reduce ECC

overall £CC
led,

of concrete. The main Cof
waste, and byproduct materials in ieu of natural aggregate where it makes sense, and using low ECC artifcial aggregates as they
become available

H twork
Although the ECC of natural aggregates is relatively low, the shear mass of aggregates used in concrete production means their
o is often done by

trucks s I possil
should be . and a fficient, mod lland barges
e The use of recycled, wast
of concrats, fcial
jgh CCUS that may offer her carbon reduction in the future.

How would you quantify GWP reducti
GWP reduction is incurred by replacing aggregates with relatively high ECC with those with lower ECC. The assessment is done at
the concrete

Recommended Acti
ensure that barriers to the use of quality recycled,
3 materials, as well s artifcial remove g the use of low ECC concrete,
validated through an EPD, i i issions.
Implementa e
Tow K €D,
a |, wast "
. quality ), waste, and byproduct aggregate materials, as
I
o Implementation
. ‘ge mode of markets.
o lack v veled, waste, and by
Expected Impact
I a into not current practice. In
time, it will be cost neutral or e
Referenc
P Tech C \_practioner_guide_w_cvrpd.
FHWA df.
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Strategy 4 — Performancg Specifications for Concrete Pathways Using Performance athways for Law-Carbon
Mixtures Specifications )
* Requirements for concrete should include both ECC targets and + Narrative and tables to support RemovalofSlump Limis
performance of concrete over time pathways based on performance GHEE
* Prescriptive requirements often create barriers to reducing ECC specifications
without assurance of long-term performance . . .
- Prescriptive requirements are rooted in past experiences * This is an evolving area of interest
- This is not bad, but does limit the ability to do something new and will be a major focus of
continuing efforts

- There are often restrictions on cementitious materials types and
allowable replacement levels, minimum cementitious materials
content requirements, and strength-based milestones to be
achieved that are not linked to performance, yet may provide a
barrier to reducing ECC

+ Adoption of AASHTO R 101 - Standard Practice for Developing
Performance Engineered Concrete Pavement Mixtures can help

——————————_ |

Table 6. Use of Performance Specification to Reduce the ECC of the Concrete Mixture
o Strategy 5 — Other Considerations
Performance-Specifications

* Reduced fuel consumption in production and transportation of
concrete
* Renewal energy grid, optimized plant operations, natural gas
fueled trucks, etc.
+ Calcium carbonate mineralization in production of concrete

» Other?

. relat
specifications. Changes should be made to their specifications o support adoption of performance-related specifications and

 Ensure specifications allow 3 broad range of cementitious binders, significantly reduce or eiiminate minimum cement

d instead look

and long-term service

ill need to acquire equipment and qualifications needed to conduct testing that is not
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Part 3: Quantification

Using This Guide

* Quantify greenhouse gas (GHG)

emissions is an essential element in
producing low ECC concrete

» The use of an environmental product
declaration (EPD) produced in
accordance with ISO 14025 is the
preferred quanitification tool

* An GHG emission estimating tool is

provided for use if an EPD is not yet
available

1. Following Strategy 1, select a lower ECC cement
« Use higher than normal replacement level of portland
cement with SCMs at the concrete plant
* Replace AASHTO M 85 (ASTM C150) with AASHTO M 240
(ASTM C 595) blended cement
+ Aim to achieve 50% or less total portland cement for the
binder
2. Following Strategy 2, reduce total cementitious content
through aggregate optimization
« An example would be to use the “Tarantula Curve” to blend
in intermediate aggregates reducing total cementitious
materials content from 564 pcy to 500 pcy

Using This Guide

3. Following Strategy 3, use lower ECC aggregate
- Use recycled concrete aggregate processed near site instead of
transporting virgin aggregate long distance
* Note that carbon savings needs to be demonstrated through
supporting calculations
+ Use a manufactured aggregate produced through carbon
sequestration
4. Following Strategy 4, adopt performance specifications that
eliminate barriers inherent in prescriptive specifications
* Move away from minimum cementitious contents and maximum
SCM replacement levels
-+ Adopt acceptance testing linked directly to performance

5. Following Strategy 5, investigate opportunities that emerge

Using This Guide

» Quantification of ECC needs to become
commonplace

+ Simply business as usual
* In time, this will be extended beyond
Stages A1-A3
* In the short-term, it is essential that
representative data is collected to create

a meaningful benchmark to assess
improvement




