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Presentation Notes
Embracing the Use of Blended Cements to Reduce Concrete’s Carbon Footprint


Learning Objectives

Learning how to work with PLC

| EEX
|45,

1.Understand the potential savings in CO2 T
footprint when using PLC to make concrete s o
and explain how that is achieved.

2.State the replacement level and how to
modify mix designs when swapping in PLC
for OPC.

3.State how supplementary cementitious
materials (SCMs) contents are affected by
using PLC.

4.Describe how PLC affects fresh and

hardened concrete properties relative to
OPC concrete.
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Presenter
Presentation Notes
The CO2 footprint of the construction industry is a? problem? opportunity?
A focus on CO2 is likely to grow stronger as time passes


Concrete Is Environmentally Friendly
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Presentation Notes
And we can’t forget that concrete is environmentally friendly. A good combination of low embodied energy and low embodied CO2 relative to other building materials.
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America's Cement Manufacturers™

—_— Shaped by Concrete Campaign

S h a e d ABOUT CONCRETE SHAPING OUR WORLD

homes, schools, communities and cities have all been shaped by cement a
other material consumed more than concrete is water.

ABOUT

CONCRETE SHAPING OUR WORLD ROADMAP TO CARBON NEUTRALITY

Concrete Shaping Our World

Enhancing Sustainability

The cement and concrete industry continues to be committed to a sustainable
future, improving and innovating in a variety of ways and reducing energy
associated with waste and maintenance. Our industry also supports policies and
BY CONCRETE initiatives that enable the reduction of our carbon footprint.

Roadmap to Carbon Neutrality

Cement and concrete are the foundation of a resilient, durable and sustainable built environment
America’s cement manufacturers have committed to the goal of reaching carbon neutrality throughout the cement-concrete-
' construction value chain by 2050.

Cement is the first — and critical — ingredient in concrete infrastructure. Concrete provides the foundation for the nation’s built
environment through structures that can withstand the extreme weather events that accompany climate change. This includes the
roads, runways, bridges, buildings, waterways and more that we rely on every day.

Creating a Resilient Nation

Our nation and economy are sustained by safe, strong and durable infrastructure
built with concrete, which allows us to better withstand natural disasters -
enabling our lives and economy to function without interruption — and better
address the realities of our changing climate.

Currently, based on U.S. Environmental Protection Agency (EPA) carbon emissions data, the manufacture of cement accounts for
1.25% of U.S. CO, emissions — with demand projected to increase, we have a once-in-a-generation opportunity to set a global
example on building sustainably, utilizing new approaches and advocating for updated technology.

Industry Leadership

Cement and concrete manufacturers play a major role in our communities, and
we are committed to maintaining the health, safety and vitality of our workforce
and local communities.

The cement and concrete industry have developed a Roadmap outlining the opportunities and actions to reach carbon neutrality.
The Roadmap involves the entire value chain, starting at the cement plant and extending through the entire life cycle of the built
environment to incorporate the circular economy. This approach to carbon neutrality leverages relationships at each step of the
value chain, demonstrating to the world that this industry can address climate change.

Foundation of Our Society

Cement and concrete are essential to our progress and development, enabling our CLINKER CEMENT CONCRETE

society to be safer, stronger and more productive. Key chemically The binder TR A
reactive ingredient material to society

CONSTRUCTION

Service life /
use phase impacts

CARBONATION

Concrete is
a CO:zsink
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However more concrete is used annually than any other man-made material, by a factor of about 10. Thus, it is important to look for improvements in concrete sustainability. Something like 50% of ALL manmade materials is concrete (by mass) so the 1.25% of US CO2 production is REALLY efficient.

The corollary of this fact is that anything we replace concrete with will likely drive up emissions and energy usage overall (remember previous slide), even IF we had the volume of materials to replace concrete (we don’t).

[Also given the data on the previous page, it is likely that if we use material other than concrete in many applications, we are raising those structures’ environmental footprints… full LCA must be done for accuracy and specific situations and structures.]


Slide from Barcelo, L.; Kline, J.; Walenta, G., “Cement and CO2:  Status and the Path Forward,” Presented at the International Concrete Sustainability Conference, Seattle, WA, May 8, 2012.

Similar figure in Ashby, Materials and the Environment: Eco-Informed Material Choice, 2012



PCA 2050 Roadmap
to Carbon Neutrality

CO2 and Sustainability

Increasing interest in reducing environmental /. 5 mor? .SUSta'”able world Is
: - : Zz A »Shaped by Concrete.
impact of building materials from many ~
groups: designers, regulators, even the public

The bind Service life /
Concrete is so essential to the way we live, € binder use phase impacts

that our industry must do its part to address
climate issues

Blended cements can help position concrete as
more sustainable

, Key chemically Critically useful Concrete is a
Roadmap executive summary reactive ingredient  material to society CO; sink
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PCA released its roadmap to carbon neutrality in October 2021
Links on slide are to the full roadmap and executive summary

https://www.cement.org/docs/default-source/roadmap/pca-roadmap-to-carbon-neutrality_10_10_21_final.pdf?sfvrsn=7ae5fcbf_60
https://www.cement.org/docs/default-source/roadmap/executive-summary-pca-roadmap-to-carbon-neutrality-10_10_21_final.pdf?sfvrsn=76e5fcbf_2

2050: PCA Attains Carbon Neutrality

| | Service life /
5 Cs approach to getting there The binder use phase impacts

Clinker and Cement — more decarbonated
materials, alternative fuels, improve

manufacturing efficiency, CCUS, new
cement formulations Clinker = | | B Carbonation

Concrete — optimized mixes, more recycled
materials and SCMs, performance specs

Construction — optimization in design,
delivery, handling, zero waste Key chemically Critically useful Concrete is a

reactive ingredient material to society CO, sink

Carbonation — quantify natural process
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Describe some of the approaches to move the industry toward carbon neutrality


PLC Is aKey Lever
for the Roadmap

CO2 Footprint of Construction

CO2 problem?

CO2 opportunity! e
PLC is proven technology pOﬂIand-IimeStone

PLC can help position cement reduces |
concrete as more sustainable -
carbon footprint by 2
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The CO2 footprint of the construction industry is a? problem? opportunity?
A focus on CO2 is likely to grow stronger as time passes


Portland-limestone
cements

Embracing thei oncrete’s carbon footprint



What I1s PLC?

A greener cement option

A blended cement with
additional limestone content,
optimized for performance

The easiest way to reduce
your carbon footprint by up to
10%

Suitable for buildings, bridges,
pavements, geotechnical
applications

Readily available throughout
the U.S. and Canada

plcwy

CO2 Calculator Resources

portland-limestone

cement

Reduce Your Carbon

Footprint With PLC

The same durable, resilient concrete you depend on
can now reduce your carbon footprint by up to 10%.

Easy. Proven. Readily available.



Evolving Cement
Specifications

Environmentally driven changes

Performance cements C1157 (1992)

Portland cements C150
Limestone (2004, 2007)
Inorganic processing additions (2009)

Blended cements C595
Nomenclature (2006)
Type IT (2009)

Type IL (2012)
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In the last 15 years there have been a number of initiatives in the specifications arena that have been motivated by environmental concerns.  Even as far back as 1992 arguments for a performance-based specification include the possibility to innovate and produce more environmentally friendly cements. But C1157 cements have not gained a big share of the market.

The portland cement specification was modified in 2004/2007/2009 to allow for some clinker to be replaced by other ingredients. But limestone additions are capped at 5%, and inorganic processing additions are also capped at 5%. It helps, but it’s not enough and we can easily do better for the environment.

C595 blended cements have been around for over 50 years (standard first published in 1967) and these formulations allow for greater additions of other (non-clinker) components to improve the sustainability of the cement. In particular, let’s focus on materials shown on the last line of the slide, Type IL.

Specifications define what can be called a portland or blended cement and what its characteristics are. They are lists of requirements and serve as a shorthand for communication between buyer and seller.


U.S. Standards

Cementitious Materials and Concrete Standards

C150 portland cement — Types | and I/1l, 11, lll, and V

C595 blended cement — Types IP, IS, IL, and IT. Allows for
pozzolans, slag cement, limestone

C1157 hydraulic cement — Types GU, HE, MS, HS, MH,
LH. “Performance” specification does not specify chemical
composition, but allows for pozzolans, slag cement, and
limestone

C94 ready-mixed concrete — equal recognition of C150,
C595, and C1157 and equal handling of SCMs

C476 grout for masonry — equal recognition of C150,
C595, and C1157 and equal handling of SCMs
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Presentation Notes
These are the main standards for cement and concrete in the U.S. 

There are other standards for supplementary cementing materials (SCMs) like fly ash and slag.


Long Track Record

Blended limestone cements

History of good performance, even at higher
limestone contents than the U.S.

Europeans introduced in the late 1960s
Canada has used them since the late 2000s

U.S. standards in place since 2012 (even
earlier as C1157 performance cements)

Market share for blended cements grows as
users gain comfort working with them
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U.S. Is currently more 1 MMT/year
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Blended cements have been used for decades in countries around the world. Experience has shown that their use increases as people become more familiar with them.


Mix Designs with PLC

Proportioning, batching, and mixing

PLC replaces ordinary portland cement at 1:1 ratio

PLC allows for the same dosages of fly ash or other
pozzolans, slag cement

As with any new material, some testing is warranted
to confirm effect fresh and hardened properties

Air content, slump, bleed potential, setting time,
compressive strength

Some producers report no adjustments are needed,
others tweak proportions or adjust admixture
dosages
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Presentation Notes
It’s easy to switch portland cement concrete mixes to portland-limestone cement.


Mix Designs with PLC

Typical effects on fresh and hardened properties

Worka biIity Increase or decrease
No significant effect on admixtures
BIeeding Decreases with increasing fineness

Generally of no concern

Setting time (initial, final)

Can be slight decrease w/increasing fineness
Not a concern even up to 15% limestone

Heat of hydration

Slight increase at early ages (up to 48 hours)
But less significant at later ages

Compressive strength

Can increase slightly
Both early-age and long-term strengths

Scaling and freeze-thaw resistance

Use same techniques as with OPC concrete mixes:
Proper air-void systems, curing, higher strengths

Sulfate resistance

Use same techniques as with OPC concrete mixes:
Low w/cm, min. strength, and MS or HS designations
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Presentation Notes
OPC refers to ordinary portland cement. The effects of PLC on OPC mixes are typically minimal because cement manufacturers optimize PLCs to perform similarly to OPC.


PLC for Special Properties

Cement modifiers

Sulfate resistance — MS, HS
Sulfate-containing soils
Sulfate-containing groundwaters

Heat of hydration — LH, MH
For mass concrete placements
No counterparts in CSA

High-early strength — HE
For precast concrete

New in August 2021

Cement type OPC PLC
C150 C595
(M 85) (M 240)
General use | IL
moderate sulfate 11, [I(MS) IL(MS)
resistance
moderate heat of II(MH) IL(MH)
hydration
high sulfate resistance Vv IL(HS)
low heat of hydration IV IL(LH)
high-early strength 1] IL(HE)
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PLCs have the same type of modifiers as portland cement does to denote special characteristics. Check with your cement supplier to verify availability.


Working with PLC Mixes

Normal operations for:

Placing

Finishing

Curing

As fineness increases, may see:
Slightly less bleed water
Slightly shorter setting times
Slightly higher water demand

Virtually the same handling and
performance as OPC



Presenter
Presentation Notes
There might be slightly less bleed water, slightly shorter setting times, slightly higher water demand in concretes with higher fineness PLCs.

Minor to no differences in workability, placing or finishing characteristics. 

Traffic barrier is from Sarnia, ON.


Performance of PLC
concrete

A look at hardened properties
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A lot of research has been done to compare OPC and PLC concrete.


Performance of PLC
concrete

Early age strength development with and without SCMs

10 Strength at 1 day | Strength at 7 days
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Compare blue to yellow bars in the next several figures. In every case, yellow (PLC) compares really well to blue (OPC), that is, they perform the same.

Early concrete strengths are similar in the PLC and the portland cement. These have water:cement ratio of 0.45. and the fly ash was Class F, with about 11.5% CaO. Similar impact of fly ash and slag used as well.

Thomas, Michael, D. A. and Hooton, R. Doug, The Durability of Concrete Produced with Portland-Limestone Cement: Canadian Studies, SN3142, Portland Cement Association, Skokie, Illinois, USA, 2010, 28 pages. Available at:  http://www.cement.org/bookstore/profile.asp?store=&pagenum=1&pos=0&catID=&id=17029.


Performance of PLC

Concrete

Later age strength development with and without SCMs

Compressive Strength (MPa)
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Later concrete strengths, to 56 days, are comparable as well. Again, use of fly ash and slag provides similar performance whether PLC or PC is used.

Thomas, Michael, D. A. and Hooton, R. Doug, The Durability of Concrete Produced with Portland-Limestone Cement: Canadian Studies, SN3142, Portland Cement Association, Skokie, Illinois, USA, 2010, 28 pages. Available at:  http://www.cement.org/bookstore/profile.asp?store=&pagenum=1&pos=0&catID=&id=17029.


Performance of PLC
concrete

“Permeability” T277/C1202
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Chloride permeability values are comparable. Trends are just like you’d expect.

Thomas, M. D. A.; Cail, K.; Blair, B.; Delagrave, A.; and Barcelo, L., “Equivalent Performance with Half the Clinker Content using PLC and SCM,” 2010 Concrete Sustainability Conference, National Ready Mixed Concrete Association, April 13 to 15, 2010, Tempe, Arizona.


Performance of PLC

Concrete

Scaling resistance (ASTM C672)

Mass Loss (g/m2)
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400
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Thomas et al. 2010


Presenter
Presentation Notes
Mixed results in scaling resistance testing, but all concretes meet common requirements for scaling resistance (1000 g/m2, or 800 g/m2 are often used).


Thomas, M. D. A.; Cail, K.; Blair, B.; Delagrave, A.; and Barcelo, L., “Equivalent Performance with Half the Clinker Content using PLC and SCM,” 2010 Concrete Sustainability Conference, National Ready Mixed Concrete Association, April 13 to 15, 2010b, Tempe, Arizona.


Performance of PLC
concrete

Freeze-Thaw Resistance (ASTM C666)
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Freeze-thaw resistance testing showed good performance for all of these concretes. Reminder to get the proper air content.

Two different w/c or w/cm ratios, two different SCMs (slag or fly ash)

Thomas, M. D. A.; Cail, K.; Blair, B.; Delagrave, A.; and Barcelo, L., “Equivalent Performance with Half the Clinker Content using PLC and SCM,” 2010 Concrete Sustainability Conference, National Ready Mixed Concrete Association, April 13 to 15, 2010b, Tempe, Arizona.


Performance of PLC
Cconcrete

Field Trials: Pavement slab after one winter

PLC + 25% SCM

o .
PLC + SCM _ PC + 25% SCM

PC + 50% SCM
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If you’re standing there, you can’t tell the difference among any of these slabs (mixes).

“Field Trials of Concretes Produced with Portland Limestone Cement” Thomas et al, ACI CI 2010, Fig. 6: Pavement slab after one winter. Sections comprised
mixtures with 25 and 50% SCM replacement levels and with either PC or PLC


Performance of PLC
concrete

ASR resistance
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Test (age when expansion reported) Thomas et al. 2010


Presenter
Presentation Notes
This figure shows the expansion of mortar bars and concrete prisms containing a highly alkali-silica reactive aggregate (Spratt limestone). Expansion results are reported at 14 days for the accelerated mortar bar test (AMBT) (ASTM C1260), 1 year for the concrete prism test (CPT) (ASTM C1293) and 3 months for the accelerated concrete prism test (ACPT) (this test is similar to the CPT except specimens are stored at 60°C (140°F). This is not a standard test.). The data show that there is no consistent difference between expansions produced with PC compared with PLC.


Thomas, M. D. A.; Cail, K.; Blair, B.; Delagrave, A.; and Barcelo, L., “Equivalent Performance with Half the Clinker Content using PLC and SCM,” 2010 Concrete Sustainability Conference, National Ready Mixed Concrete Association, April 13 to 15, 2010b, Tempe, Arizona.


PLC and Sulfate Resistance

Same approach as for other blended cements 02 / /
Fly Ash Mixes ——GU
0.18 Standard C1012 = GUL
23C / / GU + 15% FA
Use additional SCMs and low w/cm 016 / / GUL + 15% FA
== GU + 20% FA
] ] 0.14 ——GUL + 20% FA
Use moderate- or high-sulfate resistant types: / / ——GU + 25% FA
o 0.12 —— GUL + 25% FA
= ——GU + 35% FA
Type IL(MS) 2 01 / / GUL + 35% FA
Type IL(HS) -
Type IT(MS)
Type IT(HS)

Performance confirmed by numerous
research studies and decades of field
exposures on real-world installations Exposure, weeks

Blair and Delagrave 2012
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Presentation Notes
ASTM C1012 testing (23°C) with a wide range of portland cements and portland limestone blended cements with or without fly ash show no impact of the limestone. Also tested with slag, SF and ternary systems  @ 23C - All mixes show little expansion (<0.1%) after 18 months of exposure, except for the control mixes (GU and GUL), which show behavior similar to some Type I cements.



Slide adapted from Blair and Delagrave, Durability of Portland Limestone Cement, 2012 International Concrete Sustainability Conference, Seattle, WA, May 2012.
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- How is portland cement made?
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= What are blended cements?
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» Chloride permeability
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PCA R&D SN3148

State-of-the-Art Report on
Use of Limestone in Cements at
Levels of up to 15%

by P. D. Tennis, M. D. A. Thomas, and W. J. Weiss

Note: FAAP-SOL, ALA Masterspec, UFGS 03 30 00,
and ACI and ICC bullding codes permit use of PLE

Satus of accapiance of portang-Mmesione cement i state DOT specificalions ©Portiand Cement Association 2011
- Errata comected September 2014.
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Caltrans Research Confirms PLC Performance

* Provide data to make informed decisions about PLCs

 Oregon State University comprehensive research
program on PLC

* “Impact of Use of Portland-limestone Cement on
Concrete Performance as Plain or Reinforced Material”

e Similar set times, shrinkage, bound chloride contents, and
time to corrosion initiation

e Similar or improved ASR performance and sulfate resistance
e Flexural strength similar to the parent system (-5% to +13%)

 Due to these positive results, Caltrans updated its specs
in October 2021 (exclude FDR for now)


Presenter
Presentation Notes
5 clinker sources (A-E)
All Types II/V cement
6 different mix proportions:
M0 - Plain
M1 - 25% FA
M2 - 20% FA + 5% SF
M3 - 50% Slag
M4 - 25% FA, 25% S
For some select testing:
M5 - 25% natural pozzolan
M6 - 25/30% FA (for select ASR mixes)
Sulfate C1012 testing, 1 year expansion data, all below 0.1% expansion limit (except one of the non-PLC limestone mixes (separate limestone addition))

7% to 8% higher shrinkage with the slag system due to greater chemical reaction. Note: it should be remembered that a 1% variation in paste content can result in shrinkage variations of 6 to 10% [73, 74, 82]. Further, M3 and M4 mixtures made using OPC have approximately 10% more shrinkage than M0.

The Caltrans is the most recent comprehensive study of PLCs but other state DOTs have partnered with local universities (IN, GA, TX for example). In other words, this has been studied extensively and there have been no findings that raise concerns about use of PLC, which is why the DOT map is getting greener.
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Research into PLC Soil-Cement

e Research needed on the efficacy of PLC
in soil-cement applications

Pavements

e Supports all of the markets shown

+ FDR
+ Lean Concrete Base

e Direct comparisons of PLC with OPC
(Type 1/11)

e Testing complete, report being prepared

e Cohesive and cohesionless soils, and
aggregate base materials

Water Resources

e Preliminary results look promising


Presenter
Presentation Notes
Cohesive samples: gradation, plasticity index at 0% and 3% dosages at 0 and 3 days
Cohesionless samples: gradation, moisture-density relationship at 4% and 8%, unconfined compressive strength at 4% and 8% at 7 days
Aggregate samples: same as cohesionless soils


Procuring PLC Concrete

Basics of specifying and ordering
A simple revision to specifications: 1:1
replacement of OPC with PLC
Same suppliers for your ready mix

Same delivery and placing equipment



Presenter
Presentation Notes
PLC concrete comes from the same ready mix producers you use now
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greenercement.com - The PLC Resource

e Calculators for CO2 savings

e Basic, advanced
e Benefits of PLC
 Spec language e i e S
. Case Stu d |eS much you can reduce your carbon footprint.
e PLC avallabllity map e

* Industry partners B |
° FAQS CHOOSE ONE

CO2 Calculator

Enter Your Project Size

e Contact an expert Coymmanctony | T

* Mobile friendly




Specifying PLC
Concrete

Parallel standards for Type IL

State DOT Acceptance of Portland-Limestone Cement
Tentative data: January 2022

ASTM and AASHTO specifications
Adoption varies by state

ASTM C595 Type IL cement along with ASTM
C150 Type | portland cement

Or AASHTO M 240 Type IL cement along with
M 85 Type | portland cement

ACI 318 (building code) and 301 (specification) :

W Accepting
O Flanning to accept

ICC codes . ! ~ - D

O Mo information

Note: FAA P-301, AlA Masterspec, UFGS 03 30 00,

AIA, FAA SpeC|flcat|OnS and ACI and ICC building codes permit use of PLC


Presenter
Presentation Notes
ASTM and AASHTO specifications are harmonized – they have the same requirements
In early January, Maryland and Massachusetts became the 40th and 41st state DOTs to accept PLC
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reenercement.com — Spec language

Get All the Facts

About Portland-Limest

Download Fact Sheet

ent

How to Specfy PLC

C02 Ghlaulator

plcwy

portlond-limestone
cemant

How do | specify PLC?

Specifying PLC for use in concrete is not complicated. PLC is a direct replacement for ordinary
portland cement (OPC), so it only requires ane change to project specifications: Refer to ASTM
€595 Type IL instead of ASTM C150 Type | portland cement. It's that simple. If the concrete
requires special properties, such as sulfate resistance, see “What if | my concrete requires
special properties? below.

DOT Construction using AASHTO Specifications

For some state DOT construction, specifications developed by the American Assodation of
State Highway Transportation Officials (AASHTO) are used instead of ASTM. AASHTO M 85 is
the specification for portland cements; AASHTO M 240 is specification for blended cements.
The technical provisions of AASHTO M 85 and M 240 are the same as those of ASTM C150 and
C595 respectively, so switching to PLC just requires reference to an M 240 Type IL cement
instead of M 85 Type |. Just as with C150/C595, similar special cement types are available— see
“What if | my concrete requires special properties? below.

American Institute of Architects [AlA) MasterSpec

AlA MasterSpec includes PLC as an option under the Blended Hydraulic Cement entry.
MasterSpec Section 0330000 on Cast-in-Place Concrete indudes the following options in
Section 2.50 on Cementitious Materials:

Portland Cement: RSTM C 1S0/C150M, [Type I]1 [Type IXI] [Type L/II]
[Type III] [Type V1, [grayl [white]

Blended Hydraulic Cement: ASTM C ES85/C5585M, [Type IS, portland

blast-furnace alag]l [Type IP, portland-pozzolan] [Type IL,
portland-limeatone] [Type IT, ternary blended] cement.

Federal Aviation Administration (FAA) Specification

For airport construction, PLC is permitted under FAA Advisory Circular AC 150AC No: 150/5370-
10H, Standard Specifications for Construction of Airports. [tem P-501, Cement Concrete
Pavements, includes the following text with the option to use Type IL cements:

501-2.2 Cement. Cement shall conform to the regquirements of
BSTM [ ] Type [ 1.

AT A AN T A AN E AN N A AN TR A AN TR A AN T T AAN TN ANTRAANTIAANTINANS
The Engineer shall specify all of the following that are
acceptable for use on the project:

ASTM C150 - Type I, II, or V.

ASTM C585 - Type IF, IS, IL.

ASTM C1157 - Types GU, HS, MH.

Other cements may be specified with concurrence of the FAA.
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reenercement.com - Partner Resources

e NRMCA CIP on PLC
e Build With Strength

o ACPA Position
Paper on PLC

Portland-limesione cement (PLC) is made with the same
ingredients, processes, snd equipment as portland cement.
PLC iz permitted to contzin between 5 and 15 percemt
permitted o contasim up to 5% Lmestone. PLC can be
engineeted to provide equivalent performance in comcrete
to that provided by portland cement from the same source.
Replacing portland cement with 3 PLC reduces the carbon
dioxide (C0,) fooiprint of concrete by approximately 10%
Using PLC is an important option for projects with a goal
to reduce the carbon fopiprint of concrete and the built
environment and to ensure that comcrete construction is
competiive on  performance, constroctsbility, and
PLC is typically manufactured to achieve squivalence to
portland cement; ready mixed comcTets producers can
replace portland cement with PLC on a 11 basis in
concTete mixtores amd confimme fo use the types and
quantities of supplementary cementiions materials,
sigmificant chamges to established comcrete mixtures with
histerical performance characteristics. Ready mimed
concrefe producers can confimee to operate using well-
estsblished systems with a8 minimsl smount of dismoption.
For most mixtires, concrefe properties are mmchanged by
the use of PLC, although some adjustments of mixiure
proporions of admixhres may be necessary as would be
typical with chamging cement sources. The limestome in
PLC is not 3 supplementary cemenfitions material {(SCM)
and should not be inchided m limite on SCMs in
specifications or used to offter SCMs required for
For comrractors and other instsllers, the handling,
placement, and finishing procedwes for comcrete made
with PLC is similsr snd the same equipment and
techmiques can be uwsed This is mme for all types of
placement methods and different types of constmacton
projects from high-rise buildings, floors, pavements, and
concrete such as slunp retention, setting time, bleeding,
pumpability, workability, and finishability can be expected
0 be the same.

The use of PLC in a wide range of exposure conditions has
been thoroozhly imvestigated to confirm that PLC can be
wed to produce comcrete of the required strength amd
durability. This has been evaluated throwgh laboratory

f

§

EFE

f
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3 4
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Concrete Strength made with PC and PLC

testing and long-term field performsnce in achml
projects. Concrete made with PLC  has  been
demonsirated @0 show resistance to deicer scaline,
freezing and thewing, peneiration of chlorides, sulfate
attack, abrasion, alkali-silica reaction snd other severe
exposure when the appropriate measures are used.

In the US, concrete with PLC has an established track
record for pevements since about 2007. PLC concrete is
a5 equally suited to commercial work as it is o
residential applications. It has been unsed in stmuctural
members for buildings, bridges, or other infrastrochmre,
for cast-in-place and precast applications. The use of
limestone as an ingredient in cement is not new. I has
been permitied in standsrds globally and used in concrete
construction for more than 50 years.

WHY Should PLC be Considered

In respomse to climate change, there are several national,
local, and owmer inifistives or codes to reduce the
environments] impact of construction. Some zroups have
established an aggressive OOy reduction tmelne All
products used in construction have sn envirommental
impact associated with extraction, manufacture, and
transportation. Ome of the factors quanfified is the
emizzion of carbon diowide (COy) associsted with a
mamifacnured product OO0y is one of the emitted gases
that contributes to global warming. The contribution of
all products used on a project add up to the embodied
carbon of a constucted strocture. While concrete,
compared to most construction products, has a relatively
low embodied carbon per it volume, the large volume
used globally makes ifs fotal embodied carbon content

{May 11,

material in concrete mixtures for paving applications when its use provides economic and environmental

benefits.

Background — PLC is an innovative cement that contains between 5% and 15% finely ground limestone,
which can help reduce the carbon footprint of cement production by about 10% relative to ordinary
portland cement (OPC). PLC's are produced and optimized to give equivalent performance to OPC's in
both plastic and hardened concrete properties, and they generally do not require any modification to mix

ACPA Posifions and Parspactives on Key Issues

Portland-Limestone Cements for Pavement Applications

2020) The American Concrete Pavement Association (ACPA) supports and encourages the
acceptance and use of portland-limestone cement (PLC), known as Type IL, as the primary cementitious

designs. PLC is generally available in the United States, although may be limited in some regions.

PLC was originally produced and sold in accordance with ASTM C1157, but since is now accepted im the
biended cement specifications of both AASHTO M 240 and ASTM C595 under the designation of Type IL.
shows PLC acceptance by state departments of transportation and the Federal Awviation

Figure 1

Administration as of April 2020 (after Innis 2018).

See

FUL AA Wlas sz, wid A are o Bundis
coder pamiass of Tope b

Figure 1 Arceptance of PLC by state DOTs and the FAA as of 2020 (after Innis 2018).
hitps:ffwww cement.org/cement-concrete-applications) cement-and-concrete-basics-fags
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NRMCA P2P Initiative
(Prescriptive to Performance)

e Performance specs:
e Describe the end product

* Do not describe how to
achieve the result

» Allow contractors to choose
products, equipment, and
construction procedures
from various alternatives

e Can lead to innovation,
|m?ro_ved qguality, and
optimized products and
construction procedures

INITIATIVE
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Greener Roads
for Right Now!

“Excellent durability and improved sustainability”

Proven technology
Easy to implement
Sustainable, resilient pavements

These states were some early adopters of PLC
concrete pavements — more than a decade ago:

Colorado
Utah

Oklahoma



Presenter
Presentation Notes
PLCs already have more than a decade of use for pavement applications
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One Colorado
Example

US HWY 287 Near Lamar

Built in 2008 — more than a decade of service
Carries heavy trucking & commerce, US - Mexico
Summertime construction — hot and dry (100°F)

7 miles paving and shoulder widening

PLC (10%L), 20% Class F fly ash

695 psi average 28-day flexural strength

Contractor received quality incentive from
CDOT



Presenter
Presentation Notes
One example of a pavement done with PLC
Overall project included full-depth paving, overlays, and shoulder widening


eeeeee

Solil Stabilization In
Florida

Sarasota National residential development

Cement-stabilized soll for road base

Lengthens life of pavement
4% PLC dosage by weight of soll

Data on mix designs demonstrated
performance

Switch to PLC saved an estimated 76 tons of
CO2 on this project



Presenter
Presentation Notes
One example of a pavement done with PLC
Overall project included full-depth paving, overlays, and shoulder widening
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PLC CO2 savings calculator
BY LANE MILES CO2 Calculator Resources

Length (miles) 10 Direct and Immediate*

CO2 Savings with PLC
Width (ft) 20

= 559 Tons
Thickness (in) = 1,117,639 lbs
507 Metric Tons
= 506,953 kg

Cement Factor
(Ib/ cu. yd.) 2064

* Embodied CO2 savings are based on 2021 EPDs for portland cement

CALCULATE AGAIN Vs. Portland:llmestone ce:ment. There. e be additional life-cycle CO2
savings realized, depending on what it is compared to

Basic calculator assumptions:

+ pavement is 12 ft wide by 9.5 in. thick made with concrete having
550 Ib of cement per cubic yard

For advanced calculation, input your total
concrete length, width, thickness, and cement



Presenter
Presentation Notes
The PLC CO2 savings calculator estimates how much you can reduce CO2 based on pavement dimensions and cement factor
EPA equivalencies help explain what that represents


W EPDs for Cement

2016 and 2021 GWP results

LtoR

Portland 2016:

1040 kg CO2eq

Portland 2021:

922 (11.3% drop
from 2016)

PLC 2021:

846 (8.3% lower
than 2021
portland)

ml!.' ! l,.

ENVIRONMENTAL PRODUCT DECLARATION

i
3 b

AASHTOM®S
- or CSA A3001)

= mixed with water, sand, and gravel or crushed stone,

Committed to Sustainability

The United States cement industry is dedicated to
manufacturing a superior product while constantty
improving energy efficiency, minimizing emissions, and
reducing erwironmental impacts.

This Environmental Product Declaration (EPD) was
developed to document the ervironmental impacts of

our products. Inside, you will find ASTM-certified, 150-
compliant information on cement’s environmental footprint,
including energy use and global warming potential. This is
intended for business-to-business communication.

f Our goal is to balance society’s need for cement products

with stewardship of the air, land, and water along with
conservation of energy and natural resources.

i

Cement or Concrete? a;
Cement is actually an ingredient of A
concrete, It is the fine powder that, when

forms the rock-like mass known as concrete.

Cement acts as the binding agent or glue. A chemical
reaction called hydration is triggered when water and
cement are mixed in the right proportions. This reaction
causes the cement to harden and bind the aggregate into a
solid mass.

‘When freshly mixed, concrete can be molded into almost

any form. Yet when hardened, its strength and durability
often exceed that of natural stone.

Pagelof Tl

PCﬂ\ Since 1916 QHLL}

America’s Cement Manufacturers™ INTERMATIONAL

ENVIRONMENTAL
PRODUCT
DECLARATION

PORTLAND
CEMENT

(per ASTM €219 and specified in ASTM C150,
ASTM C1157, AASHTO M 85, or CSA A3001)

EoDe s LeA"

PCA ... Y

Amerfca's Cement Manufacturers = INTERNATICNAL

ENVIRONMENTAL
PRODUCT
DECLARATION

PORTLAND-
LIMESTONE
CEMENT

(per ASTM C219 and specified in ASTM C595,
AASHTO M 240, or CSA A3001)
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Presentation Notes
PCA recently updated its industry wide EPDs and published a first-ever IW EPD on PLC.
Remember that IW EPDs are just an average material of that type. Type III (plant/product-specific) EPDs are more representative of any material in a specific market.
Also note that EPDs are one piece of information and they are best used as part of a life cycle analysis, or LCA.


Lowering Carbon Footprint of Mixes

GWP - kg CO,e/Cubic yard
300
250 277
203 198
200 - 179
159
-
100 - Using PLC in these concrete mixtures would
further reduce their GHG emissions by up to 10%
O L | T | T
US Average 20% 30% 30% Slag 40% Slag 50% Slag
Mix Fly Ash Fly Ash Cement Cement Cement

3000 psi concrete mixes with various SCM contents


Presenter
Presentation Notes
EPDs demonstrate environmental advantages of SCMs ( and PLCs)
As an example of how EPDs are used, we can figure out the carbon footprint of a concrete mix.

The far-left bar on the chart represents the US Average Mix and contains 100% ordinary portland cement.

PLCs are the easiest way to significantly reduce the carbon footprint of any concrete mix.




Green Rating
Systems

Potential credits for PLC

LEED V4, beta V4.1
LEED MRc2
Option 1 Type lIl EPD

Option 2 Optimization less than 10% reduction in
GWP vs. baseline

Maximum of 2 points

Applies to ready mix concrete and masonry grout

Option 2. Embodied Carbon/LCA Optimization (1 point)

Use products that have a compliant embodied carbon optimization report or action plan

separate from the LCA or EPD. Use at least 5 permanently installed products sourced

from at least three different manufacturers. Products are valued according to the table

below.
Reference Document(s)
Report Type for the Optimization Report Valuation
Verification
Report
Prepared by the
Product-specific LCA or manufacturer v,
Embodied Carbon/LCA Action Plan | product-specific Typelll | and signed by
EPD company product
executive
Reductions in Embodied Carbon: BESE‘“”E: Product:
less than 10% reduction in GWP specific LCA, Product- 1 product
relative to baseline specific Type lll EPD, or
Industry-wide Type Il
. ) ) EFD
Reductions ||‘1 En."| bodied Car?nn: Optimized: Product: Comparative ' 5
lﬂ%+. reduction in GWP relative to specific LCA or product- analysis is oroducts
baseline specific Type Ill EPD verified by an
independent
Baseline: Product- party
Reductions in Embodied Carbon: specific LCA or Product-
20%+ reduction in GWP and 5%+ specific Type Il EPD 2
reduction in two additional impact | Optimized: Product- products

categories, relative to baseline

specific LCA or product-
specific Type Il EPD

Note: Reference documents for the optimization reports must be compliant with Option

1.
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Presentation Notes
PLC can help toward credits in LEED and other rating systems
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portland-limestone

Reviewing Learning

O b eCt I V eS Workability Increase or decrease
No significant effect on admixtures

Bleeding Decreases with increasing fineness
Helping you transition to using PLC Generally of no concern
_ _ Setting time (initiaL fina|) Can be slight decrease w/increasing
1. Save up to 10% CO2, the difference In fineness
allowable limestone content between OPC and Not a concern even up to 15%
PLC (currently, 8.2% average in the US) limestone
Heat of hyd ration Slight increase ahtoiarzl)y ages (up to 48

2. 1:1 replacement for OPC makes it easy to use !
But less significant at later ages

3. Start with the same dosage of SCMs, test to Compressive strength Can increase slightly
understand effects Both early-age and long-term strengths
_ _ _ Scalineg and freeze-thaw Use same techniques as with OPC
4. Minor differences in both fresh and hardened 5 - concrete mixes:
properties, may or may not need to adjust resistance Proper air-void systems, curing, higher
admixture dosages strengths
Sulfate resistance Use same techniques as with OPC

concrete mixes:
Low w/cm, min. strength, and MS or HS
designations
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Presentation Notes
One example of a pavement done with PLC
Overall project included full-depth paving, overlays, and shoulder widening


portland-limestone
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