Q

U.S. Department of Transportation
Federal Highway Administration

Turner-Fairbank

Portland Limestone Cement -
Variability and Use In

T < W] T o /A =) TR

High-Early-Strength (HES) S
Concrete Mixtures |

American Concrete Institute (ACI)
Spring 2024 Meeting

New Orleans, LA

Michelle Cooper

Concrete Materials Research Engineer,

Federal Highway Administration (FHWA), Office of Infrastructure
Research and Development, Infrastructure Materials Team

March 26, 2024

Source: FHWA.



Who Am [? VIRGINIA

» B.S. In Civil Engineering from Virginia TEC,,H,,
Tech
UNIVERSITY OF
» Worked at NIST ILLINOIS
» M.S. in Civil Engineering from UIUC R A
» Worked as a forensic structural Turner-Fairbank
engineer |
J | | Hghway Research Center
» Concrete Materials Research e
Engineer for FHWA TFHRC
: . Michigan
» Concrete Sustainability Ph.D. student ﬁ Technological
at Michigan Tech less| University
St E——
@ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Turner-Fairbank




Luca Montanari

lucopr@gmail.com
Graduate Student
The University of Texas at Austin

Dr. Maria Juenger

juenger@mail.utexas.edu
Professor
% The University of Texas at Austin

Michelle Cooper

Michelle.Cooper@dot.gov
Concrete Materials Research Engineer
Federal Highway Administration

R

U.S. Department of Transportation

Federal Highway Administration

Payam Hosseini
Payam.Hosseini.CTR@dot.gov

Materials Research Engineer

Robert Marinello
Robert.Marinello.CTR@dot.gov

Technician

Scott Muzenski
Scott.Muzenski.CTR@dot.gov

Concrete Research Engineer
Concrete Contract Laboratory Manager
Genex Systems




Acronyms and Abbreviations

Acc
ADOT
AE

AFt

Al
AlL,O,
FHWA
GG
HES
HRWR
MK
NAE
OPC
PennDOT
PLC
SCM
TXDOT
wi/c

Wit

accelerator

Arizona Department of Transportation
air entrained

aluminate ferrite trisubstituted
alumina

alumina oxide

Federal Highway Administration
ground glass

high-early-strength

high-range water reducer

metakaolin

non-air entrained

ordinary portland cement
Pennsylvania Department of Transportation
portland limestone cement
supplementary cementitious material
Texas Department of Transportation
water-to-cement ratio

weight

enrormansonain TUTNEI=-FAIrOANK

Federal Highway Administration




Why IS FHWA Performlng Use tools such as calorimetry to
P LC Research’) investigate the early-age reaction

behavior of the PLC or the PLC in

: : 1 combination with the anticipated
PLC TechNote is available!(%) ~dmixtures and SCMs.

It discusses implementation challenges

and best practices. Differing sulfate content
o N requir.emen.ts for PLC concretes—
et | especially with SCMs, compared to
OPC concretes.
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e Evaluate production variation (e.g.,

S | strength or air content) prior to

' R transitioning from OPC to PLC to
provide an understanding of

within-plant product variations.
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FHWA PLC Research

PLC Variability

Provide the industry with
iInformation regarding how
different PLC
characteristics can affect
performance.

Federal Highway Administration

PLC for HES Concretes

Evaluate how PLCs can
be used in HES
concretes.




Hydration Kinetics

Typical Hydration Kinetics Curve
From Isothermal Calorimetry
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Hydration kinetics relate to:
» Performance.
» Reactivity:
> Rate of reaction.
> Magnitude of reaction.
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Limestone Effects in Cement

Nucleation Effect Particle—Packing Effect Chemical Effect
0 O )
:Q QO AFt , 4400
® Q- O+iy»7 +E

PLC System OPC System PLC System OPC System

= Cement Clinker Q = Limestone = Reaction Products Al = Alumina Source

4

L &.6.4
s g s00
AFt = Ettringite 23

*e
00 2 5
;5: = Hemi/Monocarboaluminate

Source: FHWA.(®

o .
"m Turner-Fairbank

Federal Highway Administration | HiQhWOY Research Center




Map of PLCs Tested From Around the
United States
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Blaine Fineness®
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Density
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Calcium Carbonate Content
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Category Description Number of PLCs Tested

S u Ifati O n 1 Properly sulfated

4
2 Three close peaks 7
3 Overlapping alite and aluminate peaks 2
4 Higher aluminate peak than the alite peak 2
5 Four peaks 1
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Correlations
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How Can PLC Characteristics Affect

Performance? (1/3)
Potential influence on

PLC characteristic: performance:
» Fineness. » AIr content.
» Density. » Slump.
» Sulfate level. » Setting time.
» Calcium carbonate » Strength development.
content. » Water demand.
» Shrinkage.

16



How Can PLC Characteristics Affect

Performance? (2/3)
Potential influence on

PLC characteristic: performance:
_ » Alr content.
» FIneness.
_ » Slump.
» Density.

» Setting time.

» Strength development.
» Water demand.

» Shrinkage.

» Sulfate level.

» Calcium carbonate
content.




How Can PLC Characteristics Affect

Performance? (3/3)

PLC characteristic:

» Fineness.
» Density.
» Sulfate level.

» Calcium carbonate
content.

Potential influence on
performance:

» AIr content:
> Slump.é

» Setting time.

» Strength development.
» Water demand:
» Shrinkage.

Durability

18



Heat flow (mW/g PLC)

Varying effects when combined with SCMs
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Summary

» Higher fineness typically results in higher water demand.
» Densities ranged from 3.03 to 3.10 g/cm?.

» Calcium carbonate contents:
> Ranged from 5 to 17 percent.
> Correlated with lower densities.

» Varying sulfation levels lead to varying hydration kinetics and
performance.

» Greater variability in hydration kinetics expected when used
with SCMs.

Y of Transporition TurnerFFoirban
strar nway Research Center
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Objective

Highlight the potential differences when switching OPC with PLC
In HES mixtures.

Set accelerators Polycarboxylate
and corrosion HRWR

- hibitors High-reactivity

SCM: Low-reactivity

SCM:
Ground glass
(GG)

to ensure
workability high purity
metakaolin

(MK)

ASTM C494:™
type C
calcium nitrite and
calcium nitrate based

ASTM C494:4
types Aand F
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Mixture Designs Tested*

Cementitious Material Mass (percent Set Accelerating

__PLC_| OPC | GG | MK | Admixture(Y/N
PLC 100 0 0

OPC 0 100 0

70PLC 30GG 70 0 30
95PLC 5MK 95 0 0
70PLC 25GG 5MK 70 0 25
PLC Acc 100 0 0

OPC Acc 0 100 0
70PLC 30GG Acc 70 0 30
95PLC 5MK Acc 95 0 0
70PLC 25GG 5MK Acc 70 0 25

Gl o [ o [& o (@ © & O
N <F <P ZE ZEZ

*Montanari, L., M.A. Helsel, P. Hosseini, and M. Juenger. “Evaluation of early age strength and porosity of binary and ternary mixtures incorporating portland limestone cement and a set accelerator.” In progress.

Y =yes; N =no.
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Normalized Heat Flow

Without Accelerators
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- — 99PLC 5MK
] -70PLC_25GG_5MK
0.006 -

0.004 - PN

Normalized Heat Flow (W/g.,)

0 4 8 12 16 20

Time from Mix (Hours)

Normalized Heat Flow (W/g.,)

0.01

0.008

0.006

0.004

0.002

With Accelerators

——PLC_Acc
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Time from Mix (Hours)

*Montanari, L., M.A. Helsel, P. Hosseini, and M. Juenger. “Evaluation of early age strength and porosity of binary and ternary mixtures incorporating portland limestone

cement and a set accelerator.” In progress.
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All images: FHWA.*

25



Cumulative Heat Released

Without Accelerators
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*Montanari, L., M.A. Helsel, P. Hosseini, and M. Juenger. “Evaluation of early age strength and poraggity of binary and ternary ffjixtures incorporating portland limestone

cement and a set accelerator.” In progress.

o .
"m Turner-Fairbank

Federal Highway Administration | Highway Research Center

All images source: FHWA."

26



With Accelerators

Mortar Cube Strength

Without Accelerators
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Time from Mix (Days)

Time from Mix (Days)
*Montanari, L., M.A. Helsel, P. Hosseini, and M. Juenger. “Evaluation of early age strength and porosity of binary and ternary

mixtures incorporating portland limestone cement and a set accelerator.” In progress.
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All images source: FHWA.*
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Porosity

Without Accelerators With Accelerators
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All images source: FHWA *
*Montanari, L., M.A. Helsel, P. Hosseini, and M. Juenger. “Evaluation of early age strength and porosity of
binary and ternary mixtures incorporating portland limestone cement and a set accelerator.” In progress.
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Concrete Strength Development

Extrapolated using isothermal calorimetry, mortar cube strengths, and

Bentz et al.°> methodo
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*Montanari, L., M.A. Helsel, P. Hosseini, and M. Juenger. “Evaluation of early age strength and porosity of

binary and ternary mixtures incorporating portland limestone cement and a set accelerator.” In progress.
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PLC Use in HES Mixtures Related Publications

Evaluation of Early Age Strength and Porosity of Binary and
Ternary Mixtures Incorporating Portland Limestone Cement and a
Set Accelerator

Authors

Luca Montanari (Corresponding Author)!
Michelle Helsel?

Payam Hosseini®

Maria Juenger*

\Graduate Student
Cockrell 3chool of Engineering
University of Texas at Austin

Austin, TX 78712 (lucopr@gmail com)

Conerete Laboratory Federal Lab Manager
Tumer-Fairbank Highway Research Center
Federal Highway Administration
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*Concrete Materials Research Engineer
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*Professor
Caockrell Scheol of Engineering
University of Texas at Austin
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Upcoming Publication*

Abstract

With the goal of reaching carbon neutrality by 2030, the cement and concrete industries in the
US have accelerated the implementation and adoption of technologies that promote the reduction
of embodied carbon emissions in new concrete mixtures. One of the available strategies to
reduce the embodied emissions of concrete is the use of cements with a lower clinker content
than the typical ordinary portland cement (OPC). Portland limestone cement (PLC) is one
example of lower clinker cement, thanks to the limestone content ranging between 5 and 13%.
PLC iz dezigned to provide zimilar 28-day comprezzive strength to an OPC produced from the
zame clinker. However, little information and data are currently available regarding PLC's
ability to satisfy very early age mechanical performance (i, within 24 hours from initial
mixing) for high-early-strength (HES) concrete applications. Due to the partial replacement of

*Montanari, L., M.A. Helsel, P. Hosseini, and M. Juenger. “Evaluation of early age strength and clinker with limestone in PLC, it is not immediately clear whether early aze reactions can

porosity of binary and ternary mixtures incorporating portland limestone cement and a set
accelerator.” In progress.

Source: FHWA."
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Summary

Can we use PLC in HES mixtures? YES!

» PLC can replace OPC in HES mixtures with and without SCMs and
accelerating admixtures while meeting State HES requirements,
depending on:
> SCM replacement level.
> SCM reactivity and type.
> Exposure class.
> Reopening strength and time requirements.

» The inclusion of accelerators improved early-age degree of reaction
and compressive strength for all systems.

15 beparmentomansporiion 1UINEI-FAIrDANK
eeeeeeee ighway Administration | Highway Research Center
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Disclaimer

The U.S. Government does not endorse products or manufacturers. Trademarks or manufacturers’
names appear in this presentation only because they are considered essential to the objective of the
presentation. They are included for informational purposes only and are not intended to reflect a
preference, approval, or endorsement of any one product or entity.

Except for the statutes and regulations cited, the contents of this presentation do not have the force
and effect of law and are not meant to bind the States or the public in any way. This presentation is

intended only to provide information regarding existing requirements under the law or agency
policies.
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