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Who Am I?
► B.S. in Civil Engineering from Virginia 

Tech

► Worked at NIST

► M.S. in Civil Engineering from UIUC

► Worked as a forensic structural 
engineer

► Concrete Materials Research 
Engineer for FHWA TFHRC

► Concrete Sustainability Ph.D. student 
at Michigan Tech

© Virginia Tech, https://brand.vt.edu/identity/logo.html

© University of Illinois, https://marketing.illinois.edu/visual-
identity/logo

© Michigan Tech, 
https://www.mtu.edu/umc/resources/download/

Source: FHWA.
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Acronyms and Abbreviations
Acc accelerator

ADOT Arizona Department of Transportation

AE air entrained

AFt aluminate ferrite trisubstituted

Al alumina

Al2O3 alumina oxide

FHWA Federal Highway Administration

GG ground glass

HES high-early-strength

HRWR high-range water reducer

MK metakaolin 

NAE non-air entrained

OPC ordinary portland cement

PennDOT Pennsylvania Department of Transportation

PLC portland limestone cement

SCM supplementary cementitious material

TxDOT Texas Department of Transportation

w/c water-to-cement ratio

Wt weight
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Why Is FHWA Performing 
PLC Research?

PLC TechNote is available!(1) 

It discusses implementation challenges 

and best practices.

Source: FHWA.(1)

https://highways.dot.gov/research

/publications/infrastructure/FHWA

-HRT-23-104.pdf (1)

Use tools such as calorimetry to 

investigate the early-age reaction 

behavior of the PLC or the PLC in 

combination with the anticipated 

admixtures and SCMs.

Differing sulfate content 

requirements for PLC concretes— 

especially with SCMs, compared to 

OPC concretes.

Evaluate production variation (e.g., 

strength or air content) prior to 

transitioning from OPC to PLC to 

provide an understanding of 

within-plant product variations. 

https://highways.dot.gov/research/publications/infrastructure/FHWA-HRT-23-104.pdf
https://highways.dot.gov/research/publications/infrastructure/FHWA-HRT-23-104.pdf
https://highways.dot.gov/research/publications/infrastructure/FHWA-HRT-23-104.pdf
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FHWA PLC Research

PLC Variability

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

PLC for HES Concretes

Evaluate how PLCs can 
be used in HES 
concretes.
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Hydration Kinetics

Typical Hydration Kinetics Curve 
From Isothermal Calorimetry

Hydration kinetics relate to:
 Performance. 

 Reactivity:
 Rate of reaction.

 Magnitude of reaction.

Source: FHWA.
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PLC Variability

© Uschools/iStock.
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Limestone Effects in Cement

Source: FHWA.(1)
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Map of PLCs Tested From Around the
United States

MI

MO

IN

IA

CA

TX

Original map © 2024 MapChart. Modified by FHWA.(2)
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Blaine Fineness(3)

Distribution of Measurements

All images source: FHWA.

Minimum and Maximum of Fineness 
Measured for PLCs Versus OPC
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Density

Distribution of Measurements
Minimum and Maximum of Density 
Measured for PLCs Versus OPC

All images source: FHWA.
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Calcium Carbonate Content

Distribution of Measurements

Minimum and Maximum of 
Calcium Carbonate Content 
Measured for PLCs Versus OPC

All images source: FHWA.
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Sulfation

All images source: FHWA.

Category Description Number of PLCs Tested

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

-

Source: FHWA.
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How Can PLC Characteristics Affect 
Performance? (1/3)

PLC characteristic:

► Fineness.

► Density.

► Sulfate level.

► Calcium carbonate 
content.

Potential influence on 
performance: 

► Air content.

► Slump. 

► Setting time. 

► Strength development.

► Water demand.

► Shrinkage.
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How Can PLC Characteristics Affect 
Performance? (2/3)

PLC characteristic:

► Fineness.

► Density.

► Sulfate level.

► Calcium carbonate 
content.

Potential influence on 
performance: 

► Air content.

► Slump. 

► Setting time. 

► Strength development.

► Water demand.

► Shrinkage.
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How Can PLC Characteristics Affect 
Performance? (3/3)

PLC characteristic:

► Fineness.

► Density.

► Sulfate level.

► Calcium carbonate 
content.

Potential influence on 
performance: 

► Air content.

► Slump. 

► Setting time. 

► Strength development.

► Water demand.

► Shrinkage.

Durability
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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/cm3.

► 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.



21

PLC-Related Publications
Background and best practices TechNote 

is available!(1)

All images source: FHWA.https://highways.dot.gov/research

/publications/infrastructure/FHWA

-HRT-23-104(1)

Upcoming Publications

TechNote: PLC 

Variability*

Journal paper: “Determining 

the sulfation level of PLC 

using isothermal calorimetry”†

*Hosseini, P., M. Helsel, and S. Muzenski. Portland Limestone Cement Variability. Washington, DC: 

FHWA. In progress.

†Hosseini, P., M. Helsel, and S. Muzenski. Forthcoming. “Determining the sulfation level of portland-

limestone cement (PLC) using isothermal calorimetry.” In progress.

https://highways.dot.gov/research/publications/infrastructure/FHWA-HRT-23-104
https://highways.dot.gov/research/publications/infrastructure/FHWA-HRT-23-104
https://highways.dot.gov/research/publications/infrastructure/FHWA-HRT-23-104
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Use of PLCs in HES Mixtures

© Uschools/iStock.
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Objective

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

Set accelerators 

and corrosion 

inhibitors

ASTM C494:(4) 

type C

calcium nitrite and 

calcium nitrate based

Polycarboxylate 

HRWR

to ensure 

workability

ASTM C494:(4)

types A and F

High-reactivity 

SCM: 

high purity 

metakaolin 

(MK)

Low-reactivity 

SCM: 

Ground glass 

(GG)
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Mixture Designs Tested*

Y = yes; N = no.

*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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Normalized Heat Flow

Without Accelerators With Accelerators
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All images: 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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Cumulative Heat Released

Without Accelerators With Accelerators

All images source: FHWA.*
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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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Mortar Cube Strength

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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Porosity

Without Accelerators With Accelerators
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All images source: FHWA.*
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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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Concrete Strength Development

Non-Air Entrained Air Entrained
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Extrapolated using isothermal calorimetry, mortar cube strengths, and 
Bentz et al.5 methodology.

All images source: FHWA.*

ADOT   

*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.

ADOT   



30

PLC Use in HES Mixtures Related Publications

Upcoming Publication*

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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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.
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Questions?
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© 2021 Peeterv / iStock.

Contact

Michelle Cooper

michelle.cooper@dot.gov
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Extra Slides

© Uschools/iStock.
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SCM Reactivity

Less 

Reactive

More 

Reactive

Ground 

Glass

High 

Purity MK

Fly Ash  

Class F

Fly Ash  

Class C

Slag

Silica 

Fume
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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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