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Quick Note on Terminology

• GU or Type I or PC

• Regular Cement

• GUL or Type 1L or PLC 

• Portland Limestone Cement

This time there may be no going back
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Measuring Sustainability

• Environmental Product Declarations (EPD’s)

• Estimates the lifecycle environmental impact of a 
material.

• Many impacts are estimated. 

• Top focus = Global Warming Potential (GWP) 

▪ Expressed in kg-CO2-equivalent for the material. 

• The CO2 (“energy”) required to extract, 
manufacturer and transport the material.
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Global Warming Potential

• NRMCA – Industry Benchmarks for Concrete (2021)

▪ 4000-5000 psi mix:

▪ GWP 220-358 kg-CO2-eq per cubic yard

• Cement (per ton) 919 (GU-I) 844 (GUL/1L)

• Aggregates (per ton) ~10

• Admixtures Varies, but small

Cement is the naughty ingredient for GWP

Fly Ash & Slag have low GWP compared to cement, but 
we still need cement

Big Emitters like cement plants are under pressure to 
reduce their emission, and PLC helps them do it. 



© KRYTON – CONFIDENTIAL AND PROPRIETARY. | kryton.com  

But Durability is Still Important

“Probably the most effective 
way of making concrete 
more sustainable is to 
increase its effective service 
life.” 

• -Sustainability of Concrete  
Aitcen and Mindess, 2011.
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Abrasion and Wear Resistance
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Abrasion Resistance with 1L Cement

• States PLC vs. PC abrasion resistance is 

comparable, but…

• The data indicates ~8% greater wear depth 

for PLC (15% limestone) compared to PC 

concrete. 
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Other Studies Show Greater Differences

• THE UNIVERSITY OF NEW BRUNSWICK (THESIS), April 2010

• 600 lb cement/cubic yard, 0.45 w/c

• ASTM C944, Rotating Cutter, 200 rpm, 20 kg load

Mix 28 Day Strength 
(psi)

35 Day Abrasion 
Loss (g)

PC 4280 1.5

PLC-15% 4810 2.1

~30% less wear for PC
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Field Experience with PLC

Plastic Concrete

• Higher water demand

• Less bleed water

• More crusting 

• Generally, more difficult finishing

Hardened Concrete

• Greater Dusting

• Reduced Wear Resistance
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PLC Corrosion Performance with Abrasion

Laboratory and Outdoor Exposure Site Evaluations of Portland Limestone Cements

University of Texas at Austin, Technical Report 0-6858-1, October 2019

Corrosion specimens 

hanging from seawall

“…the corrosion potential increases as the limestone 

content increases.”

The results were “surprising” and contradictory to 

chloride diffusion coefficients and previous research.

“PLC concrete systems are more susceptible to 

abrasion that should be expected in marine 

environments. Abrasion can lead to a significant 

decrease in concrete cover and corrosion initiation 

may occur faster than laboratory tests may 

indicate.”
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THE PROBLEM

Cement Paste
(approx. 30% of concrete volume)

Aggregate
(approx. 70% of concrete volume)

CONCRETE: 

CEMENT, WATER, FINE  AND COARSE AGGREGATE 

“cement paste does not 
have good resistance to 

attrition”
– the Civil Engineering Handbook
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Effects of Poor Abrasion Resistance 

Abrasive Wear 
Heavy Industry 

Big Box Retail Slab
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Admixture for Integral Abrasion Resistance 

Unique amorphous mineral-metal micro-structure.

Irregular, non-repeating microstructure for durability. 
Integrates and bonds with cement paste. 

Non-rusting and not staining – suitable in wet 
environments or with air entrained concrete. 

Repeating Amorphous
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ASTM C627: ROBINSON FLOOR TESTER
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Abrasion Resistance

INTEGRAL HARDENING ADMIXTURE 

INCREASE WEAR-RESISTANCE OF CONCRETE

CONCRETE WITH INTEGRAL HARDENERCONTROL CONCRETE
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Erosion/High Pressure Water Resistance

Integral Hardener
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Microcracking and Corrosion Resistance
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The Effects on Microcracks on Durability

• Weathering and service-related microcracks 
present a hidden threat to long-term durability 
that is easy to overlook. 

• Microcracks increase permeability and reduce 
the time to corrosion but have a small effect on 
compressive strength. 

• The concrete looks fine and the strength is fine.

• Finer cements like Type 1L can develop more 
microcracks, especially in the aggregate 
interface zone. 
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Microcracking and Durability

Initial Early Propagation Late Propagation

Loading, restraint and weathering during service
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Microcracking and Crystaline Self Healing Admixtures 

Studied micro-cracking and sealing/healing in concrete. 
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Research Methodology

Samples pre-loaded (PL) up to 90% of 
strength after 28 or 180 days of curing. 

Microscopic analysis of micro-crack features. 

Mechanical Testing. 

Re-evaluated after 90-days sealing/healing
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Microscopic observation of the sealing-healing 

Left: Just after pre-loading. Right: After 90 days curing.



© KRYTON – CONFIDENTIAL AND PROPRIETARY. | kryton.com  

28 Day Sealing Results

PLC
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180 Day Sealing Results

PLC
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Mechanical Testing – Recovery Ratio (Healing)

Compressive 
Strength

Modulus of 
elasticity, 
stiffness 

index

Porosity
Electrical 
Resistivity

Pulse 
Velocity

Ratio of Recovery (RR) = 
# Damage(initial) – # Damage(after healing)

# Damage(initial)

RR = 0 = No Recovery. 

RR = 1 = Full Recovery. 

25
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Recovery Ratios with 1L Cement and Healing Additive

Control CA

Improved  
Recovery 
(Healing)

Pre-loaded to 70% or 90% of 
strength to induce microcracking
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Research Findings

Concrete may develop a permeable network of micro-cracks.

Concrete has a limited ability to seal and heal micro-cracks. 

Sealing and mechanical recovery (healing) are correlated.

Certain crystalline admixtures enhance sealing and healing properties. 

27
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Permeability with Type 1 and 1L Cement 

Assessment of self-healing and durability parameters of concretes 

incorporating crystalline admixtures and Portland Limestone Cement.

UVIC, 2019

Lowest Permeability 
with Crystalline 
Admixture (CA)
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Enhancing 1L Durability Through Admixtures

Admixtures help address 
specific performance 
concerns with PLC in 
certain applications. 

Requiring High Abrasion   
Resistance 

Integral Hardening 
Admixture 

Requiring low 
permeability and 
corrosion resistance:

Crystalline Permeability 
Reducing and 
Sealing/Healing 
Admixtures

Performance with PLC 
Concrete has been 
positive and comparable 
PC Concrete. 



© KRYTON – CONFIDENTIAL AND PROPRIETARY. | kryton.com  

References

• ACI-ASCC Survey on Portland-Limestone Cement Concrete
▪ Concrete International, February 2024

• Assessment of self-healing and durability parameters of concretes incorporating crystalline 
admixtures and Portland Limestone Cement
▪ Pejman Azarsa, Rishi Gupta, & Alireza Biparva May 2019

• Avoiding & Mitigating Alkali-Aggregate Reaction (AAR) in Concrete Structures. 
▪ DIEGO JESUS DE SOUZA, University of Ottawa (Thesis), 2022

• Determining the effects intergerning limestone with Portland cement on the durability of concrete with 
and without SCM. 
▪ Nira Rajbhandari, University of New Brunswick (Thesis), 2010

• Laboratory and Outdoor Exposure Site Evaluations of Portland Limestone Cements
▪ TECHNICAL REPORT 0-6858-1, TxDOT PROJECT NUMBER 0-6858 (2018)

▪ Dr. Jose E. Garcia, Dr. Nicolas N. Tiburzi, Dr. Kevin J. Folliard, Dr. Thano Drimalas, Dr. Michael D.A. Thomas

• State-of-the-Art Report on Use of Limestone in Cements at Levels of up to 15%
▪ Portland Cement Association, 2011, by P. D. Tennis, M. D. A. Thomas, and W. J. Weiss 


