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Why Ground-Glass as an SCM in Concrete?

Why now?
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Traditional Supplementary Cementitious Materials (SCMs)

Fly ash – Class F and Class C

Slag – Grades 80, 100 and 120

Silica Fume

Meta-Kaolin

Natural Pozzolans – Class N

https://acaa-usa.org/wp-content/uploads/2021/12/News-Release-Coal-Ash-Production-and-Use-2020.pdf

Alternative SCMs

Natural Pozzolans (ASTM C618 – Class N)

Calcined Clays 

Biomass ashes

Harvested Ash, Ground Bottom Ashes and Other CCPs

Ground Glass Pozzolans (ASTM C1866 – Type GS and GE)

Blended Supplementary Cementitious Materials (ASTM C1697)
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Glass Manufacturing Statistics

Grandviewresearch

Waste Generation and Management Pathways of 
Glass in the US

https://www.epa.gov/

31% Glass Recycling Rate (3.1 MMT)
62% Glass Landfilled (7.6 MMT)

5

6



Rangaraju, P.R., Glenn Department of Civil 
Engineering, Clemson University; 
prangar@clemson.edu

12/2/2022

NRMCA Concrete Innovations - Session 9 4

ASTM C1866 – Standard Specification for Ground-
Glass Pozzolan for Use in Concrete

Type GS

Type GE

Production of Type GS Ground-Glass Pozzolan

Riviera et al., Advanced Powder Technology, 2018

• Typically, post-consumer glass is collected through Material Recovery Facilities (MRFs)
• On average, per capita consumption of glass on an annual basis is 75 lbs.
• A city with a population of 3,000,000 will produce about 100,000 tons of glass
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Typical Chemical Composition of SCMs

Type GEType GS

ASTM C1866 Chemical Requirements for Ground Glass 
Pozzolans
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Impact of Loss on Ignition (LOI) of GGPs on Air 
Content of Fresh Concrete

LOI in GGPs (Type GS) is 
typically due to Non-Glass 
Residue (NGR).

NGR typically contains paper, 
plastic, metals, solid and liquid 
organic content.

Companies employ proprietary 
methods (ex: grinding, washing, 
separation techniques, etc.) to 
reduce the NGR to below 0.5% 
to meet ASTM C1866 
requirements on LOI.

ASTM C1866 Physical Requirements for Ground Glass 
Pozzolans

Typically, GGPs are ground to 
achieve a specific surface area 
of approximately 1000 to 2000 
m2/kg with an average particle 
size less than a few microns.
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Impact of GGPs on Properties of Concrete Mixtures

Ground Glass as Supplementary Cementitious Material

Increased 
Strength

Increased 
Workability

ASR

Mitigation
Increased Sulfate 
Attack Resistance 

Reduced 
Chloride Permeability

‐

Inappropriate Type or 
Inadequate Fineness of 
Glass can Cause ASR

Pozzolanic Reactivity and Water-Demand of GGP
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Strength-Activity Index of Soda Lime Glass Powder

28-Day Strength Activity Index (Soda Lime Glass) 56-Day Strength Activity Index (Soda Lime Glass)

Afshinnia, 2015, Clemson University

Strength Activity Index of Type GE Glass Pozzolan

Dezfouli-Rashidian and Rangaraju, 2018
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Mechanical Properties of Concrete with Type GE Pozzolan

Compressive Strength Split Tensile Strength

Dezfouli-Rashidian and Rangaraju, 2018

ASR Mitigation Potential of Type GE in ASTM C1293 

Rashidian-Dezfouli and Rangaraju, 2018
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ASR Mitigation Potential of Type GE in ASTM C1567 

Rashidian-Dezfouli and Rangaraju, P.R., 2018

ASR Mitigation Potential of Type GS in ASTM C1293 
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Comparison of ASR Mitigation of Type GE, GS and 
Class F Fly Ash in ASTM C1293 Test

Evolution of Pore Solution Composition in Mixtures 
with Type GS GGP

23℃ 60℃

CONTROL (100% Portland Cement)

20% Type GS + 80% Portland Cement

23℃ 60℃

Afshinnia, 2015, Clemson University
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Influence of Type GS on Rapid Chloride Ion Permeability
(ASTM C1202)

Krstic and Davalos, 2018

Influence of Type GE on Rapid Chloride Ion Permeability
(ASTM C1202)

Rashidian-Dezfouli and Rangaraju, P.R., 2018
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Effect of GGPs on Resistance to Sulfate Attack

Conclusions

Performance of ground-glass pozzolans is dependent on meeting ASTM C1866 requirements, particularly 
in terms of chemical composition, LOI limit and Max. percent retained on No. 325 sieve (45 micron-sieve).  

Type GS and Type GE ground-glass pozzolans are effective SCMs and provide comparable performance 
to traditional Class F and C fly ashes in concrete, in terms of fresh properties and mechanical properties, at 
equivalent dosage levels. 

Type GE and GS can be effectively used as SCMs to provide sufficient durability in terms of resistance of 
concrete against sulfate attack and chloride ingress. 

Type GE pozzolan is superior in mitigating ASR in concrete containing reactive aggregates, compared to 
Type GS pozzolan. Type GS pozzolan can be used exclusively if no reactive aggregates are present, or 
Type GS in combination with other pozzolans can be used, provided ASR mitigation effectiveness is 
established.  ASTM C1293 method is the appropriate test method to evaluate Type GS pozzolan.

Type GS and Type GE ground-glass pozzolans are effective pozzolans to meet the growing demand 
for SCMs in areas where they are readily available.
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Relevant Standard Specifications for GGPs

ASTM C1866/C1866M - 20 ASTM C1697-21
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Thank you!

prasad@clemson.edu
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