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ABSTRACT 
This review summarizes the availability and processing of glass waste and highlights its impact on the 
fresh and hardened properties of concrete. Concrete industry is increasingly seeking sustainable 
supplementary cementitious materials (SCMs) to partially replace Portland cement, as traditional 
SCMs like fly ash and slag face declining availability. SCMs enhance concrete’s mechanical and 
durability properties while reducing its carbon footprint. Processed glass waste has emerged as a 
promising alternative pozzolan, supported by extensive research and field applications. In response, 
ASTM developed C1866/C1866M-20, a standard specification for ground glass pozzolan in concrete. 
The potential of ground-glass pozzolans as viable supplementary cementitious materials (SCMs) for 
producing low-carbon concrete is also discussed. 
Keywords: ground glass pozzolans, supplementary cementitious materials, low-carbon materials. 

_______________________________________________________________ 
1 Professor and Director of SMaRT Lab Glenn Department of Civil Engineering School of Civil Engineering and 
Environmental Engineering and Earth Sciences Clemson University Clemson, South Carolina, USA. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Contribution of each author 
In this work, author Prasad Rangaraju contributed with all activities. 
 
Creative Commons License 
Copyright 2025 by the authors. This work is an Open-Access article published under the terms and conditions of an International Creative 
Commons Attribution 4.0 International License (CC BY 4.0). 
 
Discussions and subsequent corrections to the publication 
Any dispute, including the replies of the authors, will be published in the first issue of 2026 provided that the information is received 
before the closing of the third issue of 2025. 

Cite as: Rangaraju, P. (2025), “Enhancing concrete sustainability: use of ground glass pozzolans 
as a supplementary cementitious material in low carbon concrete”, Revista ALCONPAT, 15 (2), 
pp. 92 – 107, DOI: https://doi.org/10.21041/ra.v15i2.813.  
 

mailto:prangar@clemson.edu
https://doi.org/10.21041/ra.v15i2.813
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.es
https://orcid.org/0000-0003-4285-1252
https://doi.org/10.21041/ra.v15i2.813


 
    Revista ALCONPAT, 15 (2), 2025: 92 – 107 
 

Enhancing concrete sustainability: use of ground glass pozzolans 
as a supplementary cementitious material in low carbon concrete       

                                                                                                                                                      Rangaraju, P.  
93 

Mejorando la sostenibilidad del concreto: uso de puzolanas de vidrio molido 
como material cementante suplementario en concreto de bajo carbono. 

 
RESUMEN 

Esta revisión resume la disponibilidad y el procesamiento de residuos de vidrio y destaca su 
impacto en las propiedades del concreto en estado fresco y endurecido. La industria del concreto 
busca cada vez más materiales cementantes suplementarios (SCMs) sostenibles para reemplazar 
parcialmente el cemento Portland, ya que los SCMs tradicionales como la ceniza volante y la 
escoria presentan una disponibilidad decreciente. Los SCMs mejoran las propiedades mecánicas 
y de durabilidad del concreto, al tiempo que reducen su huella de carbono. Los residuos de vidrio 
procesado han surgido como una puzolana alternativa prometedora, respaldada por investigaciones 
extensas y aplicaciones en campo. En respuesta, ASTM desarrolló la norma C1866/C1866M-20, 
una especificación estándar para el uso de puzolana de vidrio molido en concreto. También se 
discute el potencial de las puzolanas de vidrio molido como SCMs viables para la producción de 
concreto de bajo carbono. 
Palabras clave: puzolanas de vidrio molido, materiales cementantes suplementarios, materiales 
de bajo carbono. 
 
Aumentando a sustentabilidade do concreto: uso de pozolanas de vidro moído 

como material cimentício suplementar em concretos de baixo carbono. 
 

RESUMO 
Esta revisão resume a disponibilidade e o processamento de resíduos de vidro e destaca seu 
impacto nas propriedades do concreto no estado fresco e endurecido. A indústria do concreto está 
buscando cada vez mais materiais cimentícios suplementares (SCMs) sustentáveis para substituir 
parcialmente o cimento Portland, já que SCMs tradicionais como cinza volante e escória 
apresentam disponibilidade decrescente. Os SCMs melhoram as propriedades mecânicas e de 
durabilidade do concreto, ao mesmo tempo que reduzem sua pegada de carbono. Resíduos de vidro 
processado surgiram como uma pozolana alternativa promissora, apoiada por extensas pesquisas 
e aplicações em campo. Em resposta, a ASTM desenvolveu a norma C1866/C1866M-20, uma 
especificação padrão para o uso de pozolana de vidro moído em concreto. Também é discutido o 
potencial das pozolanas de vidro moído como SCMs viáveis para a produção de concreto de baixo 
carbono. 
Palavras-chave: pozolanas de vidro moído, materiais cimentícios suplementares, materiais de 
baixo carbono. 
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1. INTRODUCTION 
 
The ubiquitous availability of Portland cement concrete, along with its tunable mechanical and 
durability properties to meet a range of physical and environmental loading requirements and its 
versatility in application, makes it the premier choice of materials for construction of infrastructure 
in modern civilization. However, Portland cement, the principal binding agent in concrete, is also 
known to be responsible for contributing approximately 8% of the global emissions at 2.8 G Tons/y 
(Ellis et al., 2019). 
Among the strategies that have been explored to reduce the environmental impact of concrete 
construction are the development of alternative low-carbon binders to completely replace Portland 
cement and the use of supplementary cementitious materials (SCMs) for partial replacement of 
Portland cement. These strategies have been extensively studied and widely experimented in the 
industry. Although low-carbon binders such as alkali-activated binders have been developed, their 
use in the construction industry is limited to niche projects due to limitations imposed by their 
inherent characteristics such as need for aggressive alkaline activators, need for additional 
processing steps needed beyond the bounds of the conventional construction operations and lack 
of adequate specifications at the present time, among others. 
Partial replacement of Portland cement with SCMs to reduce the environmental impact is a more 
widely practiced and successful strategy. The effectiveness of this approach also stems from the 
fact that most SCMs, such as fly ash and slag are industrial by-products that have little use for other 
purposes, and if not used as SCMs in concrete, need expensive disposal strategies. Furthermore, 
concretes containing SCMs are often found to be superior in their mechanical and durability 
properties compared to concrete mixture without SCMs. Considering that most SCMs are industrial 
by-products, their use in concrete inherently reduces the carbon footprint of concrete and provides 
a pathway for their upscaling them rather than disposing them in landfills or ponds. 
In recent years, the availability of traditional SCMs such as fly ash and slag has increasingly 
become limited in the United States as the industries that produce these materials are undergoing 
significant process changes. The production of fly ash from coal-burning power plants is decreasing 
as renewable energy sources and natural gas-powered plants are replacing the traditional coal-based 
power plants. Similarly, iron and steel production is increasingly dominated by recycling efforts 
and as a result the blast furnace slag production is significantly reduced. Consequently, there is an 
emerging need to find suitable alternatives to traditional SCMs for use in the concrete industry.   
Therefore, the objective of this short review is to evaluate the viability of ground glass pozzolans 
(GGPs) as sustainable supplementary cementitious materials in concrete. The paper provides a 
comprehensive overview of the processing, classification, and performance of GGPs including 
their mechanical properties, durability characteristics, and environmental benefits with the aim of 
promoting their broader adoption in the development of low-carbon concrete. 
 
2. GROUND GLASS AS SUPPLEMENTARY CEMENTITIOUS MATERIAL 
 
Glass is a widely produced material for application in a range of industries. The most common type 
of glass is the soda-lime glass, which is typically used in the production of containers and flat glass. 
The manufacturing of soda-lime glass consists of combining commonly available raw materials – 
silica sand (SiO2), soda ash (Na2CO3) and limestone (CaCO3) into an intimate mixture followed by 
heating the mixture to about 1500℃ to melt the raw materials and produce glass. The molten glass 
is then transformed typically into either container glass or flat glass. Of slightly different chemical 
composition (much lower alkali content and higher lime and alumina content) is E-glass. E-glass 
is typically drawn into thin filaments and woven into fiber strands for use in manufacturing glass-
resin based composites. The industry estimate of Global Warming Potential (GWP) of glass is 
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reported at 0.66 tons of CO2e per ton of glass produced (CarbonCloud, 2024). 
Vast majority of waste glass that is produced in the United States is soda-lime glass. Of the 12.25 
million tons of glass manufactured in the United States in 2018, only 3.06 million tons of glass was 
recycled, and 7.55 million tons of container glass was directly landfilled with the remainder of 1.64 
million tons landfilled after combustion with energy recovery (United States Environmental 
Protection Agency, 2024). Figure 1 shows historical trend in the production and disposal of glass 
in the United States from 1960 through 2018 (United States Environmental Protection Agency, 
2024). 
 

 
Figure 1. Historical Trend in Glass Waste Management: 1960 – 2018. 

(United States Environmental Protection Agency, 2024) 
 
Recycling glass can conserve a large quantity of the raw materials needed for production of new 
glass; for every ton of glass recycled, 590 kilograms of sand (SiO2), 186 kilograms of soda ash 
(Na2CO3), 172 kilograms of limestone (CaCO3) and 72 kilograms of feldspar (NaAlSi3O8) are 
conserved (Glass Recycling, 2024). Though the amount of glass waste recycled yearly has steadily 
increased from 750 thousand tons in 1980 to more than 3 million tons in 2018, the rate of glass 
recycling remains far below the rate of glass production (United States Environmental Protection 
Agency, 2024), largely due to obstacles encountered in the collection streams such as co-mingled 
glass of different colors and presence of contaminants such as metal, soil, paper, organics and other 
chemical contaminants. Many recycling companies attempt to remedy these issues by sorting waste 
glass bottles into specific colors or accepting only uncontaminated glass. Figure 2 shows a glass 
recycling facility where the color sorted glass cullet is stored at the job site in large piles. Due to 
sizable obstacles to the glass collection and recycling processes, the rate of waste glass recycling 
has been unacceptably low thus far in the US (31%), although the recycling in other countries, 
particularly in Europe is higher, 52% currently, and projected to reach 90% by 2030 (Nature 
Editorial, 2021). Alternative methods must be considered for reducing the high volume of waste 
glass disposed of in landfills. 
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Figure 2. Waste glass collection facility and cullet management at a glass recycling facility (Glass 

Recycling, 2024; Nassar and Soroushian, 2011) 
 
Using waste glass as an SCM in concrete not only avoids disposing of it in landfills but also reduces 
the clinker content of concrete and hence improves the sustainability of concrete. Also, glass-based 
SCMs have the potential to improve not only the mechanical and durability of concrete, but also 
its sustainability. Based on a preliminary estimate of global warming potential (GWP) of ground 
glass pozzolan (GGP), one ton of processed ground glass pozzolan (GGP) was found to have a 
GWP of 56 kg CO2e as compared to a 922kg CO2e of Portland cement (Kaminsky et al., 2020). 
Consequently, significant reduction in GWP of concrete mixtures can be realized in concrete 
mixtures where Portland cement is partially replaced with GGP. 
 
3. CHEMISTRY AND PROCESSING OF GROUND GLASS POZZOLANS 
 
Considering that waste glass is a widely available resource that is amorphous in nature with 
consistent chemical composition, this material can serve as valuable SCM for use in concrete. 
Container and flat glass, typically derived from soda-lime glass, contain SiO2 and CaO contents of 
approximately 70% and 10%, respectively, while Al2O3 content is relatively negligible. However, 
the alkali level (Na2O and K2O) of these glasses range between 13% to 14% Na2Oeq (United States 
Environmental Protection Agency, 2024; Glass Recycling, 2024; Kaminsky et al., 2020). In 
comparison, fiber glass, which is typically made from E-glass, contains SiO2 and CaO contents of 
60% and 21%, respectively, while the Al2O3 content is typically about 12.5% and the alkali content 
of E glass is typically less than 1% Na2Oeq (Kaminsky et al., 2020). The amorphous nature of soda-
lime glass and E-glass is evident from the XRD analysis results shown in Figure 3(a) and 3(b), 
respectively. Clearly, the composition of glasses is very much in alignment with what would be 
considered as a pozzolanic material, although in case of soda-lime glass, the alkali level of glass 
may need to be carefully considered, where precautions against alkali-aggregate reactions are 
necessary. 
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(a) XRD Pattern of Ground Soda Lime Glass (Type GS) [7]. 

 

 
(b) XRD Pattern of Ground E-Glass Powder (Type GE) [8] 

Figure 2. X-Ray Diffraction Patterns of (a) Type GS, and (b) Type GE Ground Glass Pozzolans. 
 
Typically, majority of waste glass is collected through municipal collection systems and processed 
through Material Recovery Facilities (MRF) in the United States. The processing of waste glass 
consists of cleaning the waste glass to remove organics, paper and metal from glass, followed by 
grinding it to obtain a fine glass powder. The glass cleaning process may consist of one or more 
methods, which typically include wet washing to remove organics from the glass; mechanical 
abrasion, attrition, as well as thermal incineration to remove paper and other hard-to-remove 
organics from the glass surface. In addition, non-glass components such as ferrous metals in the 
waste stream may be removed through magnetic and eddy current separation technologies (Smith 
et al., 2019). The principal objective of cleaning glass waste is to reduce the loss-on-ignition (LOI) 
value to a level that will not have deleterious impact on concrete performance. 
   The cleaning operation is followed by grinding the glass waste in a close-looped system with air- 
classification method to reduce the size to a fine particulate system to improve its reactivity as a 
pozzolan as well as achieve a particle size distribution that is compatible with Portland cement for 
effective packing in concrete. 
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4. ASTM C1866: STANDARD SPECIFICATION FOR GGP FOR USE IN 
CONCRETE 

 
Research findings from lab studies (Dezfouli, 2017; Smith et al., 2019; Tagnit-Hamou and 
Bengougam, 2012; Nassar and Soroushian, 2012; Shayan and Xu, 2006; Soliman, et al. 2016; 
Schwarz et al., 2008; Afshinnia and Rangaraju, 2015; Afshinnia and Rangaraju, 2016; Afshinnia 
and Rangaraju, 2015; Amer et al., 2022; Torres-Carrasco et al., 2015; Cyr et al., 2012; Krstic and 
Davalis, 2018) and field studies (Nassar and Soroushian, 2011; Shayan and Xu, 2006; Krstic and 
Davalos, 2019) of using ground glass as a SCM in concrete, were used as a basis by ASTM 
subcommittee C 09.24 on Supplementary Cementitious Materials to develop an industry standard 
ASTM C1866 for use of ground glass pozzolans in concrete (ASTM C1866/C1866M-20, 2020). 
This standard recognizes two types of ground glass pozzolans – Type GS (soda-lime glass) and 
Type GE (E-glass), with specific threshold limits for chemical requirements, amorphous content 
of the glass, as well as physical requirements for its use as supplementary cementitious materials 
in concrete (ASTM C1866/C1866M-20, 2020). Table 1 shows the typical chemical and physical 
requirements of ground glass pozzolans per ASTM C1866. 
The establishment of ASTM C1866 marks a significant milestone in recognizing ground glass 
pozzolans as viable SCMs. The clear classification between Type GS and Type GE enhances quality 
control and encourages industrial use. However, the standard still lacks detailed guidance on 
mitigating alkali-silica reaction for high-alkali GGPs (especially Type GS), which remains a concern 
in reactive aggregate systems. Future revisions should aim to incorporate performance-based ASR 
mitigation thresholds or recommend ternary blend guidelines. As industry adoption grows, the focus 
is expected to shift toward performance-based standards and lifecycle carbon metrics. 
 

Table 1. Chemical and Physical Requirements of Ground Glass Pozzolans (ASTM 
C1866/C1866M-20, 2020). 

Chemical 
Properties 

Chemical 
Requirements Physical 

Properties 

Physical 
Requirements 

Type 
GS 

Type 
GE Type GS and GE 

SiO2, min % 60.0 55.0 Fineness (Amount 
retained when wet 
sieved on No. 325 

sieve (45 
microns), max % 

 
5 Al2O3, max % 5.0 15.0 

CaO, max % 15.0 25.0 Strength Activity 
Index with Portland 

Cement, 
7 Days, min % of 

control 

 
75 

Fe2O3, max % 1.0 1.0 
SO3, max % 1.0 1.0 

Na2Oeq, max % 15.0 4.0 
LOI, max % 0.50 0.50 Strength Activity 

Index with Portland 
Cement, 

28 Days, min % of 
control 

85 Moisture 
Content, % 0.50 0.50 

Amorphous 
Glass Content, 

min % 
95 95 - - 
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5. PERFORMANCE OF MORTAR AND CONCRETE MIXTURES WITH 

GROUND GLASS POZZOLANS 
 
Numerous lab and field studies have been conducted to study the impact of using Type GS and 
Type GE ground-glass pozzolans as SCMs in mortars and concrete (Nassar and Soroushian, 2011; 
Dezfouli, 2017; Smith et al., 2019; Tagnit-Hamou and Bengougam, 2012; Nassar and Soroushian, 
2012; Shayan and Xu, 2006; Soliman et al., 2016; Schwarz et al., 2008; Afshinnia and Rangaraju, 
2015; Afshinnia and Rangaraju, 2016; Krstic and Davalos, 2019; Afshinnia and Rangaraju, 2015; 
Amer et al., 2022; Torres-Carrasco et al., 2015, Cyr et al., 2012; Krstic and Davalis, 2018). 
Typically, the dosage level of GGPs used in these studies ranged between 10% to 40% by mass 
replacement of Portland cement. The use of GGPs in ternary blends with either fly ash or slag has 
also been reported (Kaminsky et al., 2020; ASTM C1866/C1866M-20, 2020; Afshinnia and 
Rangaraju, 2015). The following general observations highlight the impact of GGPs on the fresh 
and hardened properties of mortar and concrete mixtures. 
 
5.1 Flow 
In terms of fresh properties, mixtures containing Type GE and Type GS GGPs showed improved 
flow behavior compared to control mixture across a range of cement replacement levels (Dezfouli, 
2017). Also, GGPs performed better than metakaolin (MK) at comparable cement replacement 
levels. Figure 3 shows the flow behavior of mixtures containing Type GE, Type GS ground glass 
pozzolans and MK at 20% cement replacement level at a constant water-binder ratio representing 
the normal consistency for control mixture. In these mixtures, water-reducing admixture was not 
employed. The performance of both GGPs is significantly better than that of mixture with MK and 
even that of control mixtures. The primary reason for this behavior is that GGPs are non-porous 
materials with little moisture absorption. Further, the conchoidal fracture surfaces of glass particles 
serve as slip planes and allow for easier movement of particles when the mixture is subjected to a 
shear stress. Figure 4 shows the typical morphology of ground glass particles (Cyr et al., 2012). In 
comparison, SCMs such as MK show significantly lower flow due to moisture absorption. The 
benefit of using GGPs in improving flow is evident even compared to control mixtures. 
 

 
Figure 3. Flow behavior of Mortars with 20% Dosage of Ground Glass Pozzolans (Type GE and 

Type GS) and Meta-Kaolin (Dezfouli, 2017). 
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Figure 4. Morphology of ground Type GS glass pozzolan (Cyr et al., 2012). 

 
5.2 Strength Activity Index 
Dezfouli (2017) and Afshinnia (2015, 2016) investigated the strength activity index of Type GS 
and Type GE GGPs and compared it to metakaolin as a reference. In these studies, cement 
replacement dosage levels of 10%, 20% and 30% by mass were evaluated (Dezfouli, 2017; 
Afshinnia and Rangaraju, 2015; Afshinnia and Rangaraju, 2016). From the data shown in Figure 
5, it is evident that Type GE and Type GS GGPs meet the minimum strength activity index of 85% 
at 28 days per ASTM C1866 at 10% and 20% replacement levels. However, Type GE GGP met 
the requirement even up to 30% replacement level. Also, Type GE GGP showed better performance 
compared to Type GS GGP at equivalent dosage levels, the principal reason for which is due to the 
difference in the fineness of the two pozzolans. In these studies, it was observed that MK and Type 
GE pozzolan were finer materials with a d50 of 1.5 and 7 microns, respectively while Type GS 
pozzolan had a d50 of 17 microns. Mixtures with MK outperformed both Type GS and Type GE 
GGPs at 10% and 20% cement replacement level. 
The lack of adequate workability in mixtures with 30% MK prevented it from being considered in 
the strength activity index tests. 
 

 
Figure 5. Strength Activity Index of Mortar Mixtures Containing Type GE, GS and MK 

pozzolans at 28 days (Dezfouli, 2017). 
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5.3 Pozzolanic Reactivity 
Pozzolanic reactivity of GGPs and metakaolin (MK) at 20% dosage level using thermogravimetric 
analysis were studied by Dezfouli (2017). The results from this study are shown in Figure 6. The 
CH content of all the mixtures were normalized with respect to the cement content in the mixtures, 
so that the dilution effect of replacing Portland cement is accounted for. From these results it is 
evident that MK is far more effective in its pozzolanic reaction compared to both GGPs at 20% 
replacement level at both 28 and 56 days. However, GGPs do show slightly improved pozzolanic 
behavior at 56 days compared to 28 days. It should be noted that while the CH content of mixtures 
with pozzolans is predictably lower than control mixture, i.e., due to a combination of dilution and 
pozzolanic effects, the likelihood of nucleation effect of fine pozzolans on accelerated hydration 
of Portland cement is inherently embedded in these experiments, although not quantified. 
Therefore, the CH reduction at any age is a net effect of the difference between higher CH content 
due to the nucleation effect in presence of finer pozzolans and the reduction in CH content caused 
by a combination of the dilution and pozzolanic effects of pozzolans. Furthermore, the pozzolanic 
reactivity is a function of the fineness of the pozzolans. In this study the average particle size (d50) 
of Type GS pozzolan was reported as 17 microns, while Type GE pozzolan and MK were reported 
as 7 and 2 microns, respectively, which also explains the relative differences across the results from 
the three pozzolans (Dezfouli, 2017). The results from the strength activity index tests shown in 
Figure 5 corroborate the findings from results shown in Figure 6. 
 

 
Figure 6. Normalized Calcium Hydroxide Content of Paste Samples Containing 20% Cement 

Replacement Level of Type GS, Type GE and MK Pozzolans (Chakraborty et al., 2010). 
 
5.4 Effectiveness of GGPs in Mitigating Alkali-Silica Reaction 
The potential for alkali-silica reaction in concrete is often mitigated by using pozzolans in sufficient 
dosage level, depending on the degree of reactivity of the aggregate. In this regard, the effectiveness 
of pozzolans is not only based on their ability to react with calcium hydroxide through pozzolanic 
reaction to produce C-S-H or C-A-S-H gel and tie up the alkalis present in the pore solution, but 
also is dependent on the ability of pozzolans to refine the pore structure in concrete to minimize 
moisture migration into concrete. These mechanisms that help suppress alkali-silica reaction are 
therefore a function of both the chemical composition of the pozzolans and the physical properties 
such as its fineness. Furthermore, the ASR mitigation effectiveness of certain alkali-bearing 
pozzolans will also depend on whether the alkalis from the pozzolan become available in the pore 
solution and augment the alkali- loading within the concrete. With regards to GGPs, the presence 
of alkalis in Type GS should not be of concern when there are no reactive aggregates present in the 



 
                                                                              Revista ALCONPAT, 15 (2), 2025: 92 – 107 

                                                 Enhancing concrete sustainability: use of ground glass pozzolans 
as a supplementary cementitious material in low carbon concrete  

Rangaraju, P.  
102 

concrete. However, the use of Type GS GGP could be of concern when a reactive aggregate is 
present in the concrete matrix. Figure 7 shows the length-change results from miniature concrete 
prism test (MCPT) based on AASHTO T380 (Dezfouli, 2017). In these tests, a highly reactive 
siliceous argillite aggregate was used in concrete mixtures with binder consisting of binary blends 
of Portland cement with Type GS, Type GE and metakaolin (MK). In these tests, Type GS and 
Type GE pozzolans were used at 10%, 20% and 30% mass replacement levels of Portland cement, 
while MK was used only at 10% replacement level. Mixtures with higher replacement levels of 
MK were not acceptable regarding workability and therefore were not used. In this test, the 
aggregate was considered reactive if the expansion level exceeded 0.04% at 56 days, and the 
pozzolan was considered effective in mitigation ASR if the expansion level was maintained below 
0.02% at 56 days. These two threshold levels are indicated by dashed lines identified by *, and ** 
in the legend of Figure 7. 
 

 
Figure 7. Expansion behavior of concrete prisms in AASHTO T380 test (Dezfouli, 2017). 

*Expansion Limit (0.04%) for CTRL at 56 Days, 
**Expansion Limit (0.02%) for SCM Containing Samples on 56 Days. 

 
Results from these studies showed that the CTRL specimen exhibited very high level of expansion 
even before 56 days and was clearly indicative of the presence of a highly reactive aggregate. 
However, when Type GS pozzolan was used at 20% and 30% cement replacement level, it was 
found to be ineffective in mitigating expansion at both dosage levels. However, when Type GE 
pozzolan was used, the expansion behavior of concrete was substantially lowered at all dosage 
levels, although the 10% dosage level was found to be insufficient to mitigate the expansion below 
the threshold limit of 0.02% at 56 days. Type GE pozzolan at 20% and 30% dosage level was found 
to be effective in mitigating expansion below the threshold limit at 56 days. While MK was able to 
substantially lower the expansion in concrete prisms at 10% dosage level, this dosage level was 
inadequate for mitigating the ASR expansion below the threshold limit of 0.02% at 56 days. 
Clearly, from this study, it is apparent that Type GS pozzolan was unable to mitigate ASR 
expansion even at 30% dosage level, and the alkali content within the glass is likely contributing 
to the alkali-loading in concrete. Tagnit-Hamou reported that ASR mitigation performance of Type 
GS pozzolan can be significantly improved in ternary blends with silica fume, metakaolin and slag 
as observed in Figure 8 (Kaminsky et al., 2020). In a different study by Amer et al., it is shown that 
the use of Type GE pozzolan in moderate amounts can significantly improve the performance of 
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Class C fly ash (CFA) in mitigating ASR as seen in Figure 9 (Amer et al., 2022). 
 

 
Figure 8. Length change behavior of concrete prisms containing Spratt limestone aggregate in 

binary and ternary blends of Type GS pozzolan with slag, silica fume and metakaolin (Courtesy 
of Arezki Tagnit-Hamou, University of Sherbrooke) (Kaminsky et al., 2020). 

 

 
Figure 9. Length change behavior of concrete prisms in AASHTO T380 test, containing binary 
blends of Type GE pozzolan and Class C fly ash (CFA) with a highly reactive siliceous argillite 

aggregate (Amer et al., 2022). 
 
5.5 Effectiveness of GGPs in Minimizing Chloride Permeability 
Minimizing chloride permeability of concrete is essential in improving durability of reinforced 
concrete against reinforcement corrosion. In this regard, the effectiveness of GGPs in reducing 
chloride permeability was investigated in several studies (Dezfouli, 2017; Amer et al., 2022; Krstic 
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and Davalis, 2018). Figures 10 and 11 show the results from Rapid Chloride Ion Permeability tests 
per ASTM C1202 across three mixtures containing 20% pozzolan dosage level. The performance 
of Type GS pozzolan is comparable to that of Class F fly ash at later ages (28 days and 56 days), 
while the performance of Type GE is superior to other pozzolans evaluated in this study 
[Rashidian]. In another study, the influence of different dosage levels of Type GE pozzolan was 
evaluated and compared to a Control mixture and another mixture with 20% Class F fly ash as 
shown in Figure 11. These results clearly indicate the superior performance of GGPs in controlling 
chloride permeability in concrete. 
 

 
Figure 10. Influence of Pozzolan Type on RCPT Results. Coulomb values less than 1000 are 

considered to be very low permeability (Dezfouli, 2017; Amer et al., 2022). 
 

 
Figure 11. Influence of Type GE pozzolan on RCPT Results. Coulomb values less than 1000 are 

considered to be of very low permeability (Dezfouli, 2017). 
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6. CONCLUSIONS 
 
Silica-based glass is a universally produced material with a wide-variety of applications in modern 
civilization. While millions of tons of this material are produced and a fraction of it recycled each 
year, a vast majority of glass is collected as waste and disposed in landfills in the United States. 
Given that glass is a material of consistent chemical composition with almost entirely made of 
amorphous silica structure, it is extremely suitable as a supplementary cementitious material for 
use as a supplementary cementitious material in Portland cement concrete. Furthermore, one can 
consider glass as a lower- carbon material in every sense compared to Portland cement. In its initial 
production state, i.e. virgin state, while 0.66 tons of CO2 are produced for every one ton of glass 
manufactured, to produce a finely ground Type GS or Type GE pozzolan, it only takes 0.056 tons 
of CO2e per one ton of ground glass pozzolan (Nassar and Soroushian, 2011). This is significantly 
less than the carbon footprint of cement at 0.922 tons of CO2 per ton of Portland cement produced. 
Both Type GS and Type GE ground glass pozzolans have been shown to be effective pozzolans 
that not only improve mechanical properties, but also durability issues in concrete. Of course, 
where potential for alkali-silica reaction exists, the use of Type GS ground glass pozzolan should 
be considered in ternary blends with other pozzolans such as slag, silica fume, Class F fly ash or 
metakaolin. Furthermore, the use of glass pozzolans helps improve the workability of concrete 
mixture in the fresh state and can reduce the need for water-reducers for improving workability. 
Given all these positive attributes of ground glass pozzolans, the use of Type GS and GE GGPs 
can serve as one of the many strategies needed to reduce the carbon footprint in modern concrete 
formulations. Furthermore, using waste glass as a pozzolan in concrete greatly minimizes the need 
to landfill the waste glass, thus proving to be also environmentally beneficial solution. With the 
advent of ASTM C1866 standard for ground glass pozzolans, the future for the use of ground glass 
pozzolans in concrete is bright and is rationalized by strong specification that ensures superior 
performance of concrete while achieving this through a low-carbon and environmentally 
sustainable approach. 
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