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Abstract: 

 

 

 

 The primary objective of this study is to investigate the practicality, versatility and 

feasibility of utilizing recycled glass as a concrete aggregate in the form of: fine aggregates, 

coarse aggregates and fine glass powders. Much of the glass produced in the United States is 

discarded, stockpiled or land filled. In 2007 about 13.6 million tons of waste glass were 

generated in the United States, and 76 percent of this glass was disposed of in landfills. This 

pattern has influenced environmental organizations to pressure the professional community to 

lower the amount of glass being discarded as well as find use to the non-recycled glass in new 

applications. In relation, the recycling of waste glass as a component in concrete gives waste 

glass a sustainable alternative to land filling and therefore makes it economically viable. A 

variety of public and private research was investigated to understand the limitations of glass 

concrete and its properties. Results found were promising as strength tests showed the glass 

concrete mixtures in question to have moderate to high strengths which shows that a concrete 

derived from recycled glass could be effectively applied to a multitude of services including 

structural applications. 
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Introduction: 

 Glass is a widely used product throughout the world; it is versatile, durable and 

reliable. The uses of glass ranges drastically, it is used by the electronic industry in the 

making of computer and television screens; by the construction industry in the shape of 

windows and mirrors; by the medical industry in the making of medical equipment and 

most importantly by the food and beverage industry to make millions of packaging 

bottles. As a result, industry has made of glass a marketable good, as glass production 

keeps increasing throughout the United States and the world.    

 Glass is an environmentally friendly material, as it can be recycled many times 

and used in many applications. It is not uncommon throughout the world to have glass 

products that are made up of nearly 50% recycled material due to the fact that it is one of 

the few materials that can be recycled many times without altering its chemical properties 

or composition [3]. Glass containers are often reused in bottling and depending on its 

color (green, amber and clear) can also be crushed and reused in the making of new glass 

products.  

The recycling of glass starts by melting a mixture containing materials such as: 

soda ash, silica, calcium carbonate (CaCO3), and recycled glass pieces. This blend is then 

heated to very high temperatures where they melt, followed by a rapid cooling process 

that effectively creates the crystallizations glass it is often associated with. After 

production, the glass is used and often returned to be set into production of new glass. 
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Statement of Problem: 

The problem in glass production comes from the industry’s inability to recycle 

100% of the glass produced; meaning that much of the glass produced in the United 

States is discarded, stockpiled or land filled. In 2007 about 13.6 million tons of waste 

glass were generated in the United States, and 76 percent of this glass was disposed of in 

landfills [1]. This pattern has influenced environmental organizations to pressure the 

community to lower the amount of glass being discarded as well as find use to the non-

recycled glass in new applications.  

 This paper focuses on the practicality, usability, and feasibility of domestic waste 

glass in the production of concrete as an aggregate as well as pozzolanic material. Due to 

its lightweight characteristics, glass has properties that are beneficial in concrete mixing 

like its high mechanical strength, low water absorption and high chemical and frost 

resistance [2]. Also, the recycling of waste glass as a component in concrete gives waste 

glass a sustainable alternative to land filling and therefore makes it economically viable. 

It is believed that concrete composed of glass aggregates will be a practical solution for 

construction in a variety of functions and will have sufficient strength to be applied in 

structural applications. 

 

Research and Findings: 

A multitude of tests have been performed in order to investigate the use of waste 

glass (WG) in concrete as an aggregate. These preliminary tests have shown evidence of 

cracking along the concrete surface after curing which raised questions about the use of 

glass in concrete. As later studied, the cracking shown in early tests was identified as a 
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chemical reaction that takes place between the silica-rich glass and the alkali in the pore 

solution of concrete. This reaction is widely known as an Alkali-silica reaction (ASR). 

 In detail, ASR is mostly caused by the reaction between hydroxyl ions—a 

compound containing an oxygen atom bound covalently with a hydrogen atom—within 

the concrete and the silica that is contained in glass material in the form of chert, 

quartzite or opal [3]. This reaction produces a gel type substance which increases in 

volume as it absorbs water. The expansion creates an addition of pressure within the 

hardened concrete, which if left without reinforcement, results in failure of that particular 

concrete sample.  

 

Figure 1: Detail of the glass aggregate and adjacent cement paste, showing alkali-silica 
gel extruded into cracks within the concrete [A]. 

 
 
 

 Due to the ASR reaction that takes place within concrete, it has been very hard to 

push industry to accommodate the use of recycled glass in their concrete applications. 

Until recently, there was no way to limit the amount of cracking produced by ASR, yet 
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some precautionary methods have been developed in order to lessen the cracking as well 

as provide stability to new concrete mixes that use silica based glasses as aggregates. 

 Pozzolanic materials are often found in concrete mixes as they aid the hardness of 

the concrete once fully hydrated. A pozzolanic material is one that when combined with 

calcium hydroxide, exhibits cementations properties. The incorporation of pozzolanic 

materials such as silica fume, ground blast furnace slag and fly ash have resulted in the 

lowering of cracks resulting from ASR. The reduction of cracking within the new 

specimens being tested have allowed for further investigation on recycling glass as a 

concrete aggregate. 

 Furthermore, recent investigation has shown that finely crushed glass powder 

particles (GLP) also contain pozzolanic characteristics when mixed with Portland cement 

[4]. A pozzolan is a material which, when combined with calcium hydroxide, exhibits 

cementations properties. Studies show that a fine GLP ground to a particle size smaller 

than 75µm, or less than #200 mesh, acts as a pozzolanic material that could help reduce 

the tendency of reactive glass aggregate to partake in ASR by lowering the chemical 

reactivity of glass [5].  

  In terms of versatility, glass could be utilized in the mixing of concrete either as a 

fine aggregate, coarse aggregate and glass powder. Economically however, its utilization  

in the making of fine glass powder is a better solution to the issue of recycling glass 

products. GLP, when used as pozzolanic additive, can be derived from any type of glass 

material. The three applications of waste glass—fine aggregate, coarse aggregate and 

GLP—will be studied at a much deeper level in order to understand the benefits of using 

glass in different applications.  
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 The utilization of glass as coarse and fine aggregates is limited to the size of the 

glass particles in use. In previous studies, there has been consistent proof that correlates 

the amount of glass within concrete to its expansion--due to ASR. Data shows that a 

maximum of 30% of glass aggregate, by volume, is permitted in concrete as to not cause 

deleterious effects without the addition of chemical additives to reduce the reaction [6]. 

The investigations were performed using Portland cements with high alkali content in 

order to induce alkali-silica reactions within the concrete. The study also showed that the 

use of larger pieces of glass as aggregate can also contribute to the amount of ASR 

produced within the specimen; this is expected as larger glass aggregate size attributes to 

a larger surface area of glass in contact with the alkaline cement.  

 

 

Figure 2: Expansion curves of glass in relation to the glass aggregate size in use [B]. 

 

 Research performed at Columbia University, under the supervision of Jin, Meyer 

and Baxter, determining particle size effect on ASR expansion due to glass color showed 

that the most expansive glass was clear glass. The figure below shows the relative 

expansion of 14-day concrete bar expansions plotted for various colors against aggregate 

size.  As seen, the larger particles are the most reactive and in terms of color clear is the 
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most reactive with amber glass and green glass following respectively. Also, as glass size 

becomes smaller, the expansion due to ASR decreases making all three glass colors 

suitable for use in concrete applications. 

  

 

 

Figure 3: Effect of glass content on ASR expansion [C]. 

This is of great environmental importance as any type of waste glass could be 

used as an aggregate in a concrete mix as long as that particular mix follows the guideline 

listed above of a maximum of 30% glass by volume. As a result, this process could be 

implemented in large cities where large amounts of waste glass are present therefore 

reducing the amount of glass that is disposed at landfills. The only requirement to 

implementing this use of glass as an aggregate is to maintain the size of glass particles 

smaller than 4.75 cm in diameter as to ensure that ASR expansion is restricted and 

controlled. In practice, concrete mixed with larger glass particle size must be used in 

applications where cracking is not of structural or aesthetical importance. 

 Further studies performed by Ahmad Shayan and Aimin Xu from ARRB 

Transport Research Ltd. show four different types of concrete mixes using glass as fine 

and coarse aggregate. The mix tested contained a binder of 255 kg/m3 cement, 85 kg/m3 



7 
 

fly ash, 1080 kg/m3 of coarse aggregate and 780 kg/m3 of fine aggregate contents. In 

these studies, the concrete was introduced to additives such as fly ash—to ensure 

strength—as well as superplasticizer—a high range water chemical admixture that can be 

added to concrete mixtures to improve workability. Shayan and Xu’s data shows that 

glass concrete can be safely used for structural, pavement as well as non-structural 

applications. This research further proves the notion that a concrete mixture that uses 

glass as aggregate can be suitable for a variety of construction applications.  

 

 

Table 1: Strength Results of concrete using glass as coarse and fine aggregate [D]. 

 

 As observed from the table above, the only sample that fell within a strength test 

below 30 MPa was the sample which omitted the use of glass as fine aggregate. At 

strength above 30 MPa, a concrete is safely suitable for structural application, and under 

the conditions tested, these samples by Shayan and Xu proved to have passed that test.  

To correlate with the research performed by Shayan and Xu, research performed 

by Topcu and Canbaz within Cement and Concrete Research 34 took advantage of the 

wide availability of recycled green glass—as it is used by the bottling industry—in order 

to test the properties of concrete using glass coarse aggregates, sand and GLP combined. 

The mix in use contained glass with a chemical combination as follows: SiO2 70-75%; 

NaO 12-18%; K2O 0-1%; CaO 5-14%; Al2O3 0.5-2.5%; and MgO 0-4%. The properties 

listed can be used to generalize green glass types as they all fall within the percentage 
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range listed. Concrete was mixed using a water-to-cement ratio of 0.54, 15 cylindrical 

cylinders were set from each of the five mixes created, after placement the concrete 

cylinders were cured in a lime-saturated water solution at 22ºC for a period of 28 days. 

ASR testing was then performed on mortar bars according to ASTM C1260—Standard 

Test Method for Potential Alkali Reactivity of Aggregates—on a daily basis [8]. 

 In its mixing liquid stage, the concrete was subjected to tests such as unit weight, 

slump and air content. The unit weight values ranged from 2321 to 2354 kg/m3 based 

mainly on the fact that glass has a much lower specific gravity than other coarse 

aggregates used in practice. The slump test performed on the liquid concrete showed 

results varying from about 8 to 10 inches, the range of slump is due to the shape and 

geometry of the glass samples which could influence the settlement of the concrete in the 

mix. Finally, the air content in the concrete mix tested ranged from 0.4 to 0.7%. 

 After curing, the concrete samples containing waste glass as aggregate and GLP 

as additive were subjected to strength tests to investigate the limitation of using a mix 

entirely made up of waste glass. The compressive strength results of the concrete 

cylinders showed an average strength of 23.50 MPa mainly a result from the high 

brittleness contained by glass. Also, due to poor geometry the distribution of aggregates 

was not homogeneous making the concrete weak at spots which failed when tested for 

compression [4]. 
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Figure 4: Microscopic texture of cured specimens after flexural strength testing [E]. 

 

 The glass aggregate cured samples were also submitted to flexural strength tests 

that gave an average result of 5.2 MPa. Flexural strength is defined as a material's ability 

to resist deformation and performed by inducing a load perpendicular to the surface of the 

cured concrete sample. The chemical composition of the glass as well as the shape of the 

aggregates in use largely influenced the flexural strength data gathered. Due to the 

quantities of glass that were used, it was inevitable to prevent ASR to take place, as a 

result the gel produced by ASR created small discontinuities within the cured concrete 

thus creating a brittle concrete structure. 

 To finalize the research performed, Topcu and Canbaz formulated a cost analysis 

report to compare the economic cost of utilizing waste glass concrete as compared to 

regular concrete. The results found that the total cost to mix and produce waste glass 

aggregate concrete with GLP additives ranged from 17.6 to 18.1 $/m3. The price per 
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volume given in Topcu and Canbaz’s report is associated fluctuating prices of concrete 

and materials based on the status of the 2002 economy. 

 From the data presented by Shayan and Xu as well as Topcu and Canbaz, it is 

evident that a concrete mix that used waste glass as aggregate could be beneficial to use 

as an environmentally friendly material. Now the use of GLP on its own will be further 

investigated to study the differences between using a purely waste glass concrete mix to 

one that uses GLP as a pozzolanic additive. 

As previously noted, the smaller the glass particle sizes in use, the lower the 

expansion that is observed within concrete. The fact is that as glass becomes GLP the gel 

that is a product of ASR becomes a pozzolanic material, that when in the right 

combinations, can actually give concrete additional strength. Studies performed by Jin, 

Meyer and Baxter published in the April 2000 ACI Materials Journal show the 

relationship that GLP can solely have on the strength of concrete. In this research, finely 

ground glass powder showed to have the appropriate chemical composition as to react 

with the cement; this reaction produces oxides derived from the high SiO2 content of 

glass, widely found in many concrete pozzolans.  

 As with other pozzolanic materials, GLP used to only replace a percentage of the 

fine aggregate within concrete results in a stronger concrete mix. In a 28 day compressive 

strength test of mortar samples using 100% sand as a fine aggregate, the replacement of 

glass power into the mix in place of sand increased the strength of the mortar samples in 

correlation to the amount of GLP in use [4]. Samples containing 0% addition of GLP 

(control group) showed an average strength of 50 MPa, samples containing 20% addition 

of GLP showed an average strength of 56 MPa and samples containing 40% GLP showed 
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an average strength of 60 MPa. Data showed that the replacement of sand with GLP 

within concrete not only increased its strength, but also acting as a pozzolan, increased 

the strength of concrete over time; the mortar sample explained above containing 40% 

GLP increased in strength to an average value of 65 MPa during a period of 270 days. 

These tests show how the use of GLP can positively influence the properties of mixed 

concrete [5].  

 The most interesting factor in relation to GLP is its ability to lessen ASR reactions 

within mixed concrete when glass aggregate is present. Tests have proven that the 

addition of GLP can lower the ASR reactions that take place when glass is in contact with 

the alkaline cement. Much like other pozzolanic materials including fly ash, ground blast 

furnace slag and silica fume, GLP has the properties to restrict chemical imbalance when 

the concrete is being mixed as well as when it cures [9]. The mixing of GLP along with 

glass aggregates can create a concrete mix that is essentially entirely made up of recycled 

aggregate materials.  

 

 

Figure 5: 30% GLP (left and right) showing its dense microstructure and pozzolanic 
characteristics in mortar [E]. 
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  To further analyze the feasibility of GLP when used as a pozzolanic material, 

GLP must be a product that can be derived from recycled waste glass. As noted 

previously, the color of the waste glass in use has no effect on possible ASR reactions 

when the particle in use is extremely small—preferably a powder. This means that GLP 

could be manufactured from literally any type of waste glass discarded. Also, the 

crushing and grinding of glass into a powder uses very low amounts of energy in 

comparison to the other pozzolanic materials in production; making it a very affordable 

material to use as there are vast quantities of waste glass within landfills all over the 

United States and the world.  

The positive economic effects of GLP being used in concrete are of great 

importance. The use of GLP can be marketed directly to the construction of green 

buildings as well as environmentally safe structures; furthermore, private companies, 

public authorities, and state agencies can develop programs and incentives to use the 

glass powder in construction as well as promote a new waste glass recycling industry. 

GLP can be produced and sold as a concrete additive to a global market that is eager to 

erect sustainable structures that lower the human footprint on our planet. All these 

methods can be put in place as a way to lower the amount of waste glass that is currently 

being stored or land filled as well as generates funds that can used to further study the use 

of waste glass in other applications such as pavements [9]. 

GLP production also has great structural benefits to complement its profitability.  

The addition of GLP greatly increases the strength of a concrete thus making it suitable 

for various indoor and outdoor structural applications. To further the idea, there are 

indications that GLP reduces the chloride ion penetrability of the concrete, thereby 
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reducing the risk of chloride induced corrosion of the steel reinforcement in concrete [4]. 

This property makes the GLP influenced concrete mix suitable for applications where 

water is present as well, these could range from maritime construction to sewer systems, 

or any application that requires the use of a concrete with high strength and low 

permeability. 

 

Conclusions: 

 Overall, there are many practical applications of glass within concrete. Three 

research projects were studied to investigate the characteristics, applications, and 

economic feasibility of the different uses of glass as aggregate. The first study—by Jin, 

Meyer and Baxter—investigated the usability of glass and the expansion that is a result of 

the alkali-silica chemical reactions that occur within concrete. The study found that 

expansion on 14-day concrete mortar bars decreased drastically as the size of the glass 

particles in use decreased; also, the research showed that clear glass has a faster ASR 

reaction rate than other colored glasses.  

 Next, the studies by Shayan and Xu from APRB Transport Research were 

investigated as they show the physical properties of concrete using glass as both fine and 

coarse aggregate. Results were promising, strength tests showed the concrete mixtures in 

question to have a strength that ranged from 28 to 39 MPa, a property which shows that a 

concrete derived from recycled glass could be effectively applied to a multitude of 

services including structural applications. 

Last, the properties of glass powder were investigated when mixed with concrete 

that is entirely made up of glass coarse aggregates and additives. Topcu and Canbaz from 
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Cement and Concrete Research took advantage of the wide availability of recycled green 

glass to incorporate it as a coarse aggregate into a concrete mix using GLP as a 

pozzolanic additive.  The mix was subjected to a number of concrete tests to realize the 

different properties of this type of mix giving positive results. Tests showed that the 

addition of GLP into a concrete mix yielded specimens able to withstand compression 

forces of 50 MPa—a property which shows glass aggregate concrete can be utilized for 

high strength applications. 

Due to the expansive tendencies of concrete when glass is solely used as coarse 

aggregate, I recommend that this particular method—involving glass as coarse aggregate 

within concrete—be used limitedly. More investigation needs to be performed as to 

surely find the expansive response of different cements to different types of glass. Glass 

concrete containing glass as coarse aggregate should be placed in applications where 

cracking and high strength are not of importance. For other types of construction, 

especially structural ones,  it is highly recommended to use a concrete mix combining 

glass as fine aggregates as well as glass power (GLP) as an additive. The addition of GLP 

into a concrete reduces ASR expansion and thus cracking [9]. 

In conclusion, glass is a reliable material that could be implemented throughout 

the United States in order to lower the amount of glass being land filled.  The recycling of 

glass into aggregate applications and additives is economically feasible and an 

environmentally viable solution to waste glass. Also, as presented, the value of concrete 

using waste glass can be lower than that of regular concrete creating the possibility of a 

lucrative market focusing on the production of environmentally sound materials. 
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THE PRACTICALITY, 

VERSATILITY AND FEASIBILITY

OF UTILIZING RECYCLED GLASS
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GLASS AND ITS APPLICATIONS

• Glass is a widely used 

product throughout the 

world as it is:

•Durable

•Reliable

• Glass a marketable 

good.

• Production keeps 

increasing

 

CURRENT ENVIRONMENTAL CONDITIONS

• In 2007 about 

13.6 million tons of 

waste glass were 

generated in the 

United States.

• 75% of the glass 

that was disposed 

went to a landfill.

 

GLASS IN CONCRETE

• Due to its lightweight 

characteristics, glass has 

properties that are beneficial 

in concrete mixing.

• High mechanical 

strength

• Low water absorption

• Frost resistance

• High chemical 

resistance

 

STATEMENT OF PROBLEM

It is believed that concrete composed of glass

aggregates will be a practical solution for

construction in a variety of functions and will

have sufficient strength to be applied in

structural applications.

 

RESEARCH

• Three research projects were 

studied:

• Jin, Meyer and Baxter: 

Usability of glass and 

concrete expansion .

• Shayan and Xu: Physical 

properties of concrete 

using glass as both fine 

and coarse aggregate.

• Topcu and Canbaz: 

concrete mix using Glass 

Powder and fine aggregate.

 



ASR: ALKALI-SILICA REACTION

• The reaction 

between hydroxyl ions 

(Portland Cement) 

and silica (glass).

• Produces a gel 

substance that 

absorbs water.

• Creates expansion 

and can lead to 

ultimate failure 

Jin, Meyer and Baxter

 

ASR: ALKALI-SILICA REACTION

Jin, Meyer and Baxter

 

PHYSICAL PROPERTIES OF CONCRETE

10.37%
3.92%

49.77%

35.94%

Binder Mix used:

cement

fly ash

glass coarse 

aggregate

glass fine aggregate

• Find a suitable mix for 

regular applications.

• Concrete was introduced to 

additives such as fly ash to 

assure strength.

• Superplasticizer was used 

to improve workability.

Shayan and Xu

 

PHYSICAL PROPERTIES OF CONCRETE

Shayan and Xu

•Weakest sample omitted the use of glass as fine aggregate.

•Falls in the range for normal compressive strength at 28 days 

cure (f'c) 15-40 MPa

ASTM C39 (Compressive Strength of 

Cylindrical Concrete Specimens)

 

GLASS: POWDER AND FINE AGGREGATE

• Aggregates: wide 

availability of recycled 

green glass.

• Compressive strength: 

average of 23.50 Mpa 

(normal range)

• Due to brittleness and 

heterogeneous aggregate 

samples.

Topcu and Canbaz

 

GLP AS A CONCRETE ADDITIVE

Topcu and Canbaz

• GLP produces oxides 

(high SiO2 content of glass) 

that are widely found in 

concrete pozzolans. 

• GLP was used to partially 

replace a fine aggregate.

• GLP also lessens ASR 

expansion in concrete.

• Derived from any recycled 

waste glass

 



GLP AS A CONCRETE ADDITIVE

• Samples containing 

40% GLP tests for up to 

65 Mpa. (High 

Strength)

• GLP greatly increases 

the strength :

• Ideal for 

pavements

• Structural 

applications

•Maritime 

construction 

Topcu and Canbaz

 

CONCLUSION

• Glass is a reliable 

material that could be 

implemented in a 

variety of applications.

• Such recycling is 

economically feasible.

• Strength tests show 

that a normal to high 

strength concrete is 

expected.

 

RECOMMENDATIONS

• Applications involving only glass coarse aggregates 

within concrete should be used limitedly to avoid 

cracking.

• Further investigation needs to be performed as to find 

the exact expansive responses of different cements to 

different types of glass.

• For high strength applications it is highly 

recommended to use a concrete mix combining glass as 

fine aggregates as well as glass power (GLP) as an 

additive. The addition of GLP into a concrete reduces 

ASR expansion and thus cracking.
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