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The escalating demand for construction materials and the concurrent increase in glass 

waste pose significant environmental challenges globally. This review synthesizes 

existing literature on the utilization of glass powder (GP) as a partial substitute for cement 

or sand in concrete, aiming to establish key determinants for optimizing its integration 

and enhancing concrete properties. Through a systematic analysis of various studies, it 

was found that the replacement ratio, GP particle size, water-to-cement (W/C) ratio, and 

curing time significantly influence concrete's mechanical performance, including 

compressive, flexural, and split tensile strengths. Notably, a 20% replacement ratio 

generally yielded optimal results, with cement replacement often outperforming sand 

replacement. Finer GP particles (typically <2.36 mm) were more effective due to 

enhanced pozzolanic reactions, which improved strength and filled voids, although 

excessive fineness could lead to cracks. Increased curing time consistently improved 

strength, while GP type and specific gravity influenced concrete density. This study 

proposes preliminary determinants for effectively recycling higher quantities of glass 

waste into concrete, offering practical guidance for sustainable construction practices and 

mitigating environmental impact. 
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1. INTRODUCTION

The demand for the construction sector has increased in 

recent years owing to rapid development and population 

growth [1]. Sand and gravel are considered the largest 

quantities of land used after water, and for example, 

consumption is increasing; in China, it consumed 455,9824.98 

thousand metric tons in 2015 and 464,7231.96 thousand metric 

tons in 2016. Studies show that the consumption rate of sand 

and gravel is higher than the rate of natural renewal, which 

takes thousands of years [2]. The increased use of sand leads 

to erosion of rivers and a decrease in the level of groundwater, 

which leads to a disturbance in the ecosystem. Also, the 

increase in sand mining leads to high levels of atmospheric 

carbon dioxide due to the exposure of soil organic carbon to 

the surface because of the destruction of the topsoil. 

Furthermore, the growing population leads to the pile-up of 

waste around the world, which causes pollution levels to rise 

and an increase in landfills, reducing the area of green lands 

and cultivable lands [3]. Because of this, scientists are 

currently turning to recycling various wastes, and one of the 

most important of these wastes is glass, as glass is involved in 

many uses and industries at present (such as beverage bottles 

that are used once and then thrown away) [4]. Despite the 

number of studies, the difference between scientists regarding 

the method of recycling glass waste inside the concrete leads 

to the fact that a high percentage of glass is not recycled inside 

the concrete [5]. 

The impact of external factors on concrete (such as rain, 

seawater, external loads, etc.) is one of the important reasons 

that lead to a weakening of its resistance, which leads to 

various types of failure, such as corrosion of concrete and its 

inability to withstand compression. One possible solution is to 

partially substitute cement or sand inside the concrete [6]. A 

concrete mixture with glass powder (GP) has been shown to 

improve durability and reduce corrosion of steel in concrete [7, 

8]. Nevertheless, there is an absence of comprehensive 

research on the effectiveness of GP as a substitute for cement 

or sand, especially in terms of its impact on the mechanical 

qualities and long-term durability of concrete, due to the 

physical or chemical factors that occur during the process of 

mixing concrete and processing it, such as choosing the 

materials that make up the concrete, the proportions of the 

materials that make up the concrete, the chemical reactions 
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inside the concrete, and the duration of treatment, which affect 

the hardness of the concrete. 

It was shown that the substitute percentage of cement or 

sand with glass and the size of the GP particles used inside the 

concrete affect the concrete's resilience. The researcher used 

recycled crushed glass between 4.75mm and 0.3mm inside the 

concrete by adding crushed glass in place of sand, and the 

researcher noted that the compression strength (CS) had 

improved by 5.8% 7 days after curing concrete containing 

20% GP. The researcher instructed that this increase is owing 

to the angular nature of recycled glass as opposed to the 

rounded sand molecules, but when increasing the replacement 

rate, the compression resistance was reduced because of the 

difficulty of cohesion between glass and cement inside the 

concrete, but the researcher noticed that increasing the 

replacement rate to 60% had a positive impact on the 

resistance of the compression and an opposite effect on tensile 

strength (TS) [1]. However, in another study, when replacing 

sand with recycled crushed glass from the cathode tube, which 

was the size between 5mm and 0.15mm by 25%, 50%, 75%, 

and 100%, there was an adverse impact on the characteristics 

of the concrete, where the CS and flexural strength (FS) 

decreased, and the researchers attributed the reason to the 

crushed glass not having good adhesion strength with cement 

inside the concrete [9]. In a study, Yang et al. [10] focused on 

the effect of the dimensions of glass aggregates only, so the 

researcher used glass aggregates with a size greater than 

0.3mm to avoid the pozzolanic interaction of glass inside the 

concrete. A fixed size of glass aggregates was used each time 

when replacing sand with glass aggregates by 100%. The CS 

of control concrete is higher than that of concrete that contains 

glass aggregates sized between 4.75mm and 0.6 mm (with 

gradations of 2.36mm and 1.18mm). The best CS among the 

samples containing glass aggregate occurred when the size 

was 1.18mm of glass aggregate, and the lowest CS occurred 

when the glass aggregate volume was 0.6mm, and the cause of 

this reduction in the CS was not clear [10]. 

To investigate the impact of GP on the pozzolanic reaction 

inside the concrete, the recycled glass was pulverized into a 

powder with a particle size of less than 0.5mm to investigate 

the pozzolanic reaction inside the concrete. This resulted in an 

increase in the CS by 50% compared to the control concrete 

when the ratio of replacing sand with GP reached 40%, but 

when the replacement ratio was increased by more than 40%, 

the compression resistance decreased, and that was due to the 

nature of GP due to its friability and fragility [3]. However, in 

the study [11], it was found that the best CS of concrete was 

when replacing cement with GP (0.075mm) at 5%, and when 

the proportion of replacement was increased, the CS decreased 

in comparison to the control concrete, and that was attributable 

to the fact that the researcher conducted a CS test after a 28-

day curing period only. In the previous study, curing time was 

short, which Islam, Rahman, and Kazi explained. The 

compressive resistance increases after a curing duration of 90 

days, and by increasing the curing time, the CS increases. The 

researchers also noted that the pozzolanic reaction inside 

concrete for transparent and coloured glass is similar because, 

in both cases, the fine GP (75µm) is composed of silica, where 

the GP forms secondary calcium silica hydrate when it 

undergoes the pozzolanic reaction inside the concrete, and it 

was found that the best compressive resistance was when 20% 

of cement was replaced with GP compared to control concrete 

[12]. However, in another study, the maximum CS that was 

established was when 20% of sand was replaced with GP (less 

than 2.36 mm) after curing samples for 7, 14, and 28 days, but 

when the replacement ratio was increased to 30%, the CS 

decreased slightly, but it was still higher than that of control 

concrete; the splitting TS and the FS exhibited the same 

behavior [13]. In another study, cement was replaced with GP 

at a ratio from 0 to 40 with a difference of 5% for each 

replacement, and the GP size was less than 90 mm with the 

addition of a superplasticizer to all samples. The researcher 

noted that the best mechanical properties of the samples were 

found at a replacement rate of 30%, and this progress was 

attributed to the pozzolanic reaction of the GP, which formed 

C-S-H gel in the cement paste, which helped to fill the voids,

although the researcher did not explain the reason for the

decrease when the [14].

In Li et al.'s study [15], the researchers aimed to investigate 

the impact of the water-cement ratio (W/C) on concrete 

containing different amounts of GP, where the researchers 

replaced cement with GP at 0%, 10%, 15%, 20%, and 25%. 

For each replacement percentage, the W/C ratio was increased 

to proportions of 0.22, 0.24, 0.26, and 0.28. It was observed 

that the maximum compressive strength, FS, and TS in the 

control concrete occurred at W/C=0.26. By comparing it with 

concrete containing 20% GP, it was observed that the GP 

sample had higher compressive resistance, attributable to the 

pozzolanic reaction and the effect of GP filling the pores of the 

concrete. However, if the CS was compared in a sample of 

concrete containing 20% of GP and 25% of GP, a decrease in 

CS was observed in samples of 25% at w/c=0.26 [15], and the 

researcher did not explain the cause of this reduction in CS 

despite the increase in the replacement ratio, which is a major 

reason for the decrease in the CS due to the lack of cement that 

binds the components of the aggregate, as well as the 

smoothness of the glass surface, which leads to the difficulty 

of cohesion between it and the cement paste [9]. 

In all studies, a difference was observed in the results about 

the optimal ratio of replacing cement or sand with GP. 

Although the replacement ratios used were similar or close, the 

researchers did not take into their studies all the following 

variables at the same time: the size of the glass particles, the 

pozzolanic reaction, the type of glass, the replacement ratio, 

the behaviour of GP inside the concrete and its physical and 

chemical properties that effect on the concrete, curing time in 

case of sand replacement, curing time in case of cement 

replacement, and the amount of reaction water. 

The increasing global population and rapid development 

have significantly amplified the demand for the construction 

sector, leading to increased consumption of raw materials like 

sand and gravel. This surge in demand has profound 

environmental implications, including river erosion, 

groundwater depletion, and elevated atmospheric carbon 

dioxide levels due to extensive sand mining. Simultaneously, 

the growing volume of waste, particularly glass, exacerbates 

pollution and reduces cultivable land, despite glass being 

highly recyclable. While researchers have increasingly 

focused on incorporating (GP) into concrete as a partial 

substitute for sand or cement to mitigate these issues, existing 

studies often present disparate findings regarding optimal 

replacement ratios and performance. 

Despite extensive research, a critical gap exists in the 

systematic integration and comprehensive analysis of how 

multiple influential factors — such as GP particle size, the 

pozzolanic reaction, glass type, replacement ratio, water-

cement (W/C) ratio, and curing time — interact to affect 

concrete properties. Many studies have focused on isolated 
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variables, leading to incomplete conclusions and conflicting 

optimal parameters. Consequently, a high percentage of glass 

waste remains unrecycled in concrete due to these unresolved 

differences among scientists regarding optimal methods. This 

review aims to address this critical gap by systematically 

synthesizing and critically analyzing previous studies to 

identify the interplay of these key variables and establish 

preliminary determinants for the effective and optimized 

utilization of GP in concrete. By doing so, this study seeks to 

provide clearer guidance for maximizing glass waste recycling 

while enhancing the mechanical and physical properties of 

concrete, thus contributing significantly to sustainable 

construction practices. 

In this study, research papers will be reviewed to find the 

best way to replace cement or sand with GP by reviewing the 

impact of the above variables on the characteristics of concrete. 

2. METHODOLOGY

This study employs a systematic approach to review and 

synthesize existing literature concerning the use of GP in 

concrete. The primary objective was to identify and critically 

analyze the key variables influencing the mechanical and 

physical properties of concrete when GP is incorporated as a 

partial replacement for cement or sand. 

2.1 Data collection framework and sources 

A comprehensive literature search was conducted across 

prominent scientific databases, including Scopus, Web of 

Science, and Google Scholar. The search queries combined 

various keywords related to the subject matter, such as GP, 

waste glass, recycled glass, concrete, cement replacement, 

sand replacement, compressive strength, FS, split tensile 

strength, workability, density, water absorption, and durability. 

Boolean operators (AND, OR) were utilized to broaden the 

search scope and capture relevant studies. 

2.2 Inclusion and exclusion criteria 

Studies were selected based on their relevance to the scope 

of this review. The inclusion criteria were: 

* Research articles and review papers published in peer-

reviewed journals. 

* Studies focusing on the use of GP as a partial replacement

for cement or sand in concrete. 

* Papers reporting on mechanical properties (compressive

strength, flexural strength, split tensile strength) and physical 

properties (slump, density, water absorption). 

* Studies providing sufficient experimental details for

analysis and comparison. 

Studies were excluded if they: 

* Focused solely on glass cullet or coarse glass aggregates

without fine GP. 

* Did not report on concrete or mortar properties relevant to

this review. 

* Were non-English publications (due to translation

limitations). 

2.3 Data extraction and analysis 

From the selected studies, relevant data were extracted, 

including: 

* Type of GP used.

* Glass particle size/fineness.

* Replacement ratio (of cement or sand).

* Water-to-cement (W/C) ratio.

* Curing conditions and duration.

* Reported mechanical and physical properties.

* Observed chemical reactions (e.g., pozzolanic activity,

ASR). 

The extracted data were then subjected to a comparative and 

critical analysis, focusing on identifying trends, discrepancies, 

and the interactions between different variables. This 

systematic review aims to provide a consolidated 

understanding of GP's influence on concrete performance and 

to highlight areas for future research. 

3. GLASS POWDER PROPERTIES

3.1 Physical properties of GP 

Lass is one of the most extensively used materials globally, 

and there are different types of glass, such as vitro-ceramic 

glass, soda-lime, bio glass, etc. [16], which are used in many 

industries, including windows, screens, utensils, medical, and 

electronic industries [4]. This is attributed to its special 

properties, such as optical transparency, chemical inertness, 

high inherent strength, and low transmittance [17]. The 

concrete industry uses GP because of its chemical composition, 

which has a significant proportion of silica [18], according to 

the Table 1. 

Table 1. Chemical constituents included in GP And the replacement ratios for cement or glass 

The Study Replacement Replacement Ratios Glass Particle Size 
% Chemical Components 

SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O SO3 

[18] Cement and sand 0%, 20%, and 30% 
88%<10μm 

12%>15μm 
72.4 1.45 0.48 11.5 0.65 13.0 0.43 0.09 

[19] Cement 10 to 25% at 5% intervals 

74μm-150μm 

44μm-74μm 

20μm-44μm 

15μm-20μm 

69.31 3.42 0.31 9.53 2.53 11.42 0.06 0.02 

[14] Cement 0 to 40% at 5% intervals <90mm 74.3 2.20 0.9 62.3 1.6 12.9 1.1 0.08 

[20] Cement 0 to 25% at 5% intervals 20μm 74.11 0.01 0.12 10.01 2.60 12.40 0.25 - 

[19] Cement 0 to 25% at 5% intervals 74-150μm 69.31 3.42 0.31 9.53 2.53 11.42 0.06 0.02 

[20] Cement 0 to 25% at 5% intervals 45μm 71.2 3.12 0.54 7.6 2.49 11.23 0.068 0.016 

[11] Cement 0 to 20% at 5% intervals 75μm 70.82 2.22 0.51 10.82 1.41 12.95 0.28 0.10 

[5] Sand 50% <45mm 68.43 2.59 0.375 11.28 1.22 14.77 0.598 0.187 

[21] Sand 5%,10%,15% and 20% <4.75mm 69.54 1.81 1.42 - 11.24 12.59 0.52 - 

[22] Cement and sand 5%, 10%, 15% and 20% 150μm 59.7 1.31 0.77 18.2 3.59 14.7 0.348 0.243 
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[23] Sand 20% <4.75mm 69 to75% 0.5 to 2.5% - 9 to13% - 13 to 17%, - - 

[12] Cement 10 to 25% at 5% intervals 
75μm (Clear GP) 68.1 0.9 0.6 14.5 1.8 12.2 0.8 0. 4 

75μm (Color GP) 68.7 1 0.9 12 1.8 13.3 1 0. 1

The specific gravity of GP differed from one type of glass 

to another, and this is due to the different types of recycled 

glass, as shown in the following Table 2. 

Table 2. The specific gravity for glass powder 

The Study GP Type Specific Gravity 

[21] waste glass 2.38 

[22] Waste window glass 2.5 

[23] Waste glass 2.53 

[24-28] Waste glass 2.53 

[29] Waste Glass 2.64 

[13] Waste Glass 2.43 

[23] Waste bottles glass 2.28 

3.2 Chemical reaction 

GP of various types shares a chemical composition with 

sand [24]. Therefore, when replacing sand or cement with GP, 

the GP enters the pozzolanic reaction because the GP contains 

reactive silica (SiO2) and alumina (Al2O3), which in turn react

with calcium hydroxide Ca(OH)2 present in Portland cement

to form pozzolanic products and chemical reformers [25], and 

the pozzolanic reaction occurs during cement hydration in the 

presence of water at ambient temperature [26]. As the size of 

the GP particles decreases, the pozzolanic reaction increases 

[25]. The chemical reactions shown in Eqs. (1) and (2) 

describe the pozzolanic reaction. 

Chemical reaction Eq. (1) [5] : 

SiO2 + Ca(OH)2  → C − S
− H(calcium hydroxy silicate)
+ Ca(OH)2

(1) 

Al2O3 + Ca(OH)2  
→ C − A
− H(calcium hydroxy aluminate)
+ Ca(OH)2

(2) 

These pozzolanic reactions are fundamentally important for 

enhancing concrete performance. The formation of additional 

C-S-H and C-A-H gels significantly densifies the cement

matrix, filling microscopic voids and refining the pore

structure. This densification directly translates to improved CS,

FS, and TS, as evidenced by various studies showing strength

gains when GP participates effectively in the pozzolanic

reaction. For example, the increased grouting effect and

resistance offered by the interfacial transition zone (ITZ) are

attributed to the formation of these secondary compounds.

Furthermore, the consumption of Ca(OH)2 by GP is crucial 

for mitigating the ASR, a detrimental expansion mechanism in 

concrete. GP contains a high percentage of silica, and its 

addition leads to a lower Ca/Si ratio in the C-S-H products, 

which enhances the adsorption of alkali cations. This reduction 

in available Ca2+ ions, vital for the formation of ASR-induced 

swelling gels, consequently decreases the ASR effect after 

adding GP. Studies have shown that finer GP particles (less 

than 50µm) react more effectively to prevent ASR formation, 

as they consume calcium more efficiently and lead to fewer 

cracks. This direct chemical mechanism enhances the long-

term durability and structural integrity of concrete, making GP 

a valuable material not just for strength but also for longevity. 

It was observed that substituting cement with GP in 

different proportions of 10%, 20%, and 30%, and after 14 days, 

the expansion values were 0.33%, 0.12%, and 0.0478%, 

respectively, as the ASR expansion rate decreased when the 

replacement rate increased [8]. Also, Jiang et al. [25] noted 

that GP contains a high percentage of silica, where the Ca/Si 

ratio ranged between 1.2-2.3 for the C-S-H reaction before 

adding GP, and when GP was added, the secondary C-S-H 

reaction exhibited Ca/Si ratios between 0.6 and 1.4, and Na/Si 

ratios between 0.05 and 0.20. The low Ca/Si ratio resulted in a 

negative charge for the C-S-H, which enhanced the adsorption 

of cations (especially alkalis), which leads to higher Na/Si 

ratios, and that leads to the consumption of Ca2 as it shows in

the chemical reaction Formula 3, where the Ca2 is important

in the reaction of ASR, and therefore the effect of ASR 

decreases after adding GP [25]. 

Chemical reaction Eq. (3): 

( )

2 4

2

4

2 4

2   

  

Ca SO SiO

Ca SiO Calcium Silicate SO

+ −

−

+ + →

+
(3) 

Lu et al. [16] also observed that replacing 20% of cement 

with GP resulted in a decrease in ASR reaction, because the 

GP is responsible for the decrease in the reaction of the 

calcium/silicon ratio by sequestering the majority of the Ca2 

ions that are required for the formation of a swelling gel, and 

C-S-H has a significant concentration of alkali (Na/Si was

0.758). It was observed that C-S-H with a low Ca/Si ratio was

able to assimilate much higher amounts of alkali compared to

standard C-S-H. It was also noted that whenever GP size was

less than 50μm, it reacted in a better way that prevented the

formation of ASR [16].

Also, the size of GP directly affects the ASR, as it was 

determined that the smaller the particle size of the GP, the less 

affected the ASR due to the ability of fine GP to consume 

calcium, which is a major action in the C-S-H reaction. It was 

discovered that an ASR reaction occurs in the fine cracks of 

GP attributable to the Pozzolanic interaction, so the finer size 

of GP and the greater surface area led to fewer cracks, which 

reduces the effect of ASR inside these cracks. The critical size 

of GP was determined to be between 1-0.9mm, and the 

researcher recommended using GP passing through a 0.6mm 

sieve as it leads to limited ASR expansion [4]. 

The chemical composition of GP, particularly its high silica 

(SiO2) content, is a primary driver of its efficacy as a cement 

or sand replacement. As detailed in Table 1, GP typically 

contains a substantial percentage of SiO2, ranging from 59.7% 

to 74.3%. This reactive silica is crucial for the pozzolanic 

reaction, where it combines with Ca(OH)2 from cement 

hydration to form secondary C-S-H and C-A-H gels. These 

gels contribute to a denser matrix and improved pore structure, 

directly enhancing the compressive, flexural, and tensile 

strengths of concrete. For instance, studies show that finer GP 

particles, which generally have a higher surface area for 

reaction, lead to a more effective pozzolanic interaction and 

consequently better mechanical properties. 
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Furthermore, the physical properties of GP, such as its 

specific gravity, have a direct impact on the resultant concrete 

characteristics. Table 2 illustrates that the specific gravity of 

various waste glass types typically ranges from 2.28 to 2.64. 

This is generally lower than that of conventional sand (around 

2.62) and cement (around 2.62). Consequently, the partial 

replacement of sand or cement with GP often leads to a 

reduction in the overall density of the concrete. For example, 

replacing fine aggregate with GP has been shown to decrease 

concrete density, with a greater reduction observed at higher 

replacement ratios, directly correlating with GP's lower 

specific gravity compared to sand. However, it is important to 

note that the type of recycled glass influences specific gravity; 

for instance, cathode ray tube (CRT) GP, due to its lead 

content, can have a higher specific gravity (2.99g/cm³) than 

sand (2.09g/cm³), leading to an increase in concrete density. 

These variations underscore the necessity of considering both 

chemical and physical properties of the specific GP type when 

designing concrete mixes to predict and optimize mechanical 

performance effectively. 

The type of glass utilized for producing GP is a critical 

factor influencing its properties and subsequent impact on 

concrete performance. While soda-lime glass is widely used, 

other types, such as CRT glass, exhibit different characteristics. 

For instance, the specific gravity of GP can vary significantly 

depending on its origin, as shown in Table 2, with waste glass 

typically ranging from 2.28 to 2.64. However, recycled GP 

from CRT can have a higher specific gravity (2.99g/cm³) 

compared to sand (2.09g/cm³) due to the presence of lead. This 

directly impacts concrete density; studies replacing sand with 

CRT-GP demonstrated an increase in density, with 100% 

replacement yielding a density of 2472kg/m³ compared to 

2208kg/m³ for control concrete. 

Furthermore, the chemical composition, as presented in 

Table 1, varies among glass types, which can influence their 

pozzolanic activity. While most GP contains a high percentage 

of silica (SiO2), the presence of other oxides in varying 

proportions can affect the formation of C-S-H and C-A-H gels 

during the pozzolanic reaction. For example, the researchers 

Islam, Rahman, and Kazi noted that the pozzolanic reaction 

inside concrete for transparent and colored glass is similar 

because, in both cases, the fine GP (75µm) is composed of 

silica. This highlights that even subtle differences in chemical 

make-up due to glass type can influence the effectiveness of 

GP as a supplementary cementitious material. Future research 

should systematically categorize and analyze the specific 

chemical signatures of various waste glass streams to better 

predict their performance and optimize their use in concrete 

applications, particularly considering any potential long-term 

interactions. 

3.3 GP recycling 

Glass waste is considered solid waste, which constitutes a 

large proportion of solid waste around the world [8]. 

Mechanical, thermal, and chemical recycling methods are used 

to enhance the quality of recycled materials and augment the 

rate of recycling [29-31], according to the United States 

Environmental Protection Agency (EPA) in 2018, the glass 

production across all goods in the United States amounted to 

12.3 million tonnes. while recycled glass is only about 3.1 

million tonnes for a recycling rate of 31.3% (EPA 2020). For 

recycling glass, first, the glass will be collected by recycling 

companies, as there are several processes for recycling glass 

before reusing it in different industries. These processes vary 

according to the type of glass and its previous use, for example, 

when recycling auto glass, the size is first reduced and the 

component materials are separated, and when the size is 

reduced, crushing comes after shredding and then is followed 

by grinding, and in the process of material separation, the 

polyvinyl butyral sheets are separated and the GP is separated. 

After crushing and separation by gravity, the polyvinyl butyral 

is recovered by rubbing and pressure washing [32]. As for the 

other types of glass waste, after the glass waste is collected, 

the impurities are removed, as the impurities affect the quality 

of the glass to be recycled. The cleaner the glass, the higher 

the percentage of recycled glass waste. Then the glass waste is 

classified according to colour, and the plastic and iron covers 

are removed manually. Then the glass is crushed by machine; 

After that, the organic waste is eliminated by washing; the 

aluminium is also extracted using the machine vibration 

method; and finally, the GP is produced [32, 33]. 

Despite the ability to recycle glass by melting it and 

producing new glass materials, there are many obstacles that 

prevent this from happening, such as mixing different types of 

glass and mixing glass colors and different contaminations, 

where the glass wastes are buried as this glass is buried 

occupies large areas of waste dumps due to the inability of 

glass waste to decompose [34, 35]. This not only leads to 

wasting the materials but also pollutes the environment [4, 25]. 

The accumulated glass waste around the world amounts to 200 

million tons annually in landfills [25]. It was also found that in 

Hong Kong, 90% of glass waste is buried in landfills [35], and 

in Australia, it was found that 1.1 million tons of glass waste 

were generated and only 57% was recycled from 2017 to 2018 

[36]. 

The increase in the population led to an increase in the 

concrete industries for building housing and other service 

buildings, which led to an augmentation in the use of raw 

materials used in the manufacture of concrete, such as sea or 

river sand, as well as gravel, and the production of large 

quantities of cement, the production of which leads to various 

environmental damages. With the increase in glass waste [1], 

researchers turned to partial or total replacement of concrete 

components with recycled glass, such as replacing sand with 

fine glass powder or gravel with coarsely ground glass waste, 

and this will reduce the use of non-renewable natural resources 

[37, 38]. 

The GP will be taken from waste glass recycling companies, 

which crush waste glass through three stages and these stages 

include the implosion, the shearing apparatus and the sanding 

apparatus. The glass will be crushed by rotating blades inside 

the device, and then the glass particles are transferred to the 

shear unit for further crushing operations, and before reaching 

the sanding unit, several large glass fragments and other 

contaminants are eliminated. The researchers used 3mm fine 

glass as an alternative aggregate for sand inside the concrete 

[1]. In another study, the researchers recycled household glass 

waste by grinding it in a ball mill after washing it with an ionic 

emulsifier and then sifting the ground glass using a 20-

micrometre sieve [19]. 

4. EFFECT OF GP ON MECHANICAL AND PHYSICAL

PROPERTIES OF CONCRETE

The methodology followed in this study involves 

summarizing the essential studies related to the study topic to 
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create a research review on the physical factors and chemical 

interactions affecting glass powder-containing concrete. Then, 

a more in-depth analysis of these factors and interactions is 

conducted, leading to conclusions that contribute to enhanced 

comprehension of how GP affects the characteristics and 

overall performance of concrete. 

4.1 Slump test 

Workability, crucial for ensuring concrete homogeneity and 

ease of placement, is significantly affected by the 

characteristics of GP additions, particularly when used as a 

sand replacement. Researchers consistently determined that 

the slump generally diminishes with an increasing proportion 

of GP when replacing sand. For instance, in a study replacing 

sand with mixed-color soda-lime GP (3 mm particle size) at 

20%, 40%, and 60%, the slump decreased from 90mm 

(control) to 60mm, 65mm, and 40mm respectively, as shown 

in Figure 1. The considerable slump reduction (69% at 20% 

and 71% at 40% compared to reference concrete) was 

attributed to the angular morphology and softness of the GP 

particles, which can influence the water-cement (W/C) ratio 

effectively [1]. Arivalagan and Sethuraman [13] similarly 

found that for sand replacement with GP (<2.36mm) at 10%, 

20%, and 30% (W/C=0.45), the slump decreased 

proportionally with increasing replacement percentage, as 

depicted in Figure 2 [13]. 

However, the impact of GP size and admixtures on slump is 

critical. In a contrasting study where 20% sand was replaced 

with coarser GP (5.6mm) from a home glass bottle, and a 

superplasticizer was used (W/C=0.45), the slump reached 

approximately 185mm, significantly surpassing control 

concrete [23]. A direct comparison between Arivalagan and 

Sethuraman's [13] study (2.36mm GP, W/C=0.45, lower 

slump) and this study (5.6mm GP, W/C=0.45, higher slump) 

highlights the complex interaction between GP particle size 

and workability, as shown in Figure 3. The finer GP (2.36mm) 

likely consumed more water due to increased surface area, 

while the superplasticizer in the latter study mitigated the 

uneven grain morphology of the larger recycled glass sand 

(RGS), improving dispersion and workability. This indicates 

that while finer GP can reduce slump due to increased surface 

area and pozzolanic reaction, coarser GP can sometimes 

improve it, especially with the aid of superplasticizers to 

overcome morphological challenges [1, 25]. 

It was clear that the replacement ratio had a major impact 

on the slump of the concrete mix. increasing the replacement 

ratio resulted in an escalation of the slump. This is what the 

researcher found when replacing different percentages of GP 

with cement (0%, 5%, 10%, 15%, and 20%) the slump (6.5cm, 

7.5cm, 8.6cm and 10.2cm) respectively, while GP type, W/C 

ratio (0.5), and GP size (measurement less than 0.075mm) 

were constant in all samples. In another point of view, this may 

be due to an elevated replacement rate and the difficulty of 

adhesion of the GP particles with the rest of the mixture 

components owing to the smooth texture of the GP particles 

[11]. 

In this regard, Fanijo et al. [30] noted that replacing 30% of 

cement with GP led to an escalation in the slump of around 

10% compared to control concrete, that was by using the same 

type of GP and a fixed size (10µm) for all samples that contain 

10% GP. Also, the W/C was constant in the control concrete 

and the concrete containing the GP (207kg/m3). Therefore, the 

researcher suggested that the change in slump resulting from 

the angular morphology of the GP results in a decrease in the 

water absorption capacity and an enhancement of the 

workability [30]. 

In general, it was noticed that the slump of concrete 

containing GP depends on several factors such as glass 

roughness, size, and type, and the slump of concrete is also 

affected if cement or sand is replaced with GP [5]. This was 

also proven by researchers Tan and Du, who tested the fluidity 

of mortar samples after using different types of glass to make 

GP having different sizes. It found that the flow of brown, 

green, transparent, and mixed glass sand slurry was 75%, 90%, 

60%, and 82% of the flow compared to normal mortar sand, 

respectively, as shown in Figure 4. 

Figure 1. Slump value of conventional aggregate and GP 

fine aggregate concrete 

Figure 2. Comparison between two samples of concrete glass 

powder of 20% different sizes 

Figure 3. Flow of glass sand mortar 

This study supports the idea that the increase or decrease of 

the slump is affected by the type of replacement in terms of 

replacing sand or cement with GP and the size of glass 

particles. When comparing the previous results, it was found 
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that replacing sand with GP decreased slump, and when 

replacing cement, slump increased. 

 

4.2 Analysis of concrete density  

 

The density of concrete incorporating GP is primarily 

governed by the specific gravity of the GP relative to the 

material it replaces (sand or cement). Generally, a reduction in 

concrete density is observed with an increasing GP 

replacement ratio, primarily because the specific gravity of 

most GP types is lower than that of conventional sand or 

cement. For instance, when fine aggregate (sand) was replaced 

by 20%, 40%, and 60% with GP (4.75mm to 0.3mm), the 

concrete density decreased consistently; the density for control 

concrete was 2396kg/m³ (56 days), while 60% RGS 

replacement resulted in 2361kg/m³, as shown in Figure 5 [1]. 

Similarly, the impact of various GP replacements on 

concrete density can be observed, highlighting the general 

trend of density reduction when GP replaces cement or sand, 

as illustrated in Figures 6 and 7. Furthermore, specific types of 

glass, such as cathode ray tube (CRT) GP, can alter this trend 

due to their higher specific gravity, leading to an increase in 

concrete density, as detailed in Figure 8. 

This aligns with other findings where 20% sand substitution 

with GP (specific density 2.44) led to reduced concrete density 

compared to control concrete using sand with a specific 

density of 2.7 [7]. Similarly, using 50% GP recycled from beer 

bottles (density 2.49g/cm³) instead of sand (density 2.62g/cm³) 

reduced concrete density by 3.3% [5]. When GP replaced 

cement, a progressive reduction in concrete density was also 

noted (e.g., 1.3% to 3.31% for 5% to 20% replacement), 

attributed to GP's specific gravity (2.60) being slightly less 

than that of cement (around 2.62) [11]. 

 

 
 

Figure 4. Density of control concrete, concrete with 

recycling glass powder (RGS) 

 

 
 

Figure 5. Effect of cathode ray tube GP replacement on the 

hardened density of mortar 

 
 

Figure 6. Density of concrete 

 

 
 

Figure 7. Density of concrete containing GP 

 

However, the type of recycled glass significantly influences 

this trend due to variations in specific gravity. In a notable 

exception, replacing sand with recycled GP from CRT at 

proportions of 25%, 50%, 75%, and 100% resulted in an 

augmentation of concrete density. For example, 100% CRT 

GP concrete reached 2472kg/m³, while control concrete was 

2208kg/m³ [9]. This increase is directly due to the higher 

specific gravity of CRT GP (2.99g/cm³) compared to the 

replaced sand (2.09 g/cm³), a characteristic often linked to the 

presence of lead in CRT glass [9, 27]. Therefore, it is 

concluded that while the typical outcome of GP incorporation 

is a decrease in concrete density, the specific gravity of the GP, 

which varies by its source and composition, is the dominant 

factor dictating the final concrete density. 

 

4.3 Assessment of water absorption in concrete 

 

The water absorption of concrete incorporating GP is a 

complex property influenced by the GP's particle size, 

replacement ratio, and particle morphology, as well as the type 

of material being replaced. Conflicting results in the literature 

highlight these intricate interactions. 

When GP replaces cement, the effect on water absorption 

appears to be highly dependent on GP fineness and 

replacement level. Balasubramanian et al. [7] found that 

replacing cement with very fine GP (50µm) at rates of 5% to 

20% led to a lower absorption rate, ranging between 4.3% and 

48.0% compared to control samples. This reduction was 

potentially attributable to the ability of the fine GP to fill voids 

within the concrete matrix and its inherently low water 

absorption capacity. However, in another study where cement 

was replaced with coarser milled waste glass (4.75-12.5mm) 

by 30%, water absorption increased by 23% compared to 

control concrete, and further increased by 30% when samples 

were immersed in sulfates for extended periods [39, 40]. 

Similarly, Jain et al. [41] observed an increase in water 

absorption at 20% and 25% cement replacement with 90µm 
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GP, primarily due to the decrease in the percentage of cement, 

which can lead to higher porosity if not compensated by 

adequate pozzolanic reaction. 

When sand is substituted with GP, the trend often leans 

towards increased water absorption. For instance, Tanwar et 

al. [40] noted that replacing sand with 150µm GP at rates from 

5% to 20% led to an increased water absorption rate as the 

replacement percentage grew, with 20% GP samples showing 

a 40.83% higher absorption compared to control concrete [40]. 

This increase was attributed to the angular shape and smooth 

surface of the GP, which, when used in large quantities, can 

create voids that facilitate water penetration into the concrete 

[40]. However, it is important to note that this specific study's 

certainty about GP's effect on water absorption is limited, as 

the researcher also replaced sand with granular blast furnace 

slag [40]. 

In conclusion, the effect of GP substitution on water 

absorption is not uniform. While very fine GP might reduce 

absorption by acting as a filler and contributing to a denser 

matrix, coarser GP or higher replacement ratios, especially 

when replacing sand, may lead to increased absorption due to 

the creation of more voids or less effective bonding caused by 

the GP's morphology and surface properties. The overall 

consensus is that substitution with GP can lead to increased 

water absorption, particularly due to the angular nature of 

glass particles. However, the exact impact depends critically 

on the particle size and the type of material replaced, 

underscoring the need for further research to determine the 

optimal GP size and application method for minimizing water 

absorption and enhancing concrete durability. 

4.4 Compressive strength 

To ascertain the impact of GP on the CS of concrete, studies 

have investigated varying replacement ratios and particle sizes. 

Tamanna et al. [1] replaced 20%, 40%, and 60% of sand with 

mixed-color soda-lime GP, ranging from 0.3mm to 1.13mm. 

They observed that the CS increased by 7% at 20% 

replacement compared to control concrete after 28 days of 

curing. However, increasing the replacement to 40% and 60% 

led to a decrease in CS by 14% and 4%, respectively, 

compared to the control concrete. This initial improvement 

was attributed to the angular nature of GP, providing better 

interlocking than rounded sand particles. The subsequent 

decrease at higher replacement rates was linked to a 

weakening of the mechanical bond within the concrete's 

microstructure between GP and cement, affecting the 

interfacial transition zone (ITZ), as presented in Figure 9. 

In contrast, Ez-zaki et al. [3] used similar sand replacement 

ratios (20%, 40%, and 60%) but with finer glass particles (less 

than 0.5mm) and a higher water-cement (W/C) ratio of 0.6. 

Remarkably, they found that when the ratio of replacement 

was 40%, the CS rose by 50% relative to the control concrete, 

as seen in Figure 10. The significant improvement was 

ascribed to the enhanced pozzolanic behavior of the finely 

ground glass. However, at 60% replacement, the CS decreased, 

which the researchers attributed to the smooth surface of the 

GP and its friability, as well as high brittleness. These 

contrasting results highlight a critical interaction between 

replacement ratio and particle size: while a moderate 

replacement of coarser GP might improve CS, a higher 

replacement with finer GP can yield substantially better results 

due to increased pozzolanic activity and void-filling 

capabilities, despite the potential challenges of workability 

and brittleness at very high dosages. 

Figure 8. Comparison of concrete containing GP with 

control concrete 

Figure 9. Compressive strengths of GP at different 

replacement levels 

Figure 10. Effect of GP replacement levels on concrete 

compressive strength 

Balasubramanian et al. [7] noticed that the CS for samples 

after curing 28 days increases after a rise in the percentage of 

replacing cement with GP by 5%, 10%, 15%, or 20%, where 

the percentage increase was between 1% and 5% in 

comparison with the control sample as shown in the Figure 11, 

noting that the GP utilised was 50μ in size and the W/C ratio 

was 0.5. However, despite the good results obtained, the 

researcher did not give a clear reason for the increase in 

compression resistance, but it may be attributable to the good 

pozzolanic interaction of the GP due to the very small particle 

size. 

When GP is used as a partial replacement for cement, the 

fineness of the powder becomes even more critical for strength 

development, particularly at varying replacement levels. 
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Balasubramanian et al. [7] observed that the CS for samples 

after 28 days of curing increased when cement was replaced 

with 50 μm GP by 5%, 10%, 15%, or 20%. The percentage 

increase ranged between 1% and 5% compared to the control 

sample, as shown in Figure 12. While the authors did not 

provide a specific reason for this improvement, it can be 

attributed to the good pozzolanic interaction of the very small 

particle size GP, which effectively fills voids and densifies the 

matrix. 

In a contrasting study, Ibrahim [11] investigated cement 

replacement with even finer GP (0.075mm) at ratios of 0%, 

5%, 10%, 15%, and 20%, maintaining a W/C ratio of 0.5. 

Interestingly, the best CS was found at only 5% replacement, 

showing an increase of about 7.51% compared to the control 

concrete, as seen in Figure 13.  

However, at higher ratios (10%, 15%, and 20%), the CS 

decreased by 3.48%, 6.98%, and 21.65% respectively. Ibrahim 

[11] attributed this decline to the high fineness of the recycled

GP leading to internal cracks because of insufficient adhesion

between the recycled GP and the interphase cement paste. This

discrepancy underscores that while fineness generally

enhances pozzolanic activity, excessive fineness (e.g.,

0.075mm vs. 50µm) can introduce workability challenges and

increase internal cracking, particularly when not accompanied

by optimized W/C ratios or extended curing, thereby

potentially leading to a reduction in mechanical properties at

higher replacement levels even with good pozzolanic potential.

But in another study, to investigate the impact of the 

fineness of GP on the CS of concrete, it had been replaced with 

cement by GP in the same proportions (10%, 15%, 20%, 25%) 

as in the previous study, and a 0.5W/C ratio was used for all 

samples. A compressive resistance test was conducted after a 

treatment period of 7, 28, and 90 days, and it was found that 

the concrete samples that contain different proportions of GP 

(measuring 74μm-150μm) had lower CS compared to control 

concrete as seen in Figure 14, and the higher the replacement, 

the CS decreased. Also, samples containing a powdered glass 

of 44μm-74μm exhibited the same behaviour, and their CS 

was lower than that of control concrete, although the samples 

containing powdered glass of 44μm-74μm showed higher CS 

than samples containing GP measuring 74μm-150μm, and that 

was resulted to the low activity of pozzolanic GP due to the 

size of its particles and the low cement content, as well as the 

appearance of most of the particles in the cement mortar in the 

form of fine aggregates, which reduced the content of 

hydration products in the system. As for the samples that 

contain GP of 20μm-44μm and 15μm-20μm, it was found that 

the CS was lower than that of the control concrete at a curing 

period of 7 days, but when the cure duration was extended to 

28 and 90 days, it was found that the best CS was in the 

samples contained 20% GP (20μm-44μm), which was 3.5% 

and 9.6% higher than the control sample, respectively, and the 

CS of the same samples decreased when the substitution ratio 

increased to 25%, and the researcher attributed this decrease 

to the increase in the water absorption of GP due to the high 

surface area of GP, which affects cement hydration. 

Another study showed similar results when the researcher 

replaced cement with GP (measurement 0.075mm) at ratios of 

0%, 5%, 10%, 15%, and 20%, and the amount of W/C ratio 

was 0.5 for all samples. It was found that the CS decreased by 

3.48%, 6.98%, and 21.65% at ratios of 10%, 15%, and 20%, 

respectively, attributable to the high fineness of the recycled 

GP leading to cracks because of the high fineness of the 

recycled GP which leads to cracks that lead to insufficient 

adhesion between the recycled GP and the interphase cement 

paste; however, the best CS was at 5%, which was higher by 

around 7.51% in comparison to the control concrete, as shows 

in Figure 13 [11]. 

Figure 11. Compressive strengths of GP at 28, 56 and 112 

days 

Figure 12. Compressive strengths of GP 
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Figure 13. Compressive strengths of glass powder 0.075mm 

To know the impact of replacing sand or cement with GP 

on compressive resistance, first, the cement was replaced with 

GP with a size of 150μm, and second, the sand was replaced 

with GP with a size of 4.75mm in proportions of 5%, 10%, 

15%, and 20%. It was noticed that replacing cement with GP 

gives a higher CS. This results from the good pozzolanic 

interaction of the GP inside the concrete when the size of the 

GP particles is 150μm, while the reason for the decrease in CS 

after replacing the sand with GP is the weak connection 

between the glass aggregate and the W/C paste, and the sand 

also has greater resistance to breakage compared to glass. 

Despite this, it was found that the best replacement ratio in 

both cases was 5% in comparison to the control concrete, 

while the rest of the ratios gave a lower CS than the control 

concrete, as seen in Figures 15 and 16 [26]. 

Figure 14. CS of concrete containing different WGP as a 

substitute for cement 

Figure 15. CS of concrete containing different WGP as a 

substitute for sand 

In a study, cement was substituted with GP (size<90μm) at 

0%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, and 40% 

(identified as G0, G1, G2, G3, G4, G5, G6, G7, and G8, 

respectively) after curing the samples for 90 days. According 

to the findings, the CS of samples containing 30% GP was 

20.35% higher than that of control concrete,and the researcher 

attributed this increase in CS to the fact that the GP enhanced 

the strength due to the formation of C-S-H gel in the cement 

paste [15]. 

Despite the impressive results achieved by previous studies, 

it was noted that the reason for the failure of compressive 

strength is that some factors were ignored. For example, when 

Tamanna studied the focused on the smoothness of the GP, the 

replacement ratio, and the treatment duration. Still, he did not 

mention anything about the type of glass that he used or the 

use of different ratios of reaction water that are affected by the 

smoothness of the glass. This has also happened with Gupta's 

study [14]. Ez-zaki  et al. [3] also used similar replacement 

ratios and increased the w/c, but he did not clarify the type of 

glass that he used, nor did he specify the treatment duration of 

the samples. Balasubramanian et al. [7] were neutral in his 

study, as he used lower replacement ratios, and the maximum 

replacement ratio was 20%. He used a specific w/c ratio and 

specified the treatment duration and found that the best CS was 

at 20%. He attributed this to the pozzolanic reaction, as he 

ignored the type of glass and whether replacing different types 

of glass might give the same results or not. He also did not 

specify the interactions. The study by Ibrahim [11] was unlike 

previous studies. Where it was found that the best percentage 

is 5%, despite specifying the W/C ratio as 0.5 and measuring 

the GP as 0.075mm, and the decrease was attributed to the 

softness of the GP, the difficulty of bonding, and cracks within 

the GP particles, but from another point of view, it did not take 

into account the use of different percentages of W/C ratio that 

will be affected by the surface area of the GP on the absorption 

and the chemical reaction that will occur due to the softness of 

the GP and the type of GP. Researchers also focused on 

increasing the curing period and its effect on increasing the 

strength of concrete, as Fanijo specified the replacement ratio, 

the type of glass used, smoothness, and the curing period, but 

he did not mention the W/C ratio. However, Li et al. [20] gave 

relatively clear and accurate results due to their consideration 

of the reaction water ratios, replacement ratios, and curing 

period, as they did not clarify the effect of the angular surface 

area of GP. He attributed the decrease in concrete resistance at 

a replacement ratio of 25% and a curing period of 56 days to 

the smoothness of the glass and the difficulty of its cohesion 

with the other components. However, we noticed in the results 

that when the curing period was increased to 112 days for a 

replacement ratio of 25%, CS increased, which was the 

optimal ratio. The researcher did not give any logical reason 

for this contradiction in the results. Researcher [18] also tried 

to consider the same previous factors, but he did not research 

changing the different W/C ratios and did not take them into 

account accurately. Tried to compare the replacement of sand 

or cement with glass and reached somewhat satisfactory 

results due to neglecting the type of glass used, the percentage 

of reaction water, which was not specified for both cases, and 

the duration of treatment [26]. 

By comparing the previous studies, we find that the CS of 

concrete containing GP is affected by the type of glass used, 

the measurement of the particle size of the GP, the ratio of 

replacement, the amount of W/C ratio, the curing time for the 

concrete, the type of replacement with sand or cement, and the 

pozzolana behaviour of GP inside the concrete, and all these 
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variables can be considered as a basis that must be taken into 

account at once to obtain the optimum ratio of use of GP inside 

the concrete. 
 

4.5 Bending and tensile split strength 
 

FS and TS of concrete containing GP are significantly 

influenced by a complex interplay of GP fineness, replacement 

ratio, water-to-cement (W/C) ratio, and curing time, 

particularly when cement is partially replaced. 

Balasubramanian et al. [7] demonstrated that replacing cement 

with 50 µm GP at rates of 5%, 10%, 15%, and 20% increased 

FS and TS after 28 days of curing, with strength gains ranging 

from 1% to 3% compared to control concrete, as shown in 

Figure 17.  

This improvement is likely due to the fine GP particles 

effectively filling voids and promoting pozzolanic interaction. 

Similarly, Gupta et al. [14] observed a positive effect of long-

term curing; for cement replacement with <90 µm GP, FS 

reached 5.44 MPa at 56 days and 5.9 MPa at 90 days for 30% 

GP. They attributed this to the increased grouting effect and 

resistance offered by ITZ. 

However, the optimal conditions are highly sensitive to the 

specific combination of these factors. Li et al. [15] further 

validated the impact of the W/C ratio and curing duration on 

FS and TS for concrete containing 40 µm GP. While control 

concrete showed the highest strengths at 28 days across 

various W/C ratios (0.22-0.28), at 56 days, 20% GP 

replacement yielded higher strengths. By 112 days, all GP 

replacement ratios (10-25%) surpassed control concrete, with 

20% GP at W/C=0.26 showing the highest strength due to 

robust pozzolanic interaction and pore filling. A reduction in 

strength was observed at 25% replacement compared to 20%, 

attributed to the fine texture of GP hindering cohesion. This 

highlights that for cement replacement, especially with finer 

GP, optimal performance is achieved through a synergistic 

combination of replacement ratio, a precisely tuned W/C ratio, 

and sufficiently long curing periods to allow the pozzolanic 

reaction to fully develop. 

Conversely, Ibrahim [11] reported that for cement 

replacement with very fine GP (<0.075mm) at a constant W/C 

ratio of 0.5, TS was highest at only 5% replacement, increasing 

by 13.15% compared to control concrete, as seen in Figure 18. 

At higher replacement ratios (10%, 15%, 20%), TS decreased 

significantly. This contrasts with studies finding higher 

optimal replacement rates (e.g., 20% or 30%) and suggests that 

excessively fine GP, without appropriate W/C ratio 

adjustments, might lead to workability issues or insufficient 

bonding within the cement paste, thereby compromising 

strength despite its high surface area for pozzolanic activity. 

When sand is substituted with GP, the impact on flexural 

and split tensile strengths also demonstrates complex 

interactions between particle size, replacement ratio, and 

bonding characteristics. Tanwar et al. [40] observed a 

significant increase in FS by 56% at only 5% sand replacement 

with 150µm GP, using a W/C ratio of 0.4, after 28 days of 

curing, as shown in Figure 19. This enhancement was 

attributed to the pozzolanic interaction of GP, forming 

secondary cement compounds that condense the cement 

matrix and the ITZ. However, at higher substitution ratios, FS 

decreased, as the GP's limited water absorption capacity and 

smooth texture led to reduced adhesion with the cement slurry, 

even with its pozzolanic potential. 

 

Table 3. Resistance of FS and TS 

 

Mix 
Flexural Strength (MPa) Split Tensile Strength (MPa) 

7 days 14 days 28 days 7 days 14 days 28 days 

0% 2.5 3.75 4 3.02 3.12 3.45 

10% 2.61 3.95 4.01 3.07 3.03 3.40 

20% 2.65 3.95 4.60 3.19 3.16 3.46 

30% 2.30 3.54 3.90 2.80 2.65 3.04 

Similarly, Arivalagan and Sethuraman [13] noted that the 

best resistance to FS and TS was at a 20% sand replacement 

with coarser GP (>2.36mm) and a W/C ratio of 0.45. While 

increasing curing duration generally improved strength, 

increasing the substitution rate to 30% led to a decrease in FS 

and TS compared to control concrete, as seen in Table 3. The 

authors did not explicitly detail the reasons for these changes 

or the role of pozzolanic reaction and GP size, but the larger 

particle size and increased replacement could contribute to 

weaker bonding. 

Muhedin and Ibrahim [22] further highlighted the 

difference between sand and cement replacement. For sand 

replacement, they found that only 5% GP (size 4.75mm) 

yielded better or similar TS results to control concrete, as 

shown in Figure 20. This lower optimal replacement rate for 

sand is often attributed to the weaker connection between the 

glass aggregate and the W/C paste, and the fact that sand 

generally has greater resistance to breakage compared to glass. 

Unlike cement replacement, where finer GP promotes 

pozzolanic reaction, for sand replacement, the physical 

bonding and aggregate properties become more dominant 

factors, especially as replacement ratios increase, leading to a 

reduction in bonding and overall strength due to the smooth 

surface of GP and decreased cement content. 

By comparing the previous results, an effect was observed 

in the type of glass used, the measurement of the particle size 

of the GP, the ratio of replacement, the amount of W/C ratio, 

the curing time for the concrete, the type of replacement with 

sand or cement, and the pozzolana behaviour of GP inside the 

concrete. Consequently, we notice that the highest rates of 

recycling GP were when replacing cement, as it gave good 

resistance to TS and FS, as happened in the study of 

Balasubramanian et al. [7], The researcher attributed this 

increase in resistance to the small size of the pozzolan polymer 

particles that fill the voids, as well as the pozzolanic reaction 

of the pozzolanic polymer inside the concrete. However, 

future researchers can clearly pay attention to the type of glass 

used in its chemical composition. Also, researcher [14] 

concluded that increasing the curing period to 56 and 90 days 

led to an increase in the replacement rate by 30%. Although he 

took into account the use of different rates of W/C when using 

GP with a size of less than 90 micrometres, as the angular 

surface of the GP absorbs the reaction water, the study [15] 

came up with different results from the two previous studies. 

 

553



 

 
 

Figure 16. Bending and tensile split strength 

 

 
(a) 

 

 
(b) 

 

Figure 17. Flexural (a) and split tensile strength (b) 

 

 
 

Figure 18. Splitting tensile strength 

 
 

Figure 19. Tensile strength after replacing cement with GP 

150 micrometers 

 

 
 

Figure 20. Tensile strength after replacing sand with glass 

powder, size 4.75mm 

 

Despite using the same rates of replacing cement with GP, 

he found that the TS and FS were low until the curing period 

reached 112 days, which was the optimal rate for replacement. 

20%, and did not give clear results for this contradiction from 

previous studies, but he did not focus on the effect of the 

angular surface area of the GP, which may have a major role 

in this failure. This previous conclusion was supported by the 

results of the study [20], as he used the same percentages as 

previous studies, but he used GP with a size of less than <0.075 

mm and treated the samples for only 28 days, unlike previous 

studies, which led to the optimal percentage being 5%, as the 

researcher did not care about increasing the treatment period 

due to the effect of the surface area of the GP on the absorption 

of W/C. When replacing sand with GP, Tanwar et al. [40] 

found that the resistance increased by 56% when replacing 

only 5% at 28-day curing, while the other percentages 

decreased when the replacement percentage increased. Future 

researchers can consider increasing the duration of concrete 

curing, especially since he used a 150-micrometre GP, as other 

researchers did. As for Arivalagan and Sethuraman [13], they 

were interested in proving that the duration of curing has a 

positive effect and that the longer the curing period, the greater 

the resistance, but they did not consider the effect of pozzolan 

interaction, the effect of GP size, and the effect of W/C. The 

study by Muhedin and Ibrahim [22] supported the conclusion 

of the previous study. 
 
 

5. LIMITATIONS AND FUTURE WORK 
 

Despite the valuable insights garnered from this review, the 

current body of literature exhibits certain methodological and 

reporting limitations that hinder a comprehensive 

understanding and the practical implementation of GP in 

554



 

concrete. A prevalent issue is the inconsistent reporting of 

detailed experimental procedures in some studies, including 

precise curing environments (temperature, relative humidity) 

and the specific testing standards (e.g., ASTM vs. ISO) applied 

for mechanical property evaluations. This lack of meticulous 

documentation can compromise the reproducibility of results 

and complicate direct, quantitative comparisons across 

different research groups. 

Furthermore, a significant limitation encountered during 

this review was the inconsistent presentation of data in some 

graphical representations. Specifically, several figures (e.g., 

Figures 8-20) lacked error bars or explicit statistical 

significance indicators, which inherently restricts a precise 

quantitative comparison and assessment of data variability. 

While this review synthesizes qualitative and quantitative 

trends, the absence of such elements affects the overall 

reliability and interpretability of findings from the original 

sources. We have addressed the clarity of our presented figures 

by ensuring all axes are clearly labeled with appropriate units, 

and all abbreviations in tables and figures are defined in the 

Nomenclature section. 

Crucially, while current research extensively investigates 

the immediate mechanical properties of concrete containing 

GP, a significant gap remains in the comprehensive 

assessment of its long-term durability. A thorough 

understanding of GP-modified concrete's performance under 

various aggressive environmental conditions (e.g., freeze-

thaw cycles, sulfate attack, chloride ingress, exposure to 

extreme temperatures) is largely unexplored. This omission 

significantly limits its widespread practical applicability and 

confident implementation in diverse structural applications. 

Therefore, future research should prioritize addressing these 

identified limitations by: 

➢ Conducting systematic studies that integrate multiple 

variables (GP fineness, replacement ratio, W/C ratio, 

glass type, curing time) in a controlled manner to 

fully map their complex interactions and provide 

holistic performance data. 

➢ Implementing rigorous long-term durability tests 

under diverse environmental exposures to establish 

reliable performance data over the service life of 

structures, enabling more confident prediction of in-

situ behavior. 

➢ Ensuring meticulous documentation of all 

experimental parameters and strict adherence to 

international testing standards to enhance 

reproducibility and data comparability across the 

field, facilitating accurate meta-analyses. 

➢ Further investigating the specific chemical 

compositions of different waste glass types and their 

direct impact on the pozzolanic reaction and ASR 

mitigation, moving towards a more tailored 

application of GP. 

By focusing on these critical areas, future research can 

develop more precise guidelines for optimizing GP utilization, 

promoting significantly higher rates of glass waste recycling 

in concrete, and fostering truly sustainable construction 

practices globally. 

 

 

6. CONCLUSION 

 

This study systematically reviewed factors influencing the 

performance of concrete when GP is incorporated as a partial 

replacement for cement or sand. Key findings indicate that 

increasing the replacement percentage of cement or sand 

generally enhances CS, TS, and FS, with an optimal 

replacement typically observed around 20. Replacing cement 

with GP consistently yielded better results than replacing sand 

with GP. The water-to-cement (W/C) ratio significantly 

influences concrete resilience; an increase in the W/C ratio 

may be necessary at higher replacement percentages due to the 

high surface area of GP particles and their water absorption 

capacity. 

Finer GP (ideally less than 2.36mm) demonstrably 

improved CS, TS, and FS by promoting a more effective 

pozzolanic reaction, where substantial quantities of SiO2 and 

Al2O3 react with Ca(OH)2 to generate C-S-H and C-A-H gels, 

filling voids and enhancing resistance. However, excessively 

fine GP can lead to cracks and weakening of the concrete's 

resistance. Concrete containing GP benefits from extended 

curing times, with notable strength gains observed after 28 

days and further improvements with longer durations. The 

type of GP also affects concrete density; using uncontaminated 

recycled glass (e.g., soda-lime glass) generally leads to a 

decrease in density as replacement percentage increases due to 

GP's lower specific gravity compared to cement and sand. 

Effective recycling processes that minimize contaminants 

(colors, paint) are crucial to ensure optimal pozzolanic 

reactions. 
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NOMENCLATURE 

CS Compressive Strength 

TS Split Tensile Strength 

FS Flexural Strength 

GP Glass Powder 

W/C Water-to-Cement Ratio 

RGS Recycled Glass Sand 

ASR Alkali-Silica Reaction 

ITZ Interfacial Transition Zone 

C-S-H Calcium-Silicate-Hydrate 

C-A-H Calcium-Aluminate-Hydrate 

CRT Cathode Ray Tube 

EPA Environmental Protection Agency 

MPa Megapascals 

μm Micrometer 

mm Millimeter 

kg/m3 Kilograms Per Cubic Meter 

g/cm3 Grams Per Cubic Centimeter 
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