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Abstract 
 

The cement and glass industries are causing high amounts of greenhouse gas emissions and the use of intensive 

energy and natural resources. The natural resources of glass are sand, and for cement are limestone. 130 million 

tons of glass are produced yearly, with only 21% being recycled; the rest ends up in landfills. Recycling one ton 

of glass saves around 385,000 tons of CO2 emissions. Incorporating glass powder with cement in the production 

of concrete improves the pozzolanic activity. This study also examines the chloride penetration, rate of absorption, 

and tensile strength of concrete of cementitious materials treated with glass powder. Fifteen percent (15%) of waste 

glass powder (WGP) was utilized as a substitute for cement in the concrete mixtures. Glass powder concrete (GPC) 

has a slightly greater tensile strength than regular concrete. The durability features were the capacity to withstand 

chloride, the amount of water it could absorb, and how deeply it would penetrate. Based on the results of this 

research, cementitious materials treated with waste glass powder exhibit enhanced chloride penetration and 

absorption rate after 28, 56, and 250 days of water curing, respectively. The research found that discarded glass 

powder might be used as a cementitious ingredient in concrete manufacturing, helping reduce glass waste and the 

sector's carbon impact. 

Keywords: Waste glass powder, Pozzolanic Activity, Tensile Strength, Rapid Chloride Penetration, Rate of 

Absorption.  

1 Introduction 

The cement industry is acknowledged as a significant contributor to global warming and is among those that cannot 

be overlooked without repercussions(Schwarz et al., 2008). Water, with an estimated yearly consumption of about 

30 million tons, is the only substance used globally more widely than concrete(Khan et al., 2023). Concrete is the 

second most often employed material. If systematic and extensive studies evaluating the performance of concretes 

including such elements exist, the initiatives to integrate non-traditional materials, often sourced locally or 

regionally, would get a significant enhancement(Semmana et al., 2025). Experiments will be conducted to evaluate 

the efficacy of these materials. The disposal of hazardous solid waste in landfills has led to several economic 

disasters. These wastes are contagious, combustible, chemically reactive, incendiary, and corrosive in nature. A 

diverse array of hazardous solid wastes exists(Sakale et al., 2016). Many organizations worldwide have a 

challenging job with the disposal of waste items. In 2018, about 21 percent of the glass produced was recycled, 

despite the global export of over 130 million tons of glass(Zhu et al., 2023). Waste glass powder (WGP) is a 

material with the potential for use in concrete making and other construction applications owing to its key 

properties. Its pozzolanic activity is a crucial attribute since it facilitates the reaction with calcium hydroxide (CH) 

in cement, yielding chemicals that enhance the concrete's strength(Olutoge, 2016).Due to its inert nature, glass 

may be recycled and reused several times without altering its chemical makeup. This enables glass to be recycled 

and repurposed. Landfilling glass is not an ecologically viable solution, since glass is not biodegradable(Mathur 

& Chhipa, 2023).WGP has the capacity to enhance some aspects of concrete's durability, including its resistance 

against chemical attacks. Research indicates that it may also enhance chloride penetration and water absorption 

rates over time, thereby jeopardizing the material's long-term durability, especially under extreme climatic 

conditions. Moreover, the hue of waste glass powder, often white or off-white, may augment the visual appeal of 

concrete, benefiting applications that need color consistency(Su & Xu, 2023)(Singh Shekhawat & Aggarwal, 

2007). 

Concrete is the most extensively used building material worldwide, but its manufacture substantially adds to CO₂ 

emissions owing to the elevated clinker concentration in Portland cement(Benhelal et al., 2013)(Barcelo et al., 

2014)(Rathna Kumar, 2023). To enhance sustainability, Supplementary Cementitious Materials (SCMs) such as 

waste glass powder (WGP) are used(Barbhuiya et al., 2025)(Kara et al., 2014). Waste glass has a remarkable 

property, which is pozzolanic activity, and it is used as a substitute for cement in concrete mixtures, therefore 

reducing environmental effects and enhancing certain mechanical and durability characteristics. 

Table 1. Material properties of Coarse Aggregate, Fine Aggregate, Cement, and Glass Powder. 
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Materials Materials Properties Unit Value 

Coarse Aggregate Specific Gravity - 2.72 

Absorption % 0.8 

Unit Weight kg/m3 1550 

Fine Aggregate Absorption % 2.6 

Specific Gravity kg/m3 2.53 

Fineness Modulus - 2.78 

Unit Weight kg/m3 1610 

Cement Specific Gravity - 3.22 

Final Setting Time min 270 

Fineness cm2/g 3230 

Glass Powder Fineness cm2/g 1940 

The mix proportion was used for this study as 1:1.5:3 by weight. The glass powder is treated as the cementitious 

material for this investigation. The chemical composition of the glass powder is presented in Table 2.  

Table 2. Chemical properties of glass powder and cement. 

Composition % Cement Glass powder 

SiO2 19.25 72.09 

Al2O3 6.12 2.17 

Fe2O3 3.52 0.24 

CaO 61.75 10.41 

MgO 1.90 0.72 

SO3 2.48 - 

Na2O3 0.15 13.73 

K2O 0.44 0.17 

TiO2 .32 0.1 

Cr2O3 - 0.01 

 

2 Methodology 

2.1 Tensile Strength 
The formula for calculating tensile strength involves dividing the maximum load or force experienced by the 
material before breaking by its original cross-sectional area(Syarif et al., 2018)(Toutanji et al., 1999)(Singh et al., 
2015)(Chen et al., 2013). Computing the splitting tensile strength of the specimens as follows: 

Tensile Strength, T = 
2×Ultimate Load (in N)

π×Specimen length (in mm)×Diameter(in mm)
                   (1) 

Before determining tensile strength, wet samples must be dried for 7, 28, and 56 days after being taken out of the 

water. Wiping the surface of the specimen dry is essential for preserving its integrity. Compression testing 

machines (CTMs) need precise calibration(Kuhinek et al., 2011). After recording the breaking load (P), the 

specimen's tensile strength may be calculated using the formula in Eq.(1). 

 
Figure 1. Tensile strength test of concrete 

2.2  Absorption Test 

The absorption rate is increased to make concrete more resistant to harsh environmental conditions, including high 

humidity, rainfall, and high chloride and sulphate levels(S.O., 2016)(Zeyad, 2024)(Bahmani & Mostafaei, 

2025)(Obododike Ekwuno & Author, 2025). The capacity of reinforced concrete to withstand water penetration is 
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one indicator of the construction's long-term resilience. The slope of the line shown against the square root of time, 

from one minute to six hours, represents the initial absorption rate. Conversely, the slope of the line shown against 

the square root of time, from 1 day to 7 days, indicates the secondary absorption rate. 

Absorption at the initial stage: 

I = Si √t + b (Measurements taken up to 6 hours are utilized.)                   (2) 

 

Absorption at the secondary stage: 

I = Ss √t + b (Measurements taken after the first day are utilized)             (3) 

Where, 

I = The rate of absorption 

Si = Slope of the initial absorption curve 

Ss = Slope of the secondary absorption curve 

t = Square root of recorded time 

 
Figure 2. Rate of Absorption Test 

2.3 Rapid Chloride Penetration Test 

The RCPT has profoundly influenced concrete research and development, leading to the creation of many 

technique modifications for improved assessment of diverse concrete kinds(Rathna Kumar, 2023)(Bassuoni et al., 

2006). The total charge passed through the sample is quantified using the following Eq. 4. Finally, those data will 

be utilized to categorize the penetrability of the material comparing the parameters outlined in ASTM C 1202. 

Total charge passed (in “coulombs”), 

Q=900 (I0+2I30+2I60 +2I90+2I120+2I150+2I180+2I210+2I240+2I270+2I300+2I330+2I360)             (4) 

where: 

I0 - current in amperes right after the application of voltage and 

It - current in amperes at t min after the voltage is applied. 

 

 
Figure 3. Rapid Chloride Penetration Test 

 

3 Results and Discussion 

 

3.1 Tensile Strength 

The tensile strength of concrete with a 15% cement replacement with waste glass powder (WGP) specimen and 

control specimen at 28, 56, and 250 days of curing age is shown in Figure 3.3. At 28, 56, and 250 days of curing 

age, the controlled specimen showed a tensile strength of 11.8 MPa, 12.1 MPa, and 14.8 MPa respectively while 

the WGP-modified specimen showed a tensile strength slightly higher than the control sample of 11.9 MPa and 

12.3 MPa at 28 and 56 days of curing age respectively. At 250 days of the curing period, the tensile strength of the 
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WGP-modified concrete specimen was 13.7 MPa, slightly lower than the 14.8 MPa in the control. Using 15% 

WGP as a partial cement replacement yields comparable tensile strength to conventional concrete increased by 

0.85% and 1.65% at 28 and 56 days of curing age, while it decreased by 7.43% at the curing age of 250 days. This 

minor increase suggests that WGP has no negative impact on tensile strength where the incorporation of glass 

powder enhanced early strength due to its pozzolanic activity[13]. On the other hand, another experiment shows 

that the split tensile strength test results are 9% and 7.6% respectively from the 50:15:35 and 50:20:30 combined 

mix ratio. 

 
Figure 4.  Tensile Strength of GPC compared to conventional concrete. 

 

3.2 Rate of Absorption Test 

The linear regression study's coefficients of determination (R²) vary from 0.94 to 0.992 for concrete without WGP 

(0% WGP) and from 0.9063 to 0.978 for concrete with 15% WGP. The first water absorption rate for the 0% WGP 

concrete is 1×10⁻⁴ mm/s½, demonstrating a robust correlation (r=0.996), surpassing the 0.98 criterion. 

Nonetheless, the secondary rate of water absorption remains indeterminate since the correlation coefficient, r=0.97, 

falls short of 0.98. Correspondingly, the concrete containing 15% WGP has a greater initial absorption rate of 

4×10⁻⁴ mm/s½, with r=0.989, so satisfying the 0.98 threshold. Like the 0% WGP concrete, the secondary 

absorption rate remains indeterminate since the r-value is 0.952, which is below 0.98. The results demonstrate that 

WGP concrete has a somewhat elevated absorption rate relative to standard concrete. Compared to the values of 

typical concrete mixes, the water absorption values of the concrete mixes that came before were much greater. 

 

 
Figure 5.  Rate of absorption test of GPC compared to conventional concrete 

 

3.3 Rapid Chloride Penetration Test 

Figure 6 illustrates the depth at which a specimen, subjected to typical temperatures, had fast chloride penetration 

testing. At curing durations of 28, 56, and 250 days, the charge transmitted through the control specimen was 

recorded as 4450 coulombs, 4100 coulombs, and 1200 coulombs, respectively. In contrast, the specimen containing 

15% WGP exhibited charges of 4275 coulombs, 3750 coulombs, and 600 coulombs at identical intervals. The 

experiment indicates that the coefficient of variance for RCPT outcomes across all age groups remained below 

30%, with particularly low variability after 28 days. Furthermore, whereas RCPT values rise between 56 and 90 
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days, the permeability and durability of the concrete diminish over time. The control specimens showed higher 

charge passages at 28 and 56 days than those with WGP, indicating early improvement in chloride ion resistance. 

The reductions of 3.8% at 28 days and 8.6% at 56 days demonstrate WGP's effectiveness in enhancing concrete's 

microstructure and reducing permeability. The difference in charge passage becomes more pronounced at 250 

days, where the WGP-modified specimen shows a significant reduction of approximately 48.5% compared to the 

control specimen. The long-term benefits of using WGP are evident in this significant enhancement of chloride 

ion resistance.  

 
Figure 6.  Charge passed through GPC in comparison to conventional concrete. 

4 Conclusions 

Concrete, a globally used construction material, requires ordinary Portland cement (OPC) for its production. This 

cement contributes significantly to the release of substantial amounts of carbon dioxide (CO2) and other greenhouse 

gases. This study aims to enhance pozzolanic activity and mitigate environmental impacts, specifically the 

significant greenhouse gas emissions linked to the cement and glass industries, by exploring the feasibility of 

utilizing waste glass powder (WGP) as a cement substitute in concrete production. The incorporation of 15% WGP 

into concrete effectively enhances tensile strength while simultaneously reducing environmental impacts, 

particularly by diminishing glass waste in landfills and lowering carbon emissions from cement production. This 

study's results indicate that cementitious materials treated with waste glass powder have heightened chloride 

penetration and absorption rates after 28, 56, and 250 days of water curing, respectively. These findings enhance 

the understanding of the impact that WG has on the properties and performance of concrete, offering essential 

insights for the advancement of sustainable building materials. Discarded glass powder may serve as a cementitious 

component in concrete production, aiding in the reduction of glass waste and the industry's carbon footprint.  
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