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Abstract  
Glass bottle waste takes a million years to decompose. Recycling is the best option to solve this problem. One 

alternative is to use recycled glass in the form of powder as a material for making concrete. This study proposes 

the use of recycled glass powder as a concrete material to partially substitute fine aggregate. This study aims to 

determine the effect of glass powder as a partial substitute for fine aggregate on the compressive strength of 

concrete. Partial substitution of fine aggregate was selected with a percentage of 5%, 10%, and 15%. Standard 

cylindrical specimens aged 28 days used in compressive strength testing in this study. Then, the test results of 

concrete containing recycled glass powder compared to ordinary concrete. The test results show that the 

compressive strength of concrete containing 15% recycled glass powder gives an average compressive strength of 

35.57 MPa which is slightly higher than the compressive strength of normal concrete of 35.10 MPa. This study 

found that the use of glass powder as a substitute for fine aggregate can be used as a substitute for normal concrete 

in terms of compressive strength and reduce glass waste. 
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1.​ Introduction  

There is a lot of glass in various forms such as glass bottles, glass jars, and mirrors that become waste that is simply 

thrown away without further use. Based on the National Waste Management Information System of Indonesia Ministry of 

Environment, the amount of glass waste in 2021 was 71 million tons or 2.34% of total amount of waste [1]. This is a sizeable 

amount and is a particular concern for sustainable management of glass waste.  

Glass is also a combination of various inorganic oxides that cannot be decomposed, resulting from the composition, and 

smelting of alkaline and alkaline earth compounds. Glass powder has chemical compounds such as SiO2, Al2O3, Fe2O3 and 

CaO which have the potential to be used as a partly substitute for cement and are expected to increase to the compressive 

strength of concrete because the grains are small and can fill the pores in the concrete where SiO2 is a binder and CaO is a 

reinforcement that can strengthen the concrete mixture.  

As a partially substitute for cement, several studies have reported the use of glass powder as a partial substitute for 

cement in reactive powder concrete to obtain high-strength concrete mechanical properties such as compressive strength and 

split tensile strength [2], [3], [4]. The studies show the use of glass powder to smaller than 0.15 mm size with the content as 

much as 20% of cement mass produces a compressive strength of 102~180 MPa. In several other studies, the use of glass 

powder as a partial replacement of cement was carried out on normal concrete [5], [6], [7]. 

In this study, glass powder of recycled glass bottles was used as a filler for pores in the normal concrete [8], [9]. For this 

purpose, glass powder is used as a partial substitute for fine aggregate with a percentage of 5%, 10%, and 15%. As a 
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substitute for fine aggregate, the glass powder used passed the No. 30 sieve with a grain size smaller than 0.600 mm opening 

size. The objective of this study is to investigate the effect of recycled glass powder as partly substitute of fine aggregate on 

the compressive strength of normal concrete. In addition, this study is motivated by the environment concern of using local 

waste in the form of glass powder of recycled glass bottle as a substitute for fine aggregates material in normal concrete. 

2.​ Material and Method 

This study aims to determine the effect of glass powder as a partial substitute for fine aggregate on the compressive 

strength of concrete. Partial substitution of fine aggregate was selected with a percentage of 5%, 10%, and 15%. Standard 

cylindrical specimens aged 28 days used in compressive strength testing in this study [10]. Then, the test results of concrete 

containing recycled glass powder compared to ordinary concrete. The study methodology is shown in Fig. 1.
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        ​ The main study materials for concrete glass powder formation are cement, water, coarse aggregates, fine aggregates, 

and glass powder which are described in this section. A brief description of the materials used is as follows [11], [12], 

cement uses Portland Pozzolan Cement type I (PPC) as a binder of the concrete mixture, the coarse aggregate is crushed 

stone with a maximum diameter of 40 mm (Fig. 2), the fine aggregate used is aggregate with Fineness FM modulus = 2.95% 

(Fig. 3). Before use, fine aggregate will be tested in the form of inspection of specific gravity and absorption, mud levels, 

aggregate gradation, and aggregate moisture. The glass powder used is from waste glass bottles which are grinding until the 

particle size passes the No. 30 sieve with an opening of 0.600 mm (Fig. 4). 

Concrete with a percentage of glass powder 5% (GPC 5%), 10% (GPC 10%), and 15% (GPC 15%) as a substitute for 

fine aggregate will be compared with normal concrete (NC) in terms of compressive strength. The number of concrete 

samples is 12 samples in 28 days of age (each variation of concrete has 3 samples). The mix design of the glass powder 

concrete and normal concrete can be seen in Table 1. The concrete specimens used in this study are cylinders with a diameter 

Ø = 150 mm and height h = 300 mm (Fig. 5), for determining the compressive strength [10]. For the curing of the specimens, 

the water curing method is used by immersing it in water (Fig. 6). Then, the compressive strength test setup is showed in Fig. 

7. 

Table 1 Mix design of the glass powder concrete and normal concrete  

Concrete 
types 

Volume 
(m3) 

Composition Materials 

Cement 
(kg) 

Fine Aggregate Coarse 
Aggregat

e (kg) 

Water 
(kg) Sand 

(kg) 
Glass 

Powder (kg) 

NC 0.0175 
         

7.019  
100% 

- 17.313 2.942 
9.317 

GPC 5% 0.0175 
         

7.019  
95% 5% 

17.313 2.942 
8.851 0.466 

GPC 10% 0.0175 
         

7.019  
90% 10% 

17.313 2.942 
8.385 0.932 

GPC 15% 0.0175 
         

7.019  
85% 15% 

17.313 2.942 
7.919 1.398 

Total      28.076  34.47 2.80 69.25 11.77 
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Fig. 2 Coarse aggregate Fig. 3 Fine aggregate 

 
Fig. 4 Glass powder 

 

   

Fig. 5 Cylindrical mould, size of  
150 mm × 300 mm  

Fig. 6 Water curing 
 

Fig. 7 Compressive strength test 

3.​ Results and Discussion 

All slump heights in normal concrete mix and glass powder concrete in this study have an average value of 7~8.5 cm 

and this is in accordance with the design target of 6~18 cm (Fig. 8). The test results of compressive strength (f'c) on the glass 

powder concrete and normal concrete specimens are shown in Table 2. From the data in Table 2, the compressive strength (

) of these two types of concrete specimens is almost the same. The average compressive strength of glass powder concrete 𝑓
𝑐
'

reaches the highest value of 35.57 MPa for the concrete with glass powder of 15% (GPC 15%), which is 1.34% higher than 

normal concrete. This value indicates that it can be rationally accepted as an alternative material to normal concrete. 
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Fig. 8 Slump height of the glass powder concrete and normal concrete 

 

Table 2 Testing results of the compressive test 

Concrete 
type 

Cylinder 
specimen  

Ø × h (mm) 

𝑓
𝑐  
'

average 
(MPa) 

NC 150 × 300 35.10 
GPC 5% 150 × 300 35.01 
GPC 10% 150 × 300 35.10 
GPC 15% 150 × 300 35.57 

 

 

Partial substitution of fine aggregate in the percentage of 15% with glass powder with the slightly higher of 

compressive strength than normal concrete indicated that the use of glass powder as a substitute for fine aggregate can be 

used as a substitute for normal concrete in terms of compressive strength. 

4.​ Conclusions 

This study has presented the compressive strength testing of the glass powder concrete with partial substitution of fine 

aggregate of 5%, 10%, and 15%, compared to normal concrete. According to the results, the following conclusions can be 

obtained. The average compressive strength of glass powder concrete with glass powder of 15% (GPC 15%) indicates the 

highest compressive strength of 35.57 MPa. It is 1.34% higher compared to normal concrete (NC). This compressive 

strength value indicates that the glass powder concrete with glass powder content of 15% can be rationally accepted as an 

alternative material to normal concrete and is environmentally friendly to reduce glass bottle waste. 

References 

[1]​SIPSN, “Waste Composition in Indonesia,” National Waste Management Information System (SIPSN) of the Ministry 
of Environment, Indonesia, 2021. (In Indonesian) https://sipsn.menlhk.go.id/sipsn/public/data/komposisi 

[2]​W. Kushartomo, I. Bali, and B. Sulaiman, “Mechanical Behavior of Reactive Powder Concrete with Glass Powder 
Substitute,” Procedia Engineering, vol. 125, pp. 617-622, 2015.  

[3]​ I. Bali, W. Kushartomo, and Jonathan, “Effect of In-Situ Curing on Compressive Strength of Reactive Powder 
Concrete,” MATEC Web of Conferences, vol. 67 (03013), pp. 1-6, 2016. 

[4]​ I. Bali and W. Kurnia,"The Curing Method Influence on Mechanical Behavior of Reactive Powder Concrete," 
International Journal on Advanced Science, Engineering and Information Technology, vol. 8, no. 5, pp. 1976-1983, 
2018. [Online]. Available: http://dx.doi.org/10.18517/ijaseit.8.5.4197. 



13 
PRESUNIVE Civil Engineering Journal, vol. x, no. x, April 20xx, pp. xx-xx 

 

[5]​N. Hanafiah, Pengaruh Penambahan Bubuk Kaca Sebagai Bahan Pengganti Sebagian Semen Dengan Variasi 2%, 4%, 
6% dan 8% Terhadap Kuat Tekan dan Nilai Slump, Teknik Sipil Universitas Muhammadiyah Yogyakarta, Yogyakarta, 
2011.  

[6]​S. Irfan, Analisis Ketahanan Beton Terhadap Rendaman Sulfat Terhadap Kuat Tekan dengan Variasi Bubuk Kaca 
Subtitusi Sebagian Semen, Fakultas Teknik Universitas Muhammadiyah Sumatera Utara, Medan, 2020. 

[7]​H. Karwur, “Kuat Tekan beton dengan Bahan Tambah Serbuk Kaca sebagai Subtitusi Partial Semen,” Jurnal Sipil 
Statistik, vol.1, no.4, 2013. 

[8]​SNI 03-2495-1991, Spesifikasi Bahan Tambahan untuk Beton, Bandung: Yayasan Lembaga Penyelidikan Masalah 
Bangunan, 1991. 

[9]​SNI 2847-2013, Persyaratan Beton Struktural untuk Bangunan Gedung, Jakarta: Badan Standardisasi Nasional, 2013. 
[10]​ASTM C-39, Test Method for Compressive Strength of Cylindrical Concrete Specimens. USA: Annual Books of 

ASTM, 1993. 
[11]​SNI 03-2834-2000, Tata Cara Pembuatan Rencana Campuran Beton normal, Jakarta: Badan Standardisasi Nasional, 

BSN, 2000. 
[12]​SK. SNI S-04-1989-F, Spesifikasi Bahan Bangunan Bagian A (Bahan Bangunan Bukan logam), Bandung: Lembaga 

Penyelidikan Masalah Bangunan, 1989. 
 


