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Abstract 

The study that is reported in this paper was carried out to study the effects of glass sand on the 

properties of concrete and determine the optimum amount of waste glass aggregate that can 

effectively replace fine aggregate in cement concrete. The objectives of the study were to 

prepare concrete specimens containing various amounts of glass sand as partial replacement for 

fine aggregate and to determine the properties of fresh and hardened concrete specimens so 

produced. It was found that glass sand does not have significant effect on the workability of 

concrete. The density of concrete containing glass sand was slightly lower than the density of 

normal concrete by a factor of 1-2%. The presence of glass sand did not alter the established 

strength-time relation of concrete. The strength of concrete containing glass sand increased 

progressively with curing time. Glass sand had significant effect on the strength of concrete. A 

plot of concrete strength and glass sand content was a parabola curving downward. The peak 

strength, obtained at 10% glass sand content, was 1.2 times the target strength of 25 N/mm2. 

The study concluded that the optimum amount of glass sand that can effectively substitute river 

sand in grade C25 concrete is 16% of the proportion of fine aggregate in the concrete. For plain 

concrete, glass sand alone can be used as fine aggregate. It was recommended that 

supplementary cementitious materials should be incorporated in the concrete to suppress the 

deleterious alkali-silica reaction that may take place when glass concrete is exposed to moisture. 
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1. INTRODUCTION 

Post-consumer waste glass –which is generated after glass products are used and discarded by 

consumers– may result from a variety of sources, including municipal solid waste, industrial 

waste, construction and demolition waste, end-of-life vehicles, and waste from electric and 

electronics equipment [1]. Waste glass constitutes a significant chunk of municipal solid waste. 

A World Bank report written by Kaza et al. [2] revealed that the world generates about 2.01 

Billion tons of municipal solid waste annually, 5% of which is waste glass. This means that the 

world generates about 100 Million tons of waste glass annually. In the year 2107, the USA was 

reported to have generated 11.4 Million tons of waste glass, representing 4.2% of all municipal 

solid waste that year [3]. In the UK, the Department of Environment, Food and Rural Affairs 

(DEFRA) [4] reported that the UK generated 2.4 Million tons of waste glass in the year 2017. 

It is stated in a publication of the German Federal Ministry of the Environment, Nature 

Conservation and Nuclear Safety [5] that 2.5 Million tons of waste glass was recovered from 

German household waste in 2015. Lu and Poon [6] reported that 100,000 tons of waste glass 

are generated in Hong Kong annually. 

There have been concerted efforts in the developed world over the years to recover waste glass 

and use it as a raw material for making new glass containers, since doing so is the most 

environmentally friendly option. Yet, statistics on waste glass recycling rates available globally 

indicate that even the developed world throws away a significant chunk of the waste glass it 

generates, with the developing countries throwing away almost all of it. For instance, China 

recycles only 20% of the glass waste they generate [7]. In the USA, only 33% of waste glass 

gets recycled, the rest ends up in landfills [8]. The UK, on the other hand, was reported to have 

recycled as much as 67.6% of their waste glass in the year 2017[4]. European countries have 

been generally reported to be leading the world in waste glass recycling. The American 

Chemical Society [8] reported that, on average, 90% of waste glass is recycled in several 

European countries. But it is mainly container glass that gets recycled this much. Recycling rate 

for flat glass has been reported to be as low as 11% [7]. This is because flat glass and other 

forms of non-container waste glass are not suitable for glassmaking. 

The rate of reuse of recycled glass for making new glass products has been so low because of 

the difficulties and disadvantages associated with its recycling process, such as lack of recovery 

facilities in many locations, high processing cost, poor quality of recycled glass due to presence 

of impurities [6, 7, 9-13]. For these reasons, a significant chunk of waste glass gets thrown 

away. Considering that glass is non-biodegradable, continuous accumulation of waste glass 
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entails increased demand for landfill space; hence the need to find alternative ways of reusing 

waste glass in order to stop it from ending up in dumpsites. 

Large-scale utilization of waste glass in concrete works can stop the continuous accumulation 

of waste glass and, in turn, help reduce the demand on landfill space for disposing waste glass. 

Waste glass has been used as aggregate and as a supplementary cementitious material in 

concrete. When crushed to sand-like particles, similar to natural sand, waste glass exhibits 

properties of an aggregate material [6, 14]. This knowledge has prompted the use of waste glass 

in construction as an aggregate substitute in asphalt and cement concretes and as road base or 

fill material [9, 14] as well as for the production of concrete products such as masonry blocks, 

paving stones, and decorative architectural mortars [10, 14-16]. Research pertaining to the use 

of waste glass as concrete ingredient has been encouraged by the threat posed by continuous 

accumulation of waste glass and the realization that large-scale utilization of waste glass in 

concrete works will help prevent the dumping of waste glass. 

Several investigators have reported success in using crushed waste glass to replace fine 

aggregate in concrete. However, there is no consensus on the amount of waste glass aggregate 

that can be added to replace fine aggregate to produce concrete with optimum performance. 

The study that is reported in this paper was carried out to study the effects of waste glass 

aggregate content on the properties of concrete and determine the optimum amount of waste 

glass aggregate that can effectively replace fine aggregate in cement concrete. The objectives 

of the study were to prepare concrete specimens containing various amounts of crushed waste 

glass as partial replacement for fine aggregate and to determine the properties of fresh and 

hardened concrete specimens so produced. 

The significance of this study is that it contributes to encouraging large-scale utilization of 

waste glass as aggregate in concrete which will go a long way in reducing pressure on natural 

sand deposits as well as in mitigating the problem of glass waste disposal that is faced by 

municipalities across the globe. 

2. REVIEW OF LITERATURE 

Processed crushed waste glass is referred to as cullet. Waste glass that is crushed to sand-like 

particles intended for use as fine aggregate in concrete has been referred to by various sources 

as waste glass fine aggregate, or simply as glass sand. Waste glass aggregate has been used to 

replace both fine and coarse aggregates partially or wholly. In other applications, powdered 

waste glass has been used as a supplementary cementitious material to partially replace cement. 
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Results of investigations in all these applications have generally returned waste glass aggregate 

as a promising alternative concrete ingredient. The properties of concrete containing glass sand 

as fine aggregate – such as slump, density, water absorption, compressive strength, etc - have 

been studied and reported by several researchers. However, the trend of the variation of these 

properties with the content of glass sand in the concrete reported by various investigators lacks 

consistency. For instance, Rabnawaz et al. [17] and Rajagopalan et al. [18] reported that the 

slump of concrete containing glass sand increased with the amount of glass sand in the concrete, 

while Olofinnade et al. [19] reported a contrary finding that slump values decreased with 

increase in glass sand content. The decrease in slump was attributed to the angular geometry of 

the particles of waste glass, which reduced the fluidity of the concrete mixture. Otunyo and 

Okechukwu [20] found that concrete slump increased as glass sand content was increased up to 

a replacement level of 35%; further increase in glass sand content beyond 35% resulted to 

reduction in the concrete slump. However, Hongjian and Kiang [21] and Gerges et al. [22] 

reported that there was no clear change or trend on the concrete slump values due to addition 

of glass sand. This was attributed to the shape and the impervious nature of glass particles. The 

investigators explained that “although the sharper edge and more angular shape of glass sand 

would reduce the slump of concrete, its impermeable smooth surface may also cause poor 

cohesion with cement paste. These two opposing actions would simultaneously result in non-

prominent change in slump” [21]. 

Concerning the compressive strength of concrete containing glass sand, these investigators 

again recommended different dosages of glass sand to be incorporated into concrete to achieve 

optimum compressive strength. Hongjian and Kiang [21] postulated that glass sand can be 

incorporated into concrete as fine aggregate up to 100% replacement ratio without any harmful 

effect on the concrete. This finding was corroborated by Gerges et al. [22]. However, Otunyo 

and Okechukwu [20] found that the compressive strength of concrete increased with the amount 

of glass sand up to 15% replacement level, beyond which the compressive strength reduced 

with further increase in glass sand content. Olofinnade et al. [19] reported a similar trend but 

observed a reduction in compressive strength only when glass sand was increased beyond 50% 

replacement ratio; they observed that while the strengths at 25% and 50% replacement ratios 

were both higher than that of the reference concrete, 25% glass sand replacement ratio produced 

the highest strength. In a similar investigation, Gautam et al. [23] found that glass sand content 

beyond 20% resulted to a decrease in compressive strength; they recommended 10% as the 

optimum replacement ratio for glass sand as fine aggregate. 
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Notwithstanding the beneficial effects of glass aggregate on concrete properties, its use in 

concrete is also problematic. The problem derives from the phenomenon of alkali-silica reaction 

(ASR) which occurs in concrete mixtures containing glass aggregates [9, 24]. Investigators 

found that when glass aggregate are present in a concrete mixture the silica in glass aggregate 

reacts with the alkali in cement creating a gel that swells in the presence of moisture, thereby 

causing the concrete to deteriorate in the long run. However, there are a number of measures 

which can be employed to suppress the harmful effect of ASR, such measures include using 

low-alkali Portland cement, incorporating supplementary cementitious materials such as fly 

ash, pulverized fuel ash, silica fume, slag, metakaolin and glass powder [11, 25, 26]. These 

measures are recommended when glass aggregate are to be incorporate in a concrete. 

3 MATERIALS AND METHODS 

3.1 Materials 

Cement 

Portland limestone cement (Grade 42.5, manufactured by the Nigerian Dangote Cement 

Industry) was used as binder material. It was bought from the open market. 

Crushed granite 

Crushed granite was used as coarse aggregate. Maximum aggregate size was 10 mm. The 

granite gravel had a specific gravity of 2.91. The aggregate impact value was 28%, which is 

well within the limiting values on mechanical properties of aggregates specified by BS 882 [27] 

for certain types of concretes. 

River sand 

River sand was used as fine aggregate. It was sourced from River Benue, which is the only 

source of natural sand for concrete works in the region. The specific gravity of the river sand 

was 2.76. The grading curve of the sand is presented in Fig. 1. 

Glass sand  

Glass sand was produced by crushing pieces of waste glass to sand-like particles. Waste glass 

was collected from workshops of glass-window makers in Makurdi metropolis. Flat glass is 

routinely used for window panels in Nigeria. There is hardly any building in Nigeria that does 

not have glass windows. For this reason, glass-window making is a flourishing trade in Nigeria. 

Glass-window makers’ workshops are common and are scatted all over every town and city in 

Nigeria. Cutting glass sheets to size in the course of making windows usually gives rise to a lot 

of off-cuts, which are usually discarded as waste, most often indiscriminately. It was these off-
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cuts that were collected as waste glass and used for this study. The off-cuts were washed, dried 

in the air and crushed manually. The resulting pieces of glass were passed through a set of BS 

sieves with apertures ranging from 5 mm to 75 µm, as recommended by BS 882 [27]. Glass 

particles that passed through the 5 mm sieve and retained on the 75 µm sieve were collected as 

glass sand. The glass sand so produced had a specific gravity of 2.56. Its grading curve is 

presented in Fig. 1, which indicates that the river sand and glass sand have similar gradation. 

 
Figure 1. Grading curves of river sand glass sand 

 

3.2 Concrete Mixture proportions 

Concrete specimens were produced using a mix ratio of 1:2:4 (by volume) and water-cement 

ratio of 0.5. The expected concrete characteristic strength was 25 N/mm2. Seven different 

concrete mixtures were produced. The amount of cement, coarse aggregate and water were kept 

constant for all the mixtures. However, the fine aggregate (river sand) was replaced with glass 

sand at 5%, 10%, 15%, 20%, 30% and 40%, by mass of total fine aggregate content. Another 

mixture was produced with 100% river sand as fine aggregate to serve as the reference concrete. 

The different mix ratios of the constituent materials are presented in Table 1. 

3.3 Fresh and Hardened Concrete Tests 

Slump test 

Slump test was carried out on fresh concrete specimens containing different amounts of glass 

sand to determine the effect of glass sand on the workability of concrete. The test was carried 

out in accordance with the provisions of BS 1881 Part 102 [28]. 
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The compressive strength test was carried out on hardened concrete containing different 

amounts of glass sand to determine the effect of glass sand on the compressive strength of 

concrete. A total of Sixty Three (63) test cubes were prepared, nine (9) for every blend of river 

sand and glass sand. The test cubes were cured and tested at 7, 14, and 28 days. The compressive 

strength test was performed in accordance with the provisions of BS 1881 Part 116 [29]. The 

batch quantities for a set of Nine (9) test cubes are presented in Table 3. 

 

Table 1. Batch Quantities for a set of 9 test cubes (in kg) 

Specimen Number 1 2 3 4 5 6 7 

Cement 14.4 14.4 14.4 14.4 14.4 14.4 14.4 

Coarse Aggregate 53 53 53 53 53 53 53 

River Sand 25.2 23.9 22.7 21.4 20.2 17.6 15.1 

Glass Sand 0 1.3 2.5 3.8 5.0 7.6 10.1 

Water 7.2 7.2 7.2 7.2 7.2 7.2 7.2 

 

4. RESULTS AND DISCUSSION 

4.1 Effect of Glass Sand on Workability 

Slump test was carried out on concrete specimens containing different amounts of glass sand 

in order to study the effect of the presence of glass sand on the workability of concrete. Fig. 2 

shows the variation of slump with glass sand content. The difference between the slump of the 

reference concrete and the slumps of concrete specimens containing glass sand ranged from±1 

to±3 mm. The variation in slump was insignificant and did not follow any trend. This shows 

that glass sand has no effect on the workability of concrete. 

 

 
Figure 2. Variation of slump with glass sand content 
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Figure 3. Variation of density of concrete with glass sand content 

 

Workability of concrete is affected by the shape, texture and water-absorption characteristics 

of the aggregate. Domone [30] postulated that fresh concrete loses workability if mix water is 

absorbed by aggregate. Another factor that can cause concrete to lose workability is the 

presence of crushed aggregates with irregular angular shapes and rough surfaces [31-32]. It is 

evident, therefore, that the properties of glass sand have the effect of producing two opposing 

actions on the workability of concrete: the non-absorbent nature of glass has the effect of 

improving workability, while the irregular angular shape of glass particles has the effect of 

reducing workability. Mix water that was initially absorbed by the river sand was spared upon 

the incorporation of glass sand; this left the concrete wetter and hence more workable. However, 

the gain in workability produced by the rounded and smooth-textured river sand was diminished 

upon the incorporation of glass sand, which has more surface area and offered increased 

frictional resistance and hence loss of workability as a result of reduced fluidity of concrete 

mixture. These two opposing actions offered by glass sand on workability explain why the 

presence of glass sand in the concrete did not cause any significant change in the workability 

of the concrete. 

4.3 Effect of Glass Sand on Density 

It was observed from the density test that the presence of glass sand reduced the density of the 

concrete slightly. As it can be seen in Fig. 3, density decreased progressively with increase in 
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reduction in density can be attributed to the fact that glass sand has a specific gravity (2.56) that 

is slightly less than that of river sand (2.76). 
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4.2 Effect of Glass Sand on Compressive Strength 

Fig. 4 shows the variation of compressive strength with curing time, while Fig. 5 shows the 

variation of compressive strength with glass sand content. The strength of concrete containing 

glass sand increased progressively with curing time, with the highest strength obtained at 28 

days for every replacement ratio. While the 28th day strength of the reference concrete (without 

glass sand) was 1.2 times the 7th day strength, the 28th day strengths of all the concretes 

containing glass sand were greater than their corresponding 7th day strength by an average factor 

of 1.3. This shows that glass sand has no significant effect on the already established strength-

time relation of concrete. 

 

Figure 4. Gain of strength with time in concretes with different glass sand content 
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silicate hydrate (C-S-H), which contributes to the strength and volume stability of cement 

concrete. The strength loss that was observed at higher contents of glass sand can be attributed 

to the increased voids in the concrete. Olofinnade et al. [19] examined the microstructure of 

concrete containing glass sand using scanning electron microscope and found that the volume 

of voids in the concrete increased with increase in the content of glass sand. 

 

Figure 5. Variation of compressive strength with glass sand content 

5. CONCLUSIONS 

Waste glass constitutes a significant chunk of municipal solid waste globally. The world 

generates about a hundred million tons of waste glass annually. Most of the waste glass 

generated globally gets discarded in landfills because of the problems associated with its 
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ii. Glass sand does not have significant effect on the workability of concrete. The variations in 

the slumps of concrete specimens containing different amounts of glass sand were negligible 

and did not follow any trend. 

iii. Glass sand has negligible effect on the density of concrete. The density of concrete 

containing glass sand was slightly lower than the density of normal concrete by a factor of 

1-2%. 

iv. Glass sand has no significant effect on the already established strength-time relation of 

concrete. The strength of concrete containing glass sand increased progressively with curing 

time, with the highest strength obtained at 28 days for every replacement ratio.  

v. Glass sand has significant effect on the strength of concrete. A plot of concrete strength and 

glass sand content was a parabola curving downward. The peak strength, obtained at 10% 

glass sand content, was 1.2 times the target strength of 25 N/m2.  

vi. The optimum amount of glass sand that can effectively substitute river sand in grade C25 

concrete is 16% of the proportion of fine aggregate in the concrete. 

vii. For plain concrete, glass sand alone can be used as fine aggregate. 

 

Recommendations 

Waste glass can be processed into sand-like particles and used as fine aggregate in concrete. 

However, supplementary cementitious materials should be incorporated to suppress the 

deleterious alkali-silica reaction that is likely to occur when glass concrete is exposed to 

moisture. 
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