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Abstract: The problem of waste generation has rapidly become a serious issue of concern for many scholars. This study takes 

the problem of waste that is generated from construction fields, such as demolished concrete, glass and aims to reuse the 

construction and demolition debris for use as aggregates in construction purpose. Study involving reuse of demolition waste like 

demolished concrete, glass as partial replacement of coarse and fine aggregate up to 20% was performed before. But in those 

studies, either coarse aggregate is replaced with demolition waste or fine aggregate was replaced with glass. This study attempts 

to fully replace coarse aggregate with demolished concrete and crushed glass as partial replacement of fine aggregate to a content 

of 20, 25 and 30%, respectively. The main findings of this investigation revealed that using glass in lieu of sand at 30% 

replacement as fine aggregate gives maximum compressive strength which is significantly greater than M35 (35 MPa) grade 

concrete and nearing M40 (40 MPa) to M45 (45MPa) grade concrete, which indicates the suitability of use in various 

constructions. It also revealed that with increasing quantity of glass the corresponding strength increase doesn’t occur linearly, 

but the rate of increase gradually slows down with increasing of the amount of glass in the concrete samples. 
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1. Introduction 

As the number of constructions of various concrete 

structures is increasing, so is the quantity of demolition waste. 

Demolition waste includes concrete glass, metal and other 

wastes. These demolished concrete and glass wastes may still 

be used as an alternate raw material for various kinds of 

construction. This study attempts to cover the viability of use 

as such an alternative source of raw material for construction 

of concrete structures. Recycling concrete as aggregate offers 

a solution to the problems encountered with the quarrying of 

natural aggregates and the disposal of old concrete. As these 

substitutes require extensive studies about their effect on the 

properties of concrete, a number of Research studies were 

performed namely, Wilson (1993) studied the effect of the 

irregular surface of the crushed concrete properties of the 

concrete mixes [17]. The use of plastic materials and glass in a 

number of civil engineering applications has been investigated 

through a large number of research studies. These have been 

conducted to examine the possibility of using plastics and 

glass powder in various civil engineering projects in the 

construction field [18-20]. Sustainability of waste glass for 

use in road construction aggregate, asphalt paving, concrete 

aggregate, and many other applications were researched in the 

studies such as [18]. Ahmad Shayan (1999, 2002) studied the 

use of waste glass aggregates in concrete [20, 21]. The use 

recycled aggregates saves natural resources and dumping 

spaces, and helps to maintain a clean environment. The 
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current study concentrates on these waste materials, especially 

glass waste and building construction waste to be used as 

substitutes for conventional materials in ordinary cement 

concrete (OPC) mixes. This will be demonstrated through 

experimental laboratory tests, using fine glass to substitute a 

certain percentage of fine aggregates (sand), whilst using 

crushed brick concrete to substitute a full percentage of course 

aggregates in OPC concrete. Here this investigation will cover 

the viability of use of concrete demolition as a full 

replacement for coarse aggregate and also the effectiveness of 

using glass as a partial replacement for sand as fine aggregate. 

2. Materials and Methods 

2.1. Materials 

The construct materials used in this test are cement, sand, 

coarse aggregate and crushed glass power. Normal top water 

was used for soaking and curing purposes. 

It is essential to know about the strength of cement, the 

physical properties of sand, coarse aggregates and glass 

powder. 

To achieve the objective of present investigation, extensive 

and comprehensive experimental program has been planned. 

The entire investigation has classified into various phases of 

work for through and systematic approach. 

In the first phase, the physical and material properties of 

sand, crushed glass powder, cement, sand and aggregate from 

demolished concrete were determined and recorded. The 

second phase of the phase was the casting and preparing of the 

mold. The third phase of the mold was curing the mold for 7 

and 28 days for several sets of cylindrical concrete samples. 

The fourth and final phase was the testing of the mold with the 

Universal Testing Machine of capacity. 

All the tests and investigations were conducted in the 

Strength of material laboratory of Rajshahi University of 

Engineering & Technology (RUET), Rajshahi. 

2.2. Experimental Investigation 

i. The concrete mix was prepared by talking the 

proportion of cement, fine aggregate and coarse 

aggregate in a ratio of 1:1.5:3 respectively. 

ii. The water cement ratio (w/c) was assumed to be 1:4 

iii. 9 cylindrical molds each of 3-inch diameter and 6-inch 

height and every three having the same percentage of 

glass powder were to be prepared and cured for 28 days. 

2.3. Preparation of Specimen 

i. Initially the waste glass was crushed into glass powder 

by hammer up to a size finer than 0.85 mm. 

ii. Sand, glass and khoa or coarse aggregate were screened 

by sieve according to requirements. 

iii. Concrete constituents (cement, sand, glass powder and 

coarse aggregate) were measured separately by weight 

according to the required proportion. 

iv. The percentage of replacing fine aggregates with glass 

varied from 20% to 30% each applied in an individual 

concrete mix. The proportion of the mix was shown in 

the table. The recycled aggregates were produced by 

crushing the old concrete cubes and cylinders used and 

discarded from previous laboratory tests. 

v. The crushed concrete was then screened using the sieve 

analysis method. 

vi. The quantity of fine particles used was measured for 

each specimen. 

3. Results and Discussion 

3.1. Figure (Gradation Curve of Glass) 

Figure 1 below shows the gradation curve of the glass 

particles used in the test. The variation of the size of glass 

particles in the concrete mix can be identified from this curve. 

 

Figure 1. Gradation Curve (Glass). 

3.2. Table (Amount of Materials Used in Each Sample) 

Table 1. Proportion of Coarse And Fine Aggregates In Concrete Mix. 

Specimen no 9.51mm (10% of total retained) in Kg 12.7mm (35% of total retained) in Kg 19mm (55% of total retained) in Kg 

1 0.13 0.46 0.72 

2 0.13 0.46 0.72 

3 0.13 0.46 0.72 

Table 2. Full Replacement of Aggregate (1.3 Kg) Per Specimen. 

Percentage of glass% Sand (Kg) Glass (kg) Coarse aggregate (Kg) 

20 0.57 0.23 1.3 

25 0.55 0.29 1.3 

30 0.51 0.35 1.3 
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The percentage of sand, glass and coarse aggregate used in 

the concrete samples are given in the table 1 above. The 

aggregate gives structure to the concrete. Which allows it to 

form a solid rigid uniform block. 

Table 2 above shows the variation of aggregate sizes and 

their content in each concrete sample. Variation of both coarse 

and fine aggregate sizes allows for the elimination of voids in 

the concrete block samples. 
Table 3. Amount of Materials Used Per Specimen. 

SL no 
Cement (Kg) Sand (Kg) Glass (Kg) Aggregate (Kg) Water (Kg) 

 0.6 mm 0.3 mm 0.15 mm 0.6 mm 0.3 mm 0.15 mm 19 mm 12.7 mm 9.51 mm 0.4x 0.4 

1 0.41 0.1995 0.285 0.09 0.069 0.1035 0.0575 0.72 0.46 0.13 0.164 

2 0.41 0.1995 0.285 0.09 0.069 0.1035 0.0575 0.73 0.46 0.13 0.164 

3 0.41 0.1925 0.275 0.0825 0.087 0.1305 0.0725 0.73 0.46 0.13 0.164 

4 0.41 0.1925 0.275 0.0825 0.087 0.1305 0.0725 0.73 0.46 0.13 0.164 

5 0.41 0.1785 0.255 0.0765 0.105 0.1575 0.0875 0.73 0.46 0.13 0.164 

6 0.41 0.1785 0.255 0.0765 0.105 0.1575 0.0875 0.73 0.46 0.13 0.164 

Total 2.46 1.41 1.63 0.498 0.522 0.783 0.435 4.38 2.76 0.78 0.984 

 

The total amount of glass, cement, aggregate, sand and 

water used per specimen is given in table 3. It also shows the 

type of sieving used to get the desired materials for the test. 

The data from table 3 gives optimum amount of optimum 

amount of material for each concrete mix. In practice the 

water content might be varied slightly to increase 

workability and improve the uniformity of the mix. Which 

helps in the improvement of the strength of the concrete 

samples. 

3.3. Table (Compression Test Results) 

Compression testing of the cylindrical specimens was 

carried out in Universal Testing Machine of capacity 3000kN. 

The cylinders were weighed and load was applied without any 

shock. A set of three concrete cylinders were tested for each of 

the mix for their compressive strengths at 28 days of curing. 

The ultimate load at which specimen failed was noted down 

for each specimen. The ratio of the crushing loads to the 

surface area of the cylinders gives the ultimate strength of the 

corresponding concrete cylinder. 

Tables 4 and 5 represent that the compressive strength of 

all concrete mixes increased with the increase of curing age. 

The load carrying capacity increases with increase in curing 

time. 

Table 4. Compressive Strength of Specimen For 7 Days of Curing. 

Glass content Specimen no Load at failure (kN) Coarse aggregate (Kg) Ultimate Compressive strength (MPa) 

20% 1 105.2 23.15 20% 
25% 2 114.4 25.22 25% 
30% 3 125.6 27.69 30% 

Table 5. Compressive Strength of Specimen For 28 Days of Curing. 

Glass content Specimen no Load at failure (kN) Ultimate Compressive strength (MPa) Mean 

20% 

1 159.8 35.25 

35.23 2 155.6 34.31 

3 162.4 35.61 

25% 

4 172.3 37.98 

37.90 5 166.2 36.64 

6 178.3 39.09 

30% 

7 179.1 39.48 

39.18 8 181.5 40.01 

9 184.5 40.46 

 

3.4. Figure (Compressive Strength Charts for 7-day 

Curing) 

Figure 2 shows the variation of compressive strength for 

7- day curing. It is observed that, the higher the percentage of 

glass powder in concrete, the higher the compressive 

strength. 

The load vs time graph obtained for compression test 

for 7-day curing is shown in the figure 3. These graphs 

give the Ultimate compressive strength of the cylindrical 

specimens. 
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Figure 2. Ultimate compressive strength for (7-day curing). 

 

Figure 3. Load vs time curve from Universal testing machine (7-day curing). 

3.5. Figure (Compressive Strength Charts for 28-day 

Curing) 

Figure 4 shows the variation of ultimate compressive strength 

of the concrete specimens containing 20% glass particles. 

Figure 5 shows the maximum load at failure for the 

specimen with 25% glass particle mixed with sand. 

Figure 6 gives the maximum load at failure for the 

specimen with 30% glass particle mixed with sand. 

It is evident 

Figure 7 shows the load vs time is obtained from the 

compression test machine. The specimen used for this test 

was cured for 28 days. The point of failure is determined by 

the point at which the curve starts to descend instead of 

ascending. 

 

Figure 4. Ultimate compressive strength for 28-day curing (20% glass).  

 

Figure 5. Ultimate compressive strength for 28-day curing (25% glass). 

 

Figure 6. Ultimate compressive strength for 28-day curing. 
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Figure 7. Load vs time curve from compression test machine (28- day curing). 

The graph in figure 9 shows the variation of ultimate as fine 

aggregate for 28-day curing. It is determined from the graph 

data that the ultimate compressive strength of the concrete 

specimen increases significantly as the percentage of glass is 

increased in the concrete mix. It also seen that the rate of 

increase in compressive strength while going from 20% to 25% 

glass content is greater than that of 25% to 30% glass content. 

It seems that the rate of compressive strength gain starts to 

slow down steadily after 25% sand replacement with glass. 

3.6. Figure (Ultimate Compressive Strength Curves) 

The graph in figure 8 shows the variation of ultimate 

compressive strength with the increase of percentage of glass 

as fine aggregate for 7-day curing. It is evident from the graph 

data that the ultimate compressive strength of the concrete 

specimen increases steadily as the percentage of glass is 

increased in the concrete mix. strength due to addition of glass 

is more apparent in specimen with 28-day curing time. 

 

Figure 8. Variation of ultimate compressive strength with respect to glass 

percentage for 7-day curing. 

 

Figure 9. Variation of ultimate compressive strength with respect to glass 

percentage for 28-day curing. 

4. Conclusion 

The experiment carried out primarily designed to primarily 

designed to provide an indication of relative advantages and 

disadvantages of the use of a number of construction and 

demolition wastes. This would provide as an overview of the 

probable reuse of construction and demolition waste materials 

in the construction of rigid pavements. 

Based on the test results and physical observations, the 

following conclusions can be drawn: 

With the increase of crushed glass powder in concrete mix, 

the compressive strength of concrete increases. 

The Ultimate compressive strength values are greater than 

M35 grade concrete (35 MPa) and 30% replacement of sand 

with glass nears M40 grade (40 MPa) concrete. 

The rate of increase of compressive strength starts to slow 

down after reaching a glass content of 25%. Waste concrete 

aggregate and glass fine aggregate is suitable for use in 

concrete. 

5. Recommendations 

The conclusion statements that can be made for future 

research in this field of similar specimen as used in the scope 

of this study are equating the concrete strength. 

The increase of the surface area of the recycled crushed 

concrete, due to its irregular shape, necessitates an increase of 

cement and water. 

The strength of concrete mixes was improved by partial 

replacement of fine aggregates with fine crushed glass 

aggregates, but the high alkali content of such aggregates 

would affect the long-term durability and strength, which will 

need long term investigation. 
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Using window glass may affect the long-term durability due 

to Alkali-silica reaction (ASR). Using glass from green bottles 

may be a topic for future study as the existence of chromium 

oxide in green bottles may mitigate Alkali-silica reaction 

(ASR). 
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