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Abstract- In present scenario the cost of construction is increasing very rapidly, along with this pollution and 

degradation of nature is also increasing so in this project waste material i.e. (waste glass) is used to produce concrete by 

partial replacement of natural coarse aggregate by waste glass which not saves the cost of construction but also save 

our nature from degradation  In this project the fresh and hardened properties of concrete are studied with partial 

replacement as 0% 5%, 10%, 15% &20% of natural coarse aggregate by waste glass of size (4.75 mm to 20mm), well 

graded is used in M 25 grade of concrete and mechanical properties like compressive strength, flexural strength and 

split cylinder tensile test along with this some durability test were also checked on same grade of concrete. 

Keywords: M 25, natural coarse aggregate, waste glass, compressive strength, flexural strength, split tensile test, well graded  

I. INTRODUCTION 

In present scenario climate change and environmental 

pressures are major international issues nowadays. This is 

the time when governments, businesses and consumers 

have to respond through environmentally friendly and 

aware practices, policies & products. This is the appropriate 

time to develop alternative sustainable construction 

materials, reduce greenhouse gas emissions, save energy, 

look forward for practicing renewable energy sources and 

recycled materials, and reduce waste generation. The 

exercise of waste glass in concrete producing is significant 

due to its engineering, financial, environmental and 

ecological benefits [7]. As we know that Concrete industry 

is one of the largest users of natural resources due to which 

long term existence of concrete industry is under problem. 

The financial and environmental concern is the major 

objection concrete industry facing right now. In this project, 

the issues of financial and environmental concern are 

addressed by the use of waste glass as partial replacement 

of coarse aggregates in concrete. Thus, exercise of waste 

materials such as waste glass in concrete production is very 

much helpful to reach the target of the environmental 

friendly construction. Therefore, this study intends to use 

waste glass in concrete production with replacing coarse 

aggregates by waste glass as 10%, 20% and 30% by weight 

for M-20 mix [9]. The concrete specimens are tested for 

compressive strength and tensile strength at 7 and 28 days 

of age along with some durability test and the results 

obtained were compared with those of normal concrete. 

This comparative study results in permissibility of using 

waste glass as partial replacement of coarse aggregates up 

to 10% by weight of coarse aggregate for particle size of 

range 5-20mm glass can be recycled and can be used for 

concrete production in place of natural coarse aggregate.   

Recent investigation has shown that concrete made with 

recycled glass aggregate are competent to provide better 

long-term strength, stability and better thermal insulation 

due to its better thermal properties of the glass aggregate. 

The use of recycled glass as aggregate had also greatly 

influenced the weight of concrete. Glass is a strange inert 

material that could be recycled many times without altering 

its chemical properties. 

These glasses are collected and then broken into small 

pieces which pass through 20mm sieve and retained on 

4.75mm. The glass water absorption value is nearly zero 

and is concerned to the strength of concrete. The main aim 

of the project is to produce economic, sustainable and 

environmental friendly concrete. This waste glass may open 

a new way for cheap, environmental friendly and 

sustainable concrete for construction to achieve the desired 

strength concrete. 

1.1. Objective of work 

Coarse aggregates are replaced by waste glass as 5%, 10%, 

15% and 20% by weight for M-25 mix. The concrete 

specimens are tested for compressive strength and tensile 

strength at 7 and 28 days of age and the results obtained 

were compared with those of normal concrete. This 

comparative study will results in permissibility of using 

waste glass as partial replacement of coarse aggregates up 
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to certain % of glass by weight for particle size of range 

(4.75-20) mm. 

The objective of this study is to achieve an acceptable 

compressive strength of concrete with waste glass as coarse 

aggregate and to figure out the optimum mix which 

provides the maximum compressive strength. 

II. DETAILS OF THE EXPERIMENTAL SETUP 

WITH PROCEDURE 

In this chapter the tests which has been done for this project 

has been discussed. There are several tests conducted for 

testing the properties of concrete. Properties of concrete 

depend upon its constituents. Hence properties of individual 

constituent were also studied. The concrete used in the 

present investigation as per IS 10262:2009 & IS 456:2000 

Code. 

 

2.1 Details of the materials and testing 

Details of the materials used in this project work are 

mentioned with their sources and properties are: 

 

       Table 1: Details of material used with their sources 

  Name of the  

material 

Source of the materials 

Cement PSC manufactured byACC Cement 

Fine aggregate  Obtained from Barkar River, Jharkhand 

Coarse 

aggregate 

Obtained from Baliyapur, Jharkhand 

Waste glass (as 

coarse 

aggregates) 

Scrapyard  from 

saharpura,Sindri,Jharkhand 

. 

A. Cement 

Various type of cement is available in the market but 

Selection of type of cement depends on type of application, 

environment condition and that satisfied the strength and 

durability of concrete. The cement used in the concrete was 

Portland slag cement with trade name ACC CEMENT. 

Physical properties of the cement have been obtained from 

the tests carried out in the laboratory of B.I.T. Sindri as per 

specification laid down in IS: 455-1989. The chemical 

properties of cement have been obtained from IS 455:1989. 

The properties of cement have been mentioned in the table 2   

Table 02: Physical properties of cement 

Parameter Test results Standard 

limit(IS:455)  

Fineness 3% residue on 

90µ IS sieve 

Max 10% 

Normal consistency 32%           - 

Specific gravity 3.05        3.15 

Initial setting time 90 minutes     > 30 min. 

Final setting time 295minutes     <600 min 

Soundness of cement 3 mm     <10 mm 

Compressive strength in (Mpa) 

7 days 24.85          > 22 

28 days 33.25           >33 

 

B. Fine aggregate 

The fine aggregate used for the experimental work was 

locally available and conformed to grading zone II as per 

BIS (IS: 383-1970). The detail of physical properties of fine 

aggregate is mentioned in table 3. 

Table 3: Physical properties of fine aggregate 

Test Test result of NFA 

Zone II 

Fineness modulus 2.56 

Moisture content 0.4% 

Specific gravity 2.56 

Water absorption 1.2% 

 

C. Natural coarse aggregate 

The Natural coarse aggregate having the nominal size 20 

mm was used in the present work. The aggregate was tested 

for gradation then it was washed to remove dust& dirt and 

was dried to surface-dry condition to ensure the water 

cement ratio is not influenced. Test sieves conforming to  

(IS 383:1970 Specification). The detail of physical 

properties of natural coarse aggregate is mentioned in table 

4.       

Table 4: Physical properties of coarse aggregate4 

Properties Test result of NCA 

Moisture  content 0% 

Water absorption 0.4% 

Specific gravity 2.69 

Fineness modulus 7.0 

Crushing value 29.23% 

Impact value 19.16% 

 

D. Waste glass        

The waste glasses are collected locally from scrapyard and 

broken into sizes comparable to coarse aggregate and 

gradation test is conducted as natural coarse aggregate as 

per code IS 383:1970. The properties of waste glass tested 

in laboratory which is mentioned in the table  5. 

 
Fig 01: waste glass 
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Table 5: Physical properties of waste glasses 

Test Result 

Specific gravity 2.6 

Water absorption 0% 

Crushing value 32.47% 

Impact value 21.24% 

 

2.2 Proportioning material for M25 grade of concrete 

mix 

The experimental investigation consisted of making M25 

concrete was designed as per IS 10262:2009 and the mix 

proportions which are decided on the basis of slump test 

and compressive strength are mentioned in below table 6. 

 

Table 6: Mix design selection 

Mi

x 

 

W/C 

Ratio 

Cement 

(Kg/m³) 

F.A. 

(Kg/m³) 

  C.A. 

(Kg/m³) 

M1 0.48 399.125 661.6    1124.88 

M2 0.49 390.98 668.05   1133.21 

M3 0.50 383.16 676.5   1141.85 

From above mix, M2 is selected for the economical point of 

view and to obtained desire strength. 

 

Table 7: Details of Mix Proportions for waste glass in 

(kg/m
3
) 

WG 

in 

(%) 

Cement 

kg) 

FA  

(kg) 

CA (kg) WG 

(kg) 

W-C 

ratio 

      

  0% 

    

390.98 

    

668.05 

  

1133.2 

     

   0 

     

  0.49 

      

  5% 

 

390.98 

   

 668.05 

  

1076.5 

    

56.66 

    

  0.49 

       

 10% 

 

390.98 

    

668.05 

 

 1019.9 

   

113.3 

    

  0.49 

       

  15% 

 

390.98 

    

668.05 

   

963.21 

     

 170 

    

  0.49 

      

  20% 

 

390.98 

  

 668.05 

    

866.57 

    

226.6 

   

  0.49 

 

III. RESULTS AND DISCUSSION 

3.1 Properties of Concrete 

There are two states of concrete  

❖ Fresh concrete  

❖ Hardened concrete 

3.1.1 Properties of fresh concrete 

A. Workability 

The properties of fresh concrete assessed by workability in 

terms of slump value. The slump value specified by IS 

7320:1974 is used to measure the slump value of fresh 

concrete. The slump cone was placed on a smooth surface 

and filled with concrete in 3 layers and compacted each 

layer uniformly by 25 no. blows with 16mm diameter 

tamping rod and top surface are struck by means of rolling 

motion of tempering rod. The Mould was lifted slowly 

without shaking and slump value is the difference between 

height of Mould and that of height point of specimen. 

Fig.02: Slump test of fresh concrete 

 
               Fig 02: Slump vs. % weight of WG in concrete 

 

3.1.2 Properties of hardened concrete 

A. Compressive strength test 

The compressive strength test was conducted on 150 mm 

mould size cube at 7 and 28 days. Three cubes of specimen 

where tested for is curing period of 7 days and 28 days. 

Total 6 specimens were tested for compressive strength of 

each mix. The test results were presented and discussed in 

the tabular form and the compressive strength was 

computed by using following formula. 

Compressive strength, (σ) = P/A 

Where P = ultimate compressive load on concrete in (N) 

            A= surface area of cube in mm²  

Table 08: Compressive strength vs. % wt. of WG as CA 

% of WG   W/C 

ratio 

7 Days 

Compressive 

strength 

(N/mm
2
) 

28 Days 

Compressive 

strength 

(N/mm
2
) 

     0% 0.49 20.20 31.85 

     5% 0.49 24.51 33.75 

    10% 0.49 23.11 31.87 

    15% 0.49 20.14 28.45 

    20% 0.49 18.18 26.47 
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  Fig 03: Compressive strength vs. % wt. of WG as CA 

B. Flexural strength test 

IS 516-1959 (Method of testing concrete) 

The Flexural strength test was done as per guideline given 

in the code IS 516-1959 on cuboid shape of concrete beam 

having dimensions 100X100X500 mm after 7 and 28 days 

of curing using flexural testing machine having capacity of 

500 KN. The specimen was supported on two rollers spaced 

at 400mm Centre to Centre after leaving 50mm from each 

end.  After that loading was applied on the specimen at a 

rate of 0.7N/mm2 per minute through the two-similar rule 

mounted at a third point of the span till the failure occurs. 

The flexural strength is expressed as modulus of rupture 

and was calculated using the given formula.  

Flexural strength, Fcr = PL/bd² 

 Where, P = maximum load (KN) 

L= span length of beam (400 mm)    

Table 09: Flexural strength vs % wt. of WG as CA 

% of WG 

as CA  

7 Days flexural 

strength in (Mpa) 

28 Days flexural 

strength in (Mpa) 

         0%              4.20               7.06 

        5%              4.32               7.46 

        10%              4.10               6.67 

        15%              3.70               5.86 

        20%              3.40               4.26 

 

 
       Fig 04: Flexural strength vs. % wt. of WG as CA 

 

C. Split cylinder tensile tests 

IS 516-1959 (Method of testing of concrete) 

The split tensile strength was determined at 7 and 28 days 

after curing the cylinder specimen of diameter 150 mm and 

length of cylinder 300 mm and keeping the temperature of 

27° for 24 hours from the time of addition of water to the 

dry ingredients using compression testing machine of 

capacity having 1000 KN at the loading rate of 1.2N/mm2 

to 2.4N/mm2 throughout the test in the laboratory. 

Six specimens of each mix were prepared and their average 

value was calculated at 7 days and 28 days for calculating 

split tensile strength using the formula as mentioned here. 

Split tensile strength = 2P/πDL 

Where, P= direct load (KN) 

 D= diameter of cylinder 

 L= length of cylinder specimen (300 mm) 

 

        Table 10: Split tensile test vs %wt. of WG as CA 

% of WG as 

CA 

 7 days tensile 

strength in(Mpa) 

28 days tensile  

strength in (Mpa) 

        0%            3.60              4.81 

        5%            3.81              4.95 

       10%            3.42              4.60 

       15%            3.00              4.20 

       20%            2.80               3.62 

 

 
     Fig 5: Split tensile strength vs % wt. of WG as CA 

 

D. Durability test of concrete 

Durability of Concrete against Weather Attack 

One of the main causes of deterioration in concrete 

structures is the corrosion of concrete due to its exposure in 

environment where concrete has to face lots of variation in 

weather like rainfall, sunlight, unevenness heat coming to 

it, wetting and dry, some chemicals also present in rainfall, 

etc. these all factors comes under weather attack which 

becomes quite important for its design life. So basically, I 

had checked the resistance of the concrete against weather 

attack which comes under durability test of concrete by 

making the cubes concrete made with different partial 

replacement of coarse aggregate by waste glass of M -25 

grade and curing for definite period of time, kept openly for 
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exposure to weather for some definite period. After specific 

period of curing and exposure it tested for compressive 

strength and results were compared to normal concrete 

keeping all parameter same except weather exposure which 

were discussed as follows: 

All the basic physical and chemical properties of 

ingredients (cements, fine aggregate, coarse aggregate, 

waste glass, and water) used in this durability test remains 

same as discussed earlier. 

There were total 60 cubes of size 150X150X150mm of 

design mix 25 grade of concrete prepared with 0% 

,5%,10%,15%,20% partial replacement of coarse aggregate 

by waste glass as discussed in earlier section. After that all 

60 cubes were immersed in water for a period of 7 days and 

28 days of curing. After 7 days of curing, 30 cubes were 

taken out from which 15 cubes were exposes to weather for 

7 days and another 15 cubes were unexposed to weather i.e. 

kept in room for same period. Similarly, after 28 days of 

curing, 30 cubes were taken out from which 15 cubes were 

exposed to weather and another 15 cubes were unexposed 

i.e. kept in room for the same period. Finally, after 7 days 

and 28 days of exposure, both exposed and non-exposed to 

weather cubes were tested by compression testing machine 

for compressive strength and results were compared.                                                                                             

Table 11: Comp. str. of exposed and non-exposed 

concrete vs % of WG 

% of 

waste 

glass in 

M25  

Comp. 

strength of 7 

days curing 

+ 7 days 

exposure to 

weather 

Comp. 

strength of 

7 days 

curing + 7 

days non- 

exposure 

to weather 

Comp. 

strength of 

28 days 

curing + 28 

days   

exposure 

to weather 

Comp. 

strength of 

28 days 

curing + 28 

days non- 

exposure 

to weather 

        0%           23.88           25.89            

30.11 

          32.10 

        5%               

25.67 

          27.50            

31.22 

          33.89 

      10%                          

24.67 

          26.22           30.22           32.00 

      15%           23.33           24.44           26.00           28.87 

      20%           21.56           22.45            

24.11 

          26.89 

          

The above table showing the comparative compressive 

strength of concrete cubes between the exposed cubes and 

non-exposed cubes to weather at 7 days and 28 days under 

compression testing machine. 

 

 
Fig 06: Comp. str. against weather attacks vs. % of WG 
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The above graph shows the variation of compressive 

strength of exposed and non-exposed cubes at different % 

weight of waste glass as coarse aggregate in check in 

durability test against weather exposure. 

 

IV. CONCLUSIONS 

Based on the experimental investigation the following 

conclusions may be drawn. Slump value of concrete 

increases with increase in partial replacement of coarse 

aggregate with waste glasses from 0% to 20%.Concrete 

acquires maximum compressive strength at 5% of partial 

replacement of coarse aggregate with waste glasses. 

Compressive strength of concrete is comparable to normal 

concrete up to 10% of partial replacement of coarse 

aggregate with waste glasses. Flexural strength of concrete 

increases slightly from normal concrete at 5% of waste 

glass mix in concrete. Split tensile test of concrete also 

increased at 5% of waste glass mix as compared to normal 

concrete. Resistance of concrete against weather attack after 

7 days & 28 days in weather exposure after 7 days and 28 

days of curing starts marginally decreasing but gives 

maximum strength at 5% of waste glass mix as compare to 

other mix in compression test. Waste glasses doesn’t absorb 

water so it is expected that same mix will provide better 

strength in low water cement ratio. Above results shows 

that waste glasses can be use as alternative ingredient 

alternative to natural coarse aggregate in normal concrete. 

 

V. FUTURE SCOPE 

The following aspect may be considered for further 

Studies: - 

● As compressive strength of concrete starts 

decreasing after 15% of partial replacement of 

coarse aggregate with waste glasses so by adding 

suitable strength improving ad-mixture, we can 

replace more coarse aggregate to get desired 

compressive strength. 

● Durability is one of the important aspects in 

concrete structure; hence this may be studied in 

wider view regarding this project. 

● Another emphasis shall be given for using waste 

glasses in other form such as fine aggregate 

replacement in  normal concrete by powdered 

form of waste glasses. 
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