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ABSTRACT- Glass is used in many forms in day-to-day 

life. It has limited life span and after use it is either stock 

piled or sent to landfills. Since glass is non-

biodegradable, landfills do not provide an environment 

friendly solution. Hence, there is strong need to utilize 

waste glasses. 

Many efforts have been made to use waste glass in 

concrete industry as a replacement of coarse aggregate, 

fine aggregate and cement. Its performance as a coarse 

aggregate replacement has been found to be non-

satisfactory because of strength regression and expansion 

due to alkali-silica reaction. The research shows that 

there is strength loss due to fine aggregate substitution 

also. 

The aim of the present work was to use glass powder as a 

replacement of cement to assess the pozzolanic activity of 

glass powder in concrete . 

A series of tests were conducted to study the effect of 30% 

replacement of cement by glass powder on compressive 

strength and durability in the form of capillary 

absorption. The particle size effect was evaluated by using 

glass powder of size 150μm-100μm and glass powder of 

size less than 100μm. 

The present study shows that waste glass, if ground finer 

than 100μm shows a pozzolanic behavior. It reacts with 

lime at early stage of hydration forming extra CSH gel  

 

 

Thereby forming denser cement matrix. The early 

consumption of alkalis by glass particles mitigate alkali-

silica reaction hence increase durability of concrete. 

1. INTRODUCTION 

Concrete is a blend of cement, sand, coarse aggregate 

and water. The key factor that adds value to concrete 

is that it can be designed to withstand harshest 

environments significant role. Today global warming 

and environmental devastation have become manifest 

harms in recent years, concern about environmental 

issues, and a changeover from the mass-waste, mass-

consumption, and mass-production society of the past 

to a zero-emanation society is now viewed as 

significant. Normally glass does not harm the 

environment in any way because it does not give off 

pollutants, but it can harm humans as well as animals, 

if not dealt carefully and it is less friendly to 

environment because it is non-biodegradable. Thus, 

the development of new technologies has been 

required. 

Recently, Glasses and its powder have been used as a 

construction material to decrease environmental 

problems. The coarse and fine glass aggregates could 

cause ASR (alkali-silica reaction) in concrete, but the 

glass powder could suppress their ASR tendency, an 

effect similar to supplementary cementations 
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materials (SCMs). Therefore, glass is used as a 
replacement of supplementary cementations 

materials. 

Concrete is the most widely used material in the 

world next to water. It is strong, gives flexibility in 

design and comes with a low cost [11]. But the 

concrete industry is not sustainable due to 

environmental concerns with the production of 

cement and aggregates.  

Aggregates are the essential component of concrete 

and about 42 % of 15 billion tons of aggregates 

produced each year are used in concrete, of which 

only 8 % are recycled aggregates [11]. Thus this 

component of concrete has larger impact through 

disturbance of virgin lands and rivers for its 

production. The sustainable development for 

construction involves the use of waste materials to 

compensate the lack of natural resources and to find 

alternative ways for conserving the environment. 

Glass powder is considered as a waste material which 

can be used as partial or full substitute of cement. It 

is a by- product obtained during the matte smelting 

and refining of glass. 

The scope of the present study is to evaluate the 

effect of replacing cement with glass powder with 

waste glass powder in concrete. M40 concrete is 

evaluated for fresh concrete properties and 

mechanical properties 

2. LITERATURE REVIEW 

Many works have been done to explore the benefits 

of using pozzolanic materials in making and 

enhancing the properties of concrete. 

M.D.A. Thomas, M.H.Shehata et al. have studied 

the ternary cementitious blends of Portland cement, 

silica fume, and fly ash offer significant advantages 
over binary blends and even greater enhancements 

over plain Portland cement.  

Sandor Popovics have studied the Portland cement-

fly ash - silica fume systems in concrete and 

concluded several beneficial effects of addition of 

silica fume to the fly ash cement mortar in terms of 

strength, workability and ultra sonic velocity test 

results. Jan Bijen has studied the benefits of slag and 

fly ash added to concrete made with OPC in terms of 

alkali-silica reaction, sulphate attack. 

Susan Bernal, Ruby De Gutierrez, Silvio Delvasto, 

Erich Rodriguez carried out Research work in 

Performance of an alkali-activated slag concrete 

reinforced with steel fibers. Their conclusion is that 

the developed AASC present higher compressive 

strengths than the OPC reference concretes. Splitting 

tensile strengths increase in both OPCC and the 

AASC concretes with the incorporation of fibers at 

28 curing days. 

Hisham Qasrawi, Faisal Shalabi, Ibrahim Asi 
carried out Research work in Use of low CaO 

unprocessed steel slag in concrete as fine aggregate. 

Their conclusion is that Regarding the compressive 

and tensile strengths of concrete steel slag is more 

advantageous for concretes of lower strengths. O. 

Boukendakdji, S. Kenai, E.H. Kadri, F. Rouis carried 

out Research work in Effect of slag on the rheology 

of fresh self-compacted concrete. Their conclusion is 

that slag can produce good self-compacting concrete.  
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Houssam A. Toutanji and Tahar El-Korchi carried 

out experimental work on Oxygen and water vapour 

transport in cement pastes, hence concluded that the 
increase in compressive strength of mortar containing 

silica fume as a partial replacement for cement, 

greatly contributes to strengthening the bond between 

the cement paste and aggregate. It was also 

demonstrated that super plasticizer in combination 

with silica fume plays a more effective role in mortar 

mixes than in paste mixes. This can be attributed to a 

more efficient utilization of super plasticizer in the 

mortar mixes due to the better dispersion of the silica 

fume.  

Jitendra B. Jangid and A.C. Saoji [6] studied the 

replacement of Glass Powder varying partially from 0 

to 40%, at interval of 10% and tested for its 

Workability, Compressive Strength, Split Tensile 

Strength, Alkalinity test, Density Measurement, 

Water Absorption test, Volume of permeability test 

and Ultrasonic Pulse Velocity test for the age of 7, 28 

and 56 days and was compared with those of 

conventional concrete. The overall test result showed 

that Waste Glass Powder could be utilized in 

concrete as a good substitute of cement. It was also 

found that Workability of concrete decreases as 

percentage of glass powder increases. Slump value of 

experiment’s concrete ranges from 60 to 80 mm 

highest compressive strength was observed when 

Glass Liquid Powder (GLP) replacement is about 

20%. Highest split tensile strength was observed 

when GLP replacement is about 20%. 

Veena V. Bhatt and N. Bhavanishankar Rao [9] 
studied the influence of replacement of cement by 

glass powder and found that there was an increase of 

27% strength after replacing 20% glass powder, 

when w/c ratio was kept constant. Slump test was 

carried out and the slump was found to be 70 to 

72mm even with 20% replacement. It was also found 

that with the increase in glass content, percentage of 

water absorption decrease. Considering the strength 

criteria, the replacement of cement by glass powder is 

feasible up to 20%. 

3. MATERIALS AND THEIR PROPERTIES 

Materials 

The materials used in this present work are glass 

powder, Ordinary Portland cement (53 grade), coarse 

aggregates and fine aggregates. 

Glass Powder 

The glass powder used in the present study is brought 

from Kolkata market. This material replaces the 

cement in mix proportion. Particle size distribution 

graph shown in Fig.3.1 

 The issue of recycled glass is quite complicated from 

chemistry point of view. Years ago, the 

reinforcement fiberglass manufacturers saw a large 

market potential in using glass reinforcements as 

reinforcing fiber in concrete. Early tests soon 

indicated that normal chemistry reinforcement 

fiberglass almost totally dissolved in the concrete 

environment, as the extremely low alkali content of 

the fiber glass, about 1%, caused it to be highly 

susceptible to alkalis in concrete environments. The 
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fiberglass manufacturers were able to address the 

problem by adding 16% zirconia to the glass 

chemistry to make it alkali resistant (so called AR 

glass). 

 

Ordinary Portland cement 

The OPC (53 grade) used in the present work is of 

Ultratech brand. This is used as main binder in the 

mixes. 

Fine Aggregates 

Naturally available sand from Koel river bed is used 

as fine aggregate in the present work. The most 

common constituent of sand is silica, usually in the 

form of quartz, which is chemical inert and hard. 

Hence used as a fine aggregate in concrete. The sieve 

analysis of sand is shown in table 3.2. As per IS383 

the sand falls under zone 4. 

 

 

 

Coarse Aggregate 

The coarse aggregate available in structural 

engineering lab of civil engineering department. The 

sieve analysis of 20mm and 10mm down size is 

shown in table 3.3 & 3.4 and sieve analysis in Fig.3.8 

respectively

 

 

 

Admixture 

Water reducers are special chemical products added 

to a concrete mixture before it is poured. They are 

from the same family of products as retarders. The 

first class of water reducers was the lignosufonates 

which has been used since the 1930s. These 

inexpensive products were derived from wood and 

paper industry, but are now advantageously replaced 

by other synthetic sulfonate and, polycarboxylate also 

known as Super plasticizers. 

 

4. METHODOLOGY 
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A nominal mix of concrete of proportion 1:2:4 was 

adopted for the present study. The first mix MC1 is 

control mix having only cement as binder. The MCF 

series had fly ash as replacement of cement. The 

MCS & MCG series had silica fume and glass 

powder as replacement of cement. The compressive 

strength tests were conducted to monitor the strength 

development of concrete containing 15% & 30% of 

this pozzolana as cement replacement. The particle 
size effect of glass powder studied by using glass 

powder of size (150-100)μ and (50-100)μ. Capillary 

absorption test is conducted to study the effect of 

alkali aggregate reaction. 

Mix design for M40 grade with various proportions 

The mix proportions of Standard concrete are derived 

for M40. The Standard concrete mixture was 

composed according to IS: 10262-2009. Natural sand 

was supplemented with Waste Glass Powder by 

various percentages in concrete (i.e., 0%, 20%, 40%, 

60%, 80%, and 100%). 

Fixed quantities of cement and coarse aggregates 

(35% - 12 mm and 65% - 20mm of the total were 

utilized respectively in the manufacturing of all the 

concrete samples. The fixed water cement ratio was 

applied as 0.40 in all concrete mixtures.  

 

Batching and Mixing:  

Weigh Batching was practiced with the assistance of 

electronic weigh balance. Batching was done as per 

the combination proportions. Mixing process was 

exhausted tilting mixer. It absolutely was mixed for 

2-3 minutes, after addition of water.  

 

Placing and Compaction:  

Cubes are clean and oiled to prevent the formation of 

bond between concrete and moulds. Place the fresh 

concrete in cubes in three layers, tamping each and 

every layer twenty five times. The entrapped air in 

concrete is removed by table vibrator. Something 

unbroken on the table gets vibrated.  

Casting: 

Cubes of 150×150×150mm and cylinders of 150mm 

dia×300mm height were casted for strength and were 

demoulded once after 24 hours of casting and were 

after cured in water bath for three days, equally the 

cubes and cylinders were cured and check the 

strengths. 

Demoulding:  

After placing fresh concrete in moulds, it absolutely 

was allowed to set for 24 hours. It absolutely was 

marked with some permanent identification mark i.e. 

A1, A2, A3, etc. Concrete cubes are currently 

unbroken in hardening tank for seven, fourteen and 

twenty eight days. Once twenty eight days, concrete 

cubes were removed from hardening tank to conduct 

tests on hardened concrete. 

Curing: 

After demoulding the concrete specimens after 24 

hours they are transferred to curing tank for 7, 14, 28, 

56, 90 days of curing to find the strengths at 

respective days of curing. 

Testing  

After curing the specimens are taken out from the 

curing tank and they are allowed to dry for some time 

then the test on the specimens is carried out. 
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5. RESULTS AND DISCUSSION 

Compressive strength test: 

 

 

Split tensile strength: 

 

 

 

Flexural strength 
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6. CONCLUSION 

1. Waste glass, if ground finer than 100μm shows a 

pozzolanic behavior. 

2. The smaller particle size of the glass powder has 

higher activity with lime resulting in higher 

compressive strength in the concrete mix. 

3. Compared to fly ash concrete, finer glass powder 

concrete had slightly higher early strength as well as 

late strength. 

4. Micro structural examination shows that glass 

powder produces a denser matrix which improves the 

durability property of concrete. 

5. The coefficient of capillary absorption test also 

indicates that incorporation of finer glass powder 

improves durability. 

6. Glass powder of size 150μm - 100μm exhibit 

initiation of alkali aggregate reaction. The presence 

of ettringite confirms this. 

7. The data presented in this study indicates that 

silica fume is best SCM. It gives highest compressive 

strength because of its smaller grain size and 

spherical shapes. 

8. The results obtained from the present study shows 

that there is great potential for the utilization of best 

glass powder in concrete as replacement of cement. 

9. The fine glass powder can be used as a 

replacement for expensive materials like silica fume 

and fly ash. 

10. It can be concluded that 30% of glass powder of 

size less than 100μm could be included as cement 

replacement in concrete without any unfavorable 

effect. 
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