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Abstract:  

Cement manufacturing industry is one of the carbon dioxide emitting sources besides 

deforestation and burning of fossil fuels. The global warming is caused by the emission of green 

house gases, such as CO2, to the atmosphere. Among the greenhouse gases, CO2 contributes 

about 65% of global warming. The global cement industry contributes about 7% of greenhouse 

gas emission to the earth’s atmosphere. 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. Efforts have been made in the concrete industry to 

use waste glass as partial replacement of coarse or fine aggregates and cement. In this study, 

finely powdered waste glasses are used as a partial replacement of cement in concrete and 

compared it with conventional concrete. This work examines the possibility of using Glass 

powder as a partial replacement of cement for new concrete. Glass powder was partially 

replaced as 10%, 20%, 30% and 40% and tested for its compressive, Tensile and flexural 

strength up to 28 days of age and were compared with those of conventional concrete; from 

the results obtained, it is found that glass powder can be used as cement replacement material 

up to particle size less than 75μm to prevent alkali silica reaction. 

Introduction 

The environmental aspects involved 

in the production of and use of cement, 

concrete and other building materials are of 

growing importance. Producing one tone of 

cement results in the emission of .9 tons of 

CO2 .SO2 emissions is also very high, but it 

is dependent on the type of fuel used. 

Energy consumption is also very high at 90-

150KW/Ton of cement produced. It is also 

costly to erect new cement plants. 

Substation of waste materials will conserve 

resources and will avoid environment and 

ecological damages caused by quarrying 

and exploitation of the raw materials for 

making concrete While the developed, 

industrialized countries are called up on to 

reduce pollution of the environment and 

their share of the usage of the world’s 

resources, including energy, the developing 

countries need to avoid the mistakes of the 

past. This problem is particularly acute, 

since cement production as well as fly ash 

generation in China and India are expected 

to increase significantly in the next few 

decades. There is an increasing demand for 

concrete worldwide, estimated to double 

within the next 30 years. This demand can 

be met without a corresponding increase in 

the GREENHOUSE gases by using 

supplementary cementitious materials to 

replace a maximum amount of the cement 

in concrete; we can reduce energy and 

resource consumption, reduce CO2 

emissions and reduce the negative 

environmental impact. There is a further 

Environmental benefit is that most 

commonly used supplementary 

cementitious materials (such as glass, fly 
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ash, silica fume, hypo sludge) are waste 

products and would otherwise end in 

landfills. In solid waste disposal, collection 

and disposal of waste creates a lot of 

problems. Approximately 13 million tons of 

glass wastes are generated annually. Food 

and beverage containers make up over 90% 

of this amount; the remaining 10% comes 

from products like cookware and glassware, 

home furnishings, and plate glass. 

The introduction of waste glass in 

cement will increase the alkali content in 

the cement. It also help in bricks and 

ceramic manufacture and it preserves raw 

materials, decreases energy consumption 

and volume of waste sent to landfill. As 

useful recycled materials, glasses and glass 

powder are mainly used in fields related to 

civil engineering, for example, in cement, as 

pozzolana(supplementary cementitious 

materials), and coarse aggregate. Their 

recycling ratio is close to 100%, and it is 

also used in concrete without adverse 

effects in concrete durability. Therefore, it is 

considered ideal for recycling Recently, 

Glasses and its powder has 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 materials 

(SCMs). Therefore, glass is used as a 

replacement of supplementary cementitious 

materials. 

Literature review 

Granite powder and glass powder 

industrial byproducts resulting from the 

granite stone crushing and polishing and 

from the steel production respectively. 

These byproducts can be used as partial 

replacement of sand in concrete. When used 

in certain proportions, granite powder and 

iron powder have shown to increase the 

compressive strength, flexural strength, and 

splitting tensile strength of concrete. The 

experimental research conducted in this 

study showed the mechanical properties of 

concrete have improved when granite 

powder and iron powder were used as 

partial replacement of sand in specified 

percentages. In addition, the use of these 

powders as a partial replacement of sand 

will reduce the consumption of sand in the 

construction industry thus preserving more 

of these natural resources. Recycling of 

these byproducts and using them in 

concrete will reduce their health hazards 

and their impact on the environment. 

 

Sirianni et al. [1] reported significant 

differences in particle size distributions in 

silica content of granite quarries in Vermont 

depending on the extent of ventilation and 

the nature and activity of work performed. 

The researchers concluded that such 

variability in silica content raises concerns 

about the adequacy of silica exposure 

assessment.  

Vijayalakshmi et al. [2] evaluated 

the durability of concrete made with granite 

powder. They studied durability properties 

such as water permeability, rapid chloride 

penetration (RCPT), carbonation depth, 

sulfate resistance and electrical resistivity. 

Their results showed that the replacement 

of natural sand with granite powder (GP) 

waste up to 15% of any formulation is 

favorable for the concrete making without 

adversely affecting the strength and 

durability. They recommended to chemically 

bleaching the GP prior to blending in the 

concrete to increase the sulfate resistance.  

Singh et al. [3,4] suggested that 25–

40% of river sand can be substituted by the 

granite cutting waste (GCW) with a 

favorable influence on the investigated 

parameters. Their results showed that the 

optimum amount of GCW to be used in 

concrete depends on the water-cement ratio 

of concrete.  

Singh et al. [5] published a study 

reviewing past research on replacing sand 

with granite dust. Their review showed that 

granite dust has increased the mechanical 

properties of concrete and has the potential 

to produce durable concrete. Their review of 

previous research showed that granite dust 
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concrete exhibits enhanced dense and 

compact concrete matrix at optimum 

percentage replacement levels.  

Zhao et al. [6] studied the use of 

iron ore tailings in ultra-high strength 

concrete. Their results showed comparable 

results between the concrete with iron ore 

tailing less than 40% and the control 

concrete. Results from this study and from 

studies by others referenced in this 

introduction showed that there are 

advantages to concrete when granite 

powder is used to partially replace sand in 

the concrete mix. The benefits of using 

granite powder as partial replacement of 

sand not only can enhance strength but also 

preserve the natural resources of sand and 

also keeps these powder particles from 

being airborne into the atmosphere causing 

health hazard to humans 

Experimental Program: Materials Used:  

Cement: The cement used was Ordinary 

Portland cement (53grade) conforming to 

IS:12269-1987 with a specific gravity of 

3.15. Initial and final setting times of the 

cement were 20 min and 265 min, 

respectively.  

Fine Aggregate: The sand used for 

experimental program was locally procured 

and conforming to zone II. The sand was 

first sieved through 4.75 mm sieve to 

remove any particles greater than 4.75mm. 

The fine aggregrates were tested as per 

Indian Standard Specifications IS:383-

1970. The bulk density of sand was found 

out to be 1.6 g/cm3 and the specific gravity 

was found to be 2.6.  

Coarse Aggregate: The natural broken stone 

(coarse aggregate) used for the study was 

of 20mm size maximum. The size of 

Aggregates bigger than 4.75mm.  

Glass powder: Glass is one of the most 

commonly used materials for many 

purposes. When the glass becomes a waste 

in the garbage, it creates a lot of problems 

for disposing it. Even though a lot of glass is 

recycled, some part of glass which is broken 

or in small pieces cannot be recycled. Glass 

contains maximum amount of silica and 

minimum amounts of calcium oxide. When 

the glass is made into fine powder it shows 

some pozzolanic properties. This silica helps 

in improving the setting time of the 

concrete. 

Mix Design:  

Glass is one of the most commonly 

used materials for many purposes. When 

the glass becomes a waste in the garbage, 

it creates a lot of problems for disposing it. 

Even though a lot of glass is recycled, some 

part of glass which is broken or in small 

pieces cannot be recycled. Glass contains 

maximum amount of silica and minimum 

amounts of calcium oxide. When the glass is 

made into fine powder it shows some 

pozzolanic properties. This silica helps in 

improving the setting time of the concrete. 

 

Preparation of granite powder test 

specimens  

 

The granite powder was collected 

from granite crushing and polishing sites 

and was dried before use. The cement and 

granite powder were first mixed thoroughly. 

Further sand and coarse aggregate were 

added to the mix. The materials were mixed 

in dry conditions for few minutes. Once all 

the materials were mixed well, the super 

plasticizer was added to water and water 

containing super plasticizer was added to 

the dry mix in a standard concrete mixer. 

The resulting concrete mix was used to 

prepare 150 × 150 × 150 mm (6 in×6 in×6 

in) cubes and 100 × 100 × 500 mm (4 in × 

4 in × 20 in)beams, and 150 mm × 300 

mm(6 in × 12 in) cylinders. The concrete 

was poured into the molds and was 

compacted 25 blows by a compaction rod. 

After that the cubes, beams, and cylinders 

were vibrated for 1 to 2 min on a vibrating 

machine and then the top surface of the 

specimens was finished using a trowel. After 

that, the molds were left to dry for 24 h. 

The specimens were then removed from the 

molds and were cured in water tank for 

curing for 28 days. The curing time was not 

a parameter in this study and hence no 
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comparisons were made for the effect of 

granite powder (GP) on curing time. Several 

mixes were prepared with different 

percentages of granite powder as partial 

replacement of sand. All other ingredients 

were kept the same. The percentages of 

granite powder used were 0%, 5%, 10%, 

15%, and 20% of sand. A total of five mixes 

were tested: MG0, MG5, MG10, MG15, and 

MG20 containing 0%, 5%, 10%, 15%, and 

20% of GP by weight respectively. This 

concrete with granite powder had a slump 

equal to 80 mm (3.2 in) and the compaction 

factor was 0.95. Plasticizing admixtures are 

added to a concrete mixture to make the 

mix workable without additional water 

especially for use in ready mixed concrete. 

 

Testing of concrete cubes, cylinders 

and beams 

 

Compression tests, split-cylinder 

tensile tests, and flexural tests were 

conducted on concrete cubes, concrete 

cylinders, and concrete beams respectively. 

The compressive strength tests were 

according to ASTM C39 while the flexural 

strength tests and the splitting tensile 

strength tests were done according to ASTM 

C78 and ASTM C496 respectively. Tests 

were performed at 7 days and 28 days. The 

compres-sive tests were conducted using 

2000 kN (450 kips) compressive testing 

machine. Forty cubes were prepared and 

twenty were tested at 7 days and the 

remaining twenty were tested at 28 days. 

Flexural test and split-ting tensile test 

specimens were tested using 1000 kN (225 

kips) testing machine. Figs. 2 and 3 show 

photos of the compression testing machine 

and flexural test machine respectively. 

Twenty beams were prepared and ten were 

tested at 7 days and the remaining ten were 

tested at 28 days. Similarly for the 

cylinders, twenty cylinders were prepared 

and ten were tested at 7 days and the 

remaining ten were tested at 28 days. The 

test results of the cubes, beams, and 

cylinders of concrete made with GP and IP 

were compared to the test results of the 

normal concrete (control) specimens. 

 

Test results 

Compressive strength 

The compressive strength of the cubes was 

determined for control specimens and for 

specimens with various percentages of 

granite pow-der. The average compressive 

strength of control cubes (Mix MG0) was 

35.8 N/mm2 (5.2 ksi). The cubes with 

granite powder showed higher compressive 

strength. The compressive strengths of mix 

designs MG5 (5% GP), MG10 (10% GP), 

MG15 (15% GP) and MG20 (20% GP) were 

tested 47.1 N/mm2 (6.84 ksi), 48.9 N/mm2 

(7.1 ksi), 42.9 N/mm2 (6.22 ksi), 38.7 

N/mm2 (5.61 ksi) respectively. The test 

showed that the optimum percentage of 

granite powder to achieve the maximum 

increase in com-pressive strength was 10%. 

For 20% partial replacement of sand with 

granite powder the increase in the 

compressive strength was relatively small. 

The values of compressive strengths of 

cubes made with different percentages of 

granite powder replacement of sand  

 

 

 

 

 

 

 

 

Flexural strength 

The flexural strength of concrete at 

failure or modulus of rupture was measured 

using beam specimens. The modulus of 

rupture is determined by testing twenty 

beam specimens 100 mm × 100 mm × 500 

mm over a span length L = 400 mm in a 4-

point loading set up as shown in Fig.  
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The flexural strength (modulus of 

rupture) was determined using the bending 

stress formula. The section modulus of the 

cross section was 166,667 mm3 (10.17 in3) 

and load P was recorded by the data ac-

quisition system. The flexural strength of 

the beams was determined for the control 

beams as well as the beams with various 

percentages of granite powder. The flexural 

strength of control beams at 28 days (Mix 

MG0) was 3.23 N/mm2 (469 psi). The 

beams with granite powder showed higher 

flexural strength. The flexural strengths of 

mix designs MG5 (5% GP), MG10 (10% 

GP), MG15 (15% GP) and MG20 (20% GP) 

were 3.61 N/mm2 (524 psi), 4.62 N/mm2 

(670 psi), 3.49 N/mm2 (506 psi), 3.42 

N/mm2 (496 psi) respectively. The tests 

showed that the optimum percentage of 

granite powder to achieve the maximum 

increase in flexural strength was 10%. For 

20% partial replacement of sand with 

granite powder the increase in the flexural 

strength was relatively small. 

 

 

 

 

 

 

 

 

 

 

 

Split tensile strength 

 

The tensile strength of concrete was 

determined indirectly using the split-

cylinder strength test. The indirect test is 

widely accepted test method to determine 

the tensile strength of concrete given the 

difficulty and variability associated with the 

direct tensile tests. The split-cylinder tensile 

strength was determined by testing twenty 

150 mm × 300 mm (6 in × 12 in) cylinders. 

Ten cylinders were tested at 7 days and ten 

cylinders were tested at 28 days. The split-

cylinder tensile strength was determined 

using Eq. (1) where P is the cylinder failure 

load, L is the cylinder length equal to 300 

mm, and D is the cylinder diameter equal to 

150 mm. The split ten-sile strength of the 

cylinders was determined for the control 

cylinders as well as the cylinders with 

various percentages of granite powder. The 

split tensile strength of the control cylinders 

at 28 days (Mix MG0) was 2.62 N/mm2 (380 

psi). The cylinders with granite powder 

showed higher flexural strength compared 

to control mixes. The split tensile strength 

of mix designs MG5 (5% GP), MG10 (10% 

GP), MG15 (15% GP) and MG20 (20% GP) 

were 2.71 N/mm2 (393 psi), 3.0 N/mm2 

(435 psi), 2.39 N/mm2 (347 psi), 1.98 

N/mm2 (287 psi) respectively. The tests 

showed that the optimum percentage of 

granite powder to achieve the maximum 

increase in split tensile strength was 15% 

compared to an optimum value of 10% for 

compression and flexural strengths. For 

20% partial replacement of sand with 

granite powder, the split tensile strength 

was lower than the control cylinders.  
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Conclusion:  

 

Based on experimental investigation on 

the “strength of concrete” and considering the 

“environmental as-pects” the following 

observations are made regarding the resistance 

of partially replaced hypo sludge. From the 

observation of graphs of compressive strength of 

concrete, replacement of cement with the glass 

pow-der material provides maximum 

compressive strength at 20% replacement. 

Environmental effects can be minimized and the 

usage of cement can be minimized through this 

project.It is observed that the density of glass 

powder concrete is less compared to that of 

normal concrete. Therefore glass powder 

concrete can be used as lightweight concrete. 

 

Use of super plasticizer was found necessary to 

main-tain workability with restricted water 

cement ratio. Considering the strength criteria, 

the replacement of cement by glass powder is 

feasible.It is recommended that the utilization of 

waste glass powder in concrete as cement 

replacement is possibleThis material can be used 

for construction of temporary shelters during 

natural calamities. More important is that the 

concept of Green Building and sustainable 

development prin-ciples, which will modify the 

whole picture in favor of the environment. 

 

Advances in concrete research have 

demonstrated that it is possible to coordinate 

these two develop-ments, thereby minimizing 

the need for vast additional cement production 

capacity and creating that balanc-ing act of 

sustainable development on a global scale.he 

concrete industry, which uses vast amounts of 

energy and natural resources and contributes to 

generation of CO2, can improve its record with 

an increased Treliance on recycled materials and 

in particular by replacing larges percentages of 

Portland cement by byproducts of industrial 

processes. 
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