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ABSTRACT

This study's goal is to investigate the characteristics of glass cullet-reinforced high-performance concrete
(GCRHC), which is used to prepare high-performance trail mixes with 20% geo polymer (GP) replacements
ranging from 10% to 40%. An ideal mixture is selected, which replicates cement at a constant 20 percent with
geo polymer. Glass cullet are induced at 10 percent, 20 percent, 30 percent, and 40 percent by weight of coarse
aggregate for that optimized mix along with geo polymer.

Cube moulds measuring 150x150x150 mm, cylinder moulds measuring 100x300 mm, and beam moulds
measuring 100x100x500 mm are made, cured for 7 to 28 days, and then their hardened strength is assessed.
Keywords: Geo polymer, Glass-cullet reinforced high-performance concrete, Compressive strength, flexural

strength, tensile strength, waste glass.
INTRODUCTION

Concrete is a structural material used in construction that is made up of aggregate, or hard, chemically inert
particulate material (typically sand and gravel), which is then bound together by cement and water. Ordinary
Portland Cement (OPC) is combined with additives like fly ash, slag, or silica fumes to create blended cement.
These mineral admixtures produce cement that is currently regarded as being superior to regular cement. Two
significant benefits of using blended concrete mix are technical and environmental. The minimum strength that
concrete must have after 28 days of construction with proper quality control is known as the grade of concrete.
Prefixing M to the desired strength in MPa designates the grade of concrete. For instance, a concrete grade with
a 20 MPa strength would be identified as M20, where M stands for Mix. These concrete grades are transformed

into different mix ratios. For M20 concrete, the cement, sand, and coarse aggregate mix ratio is 1:1.5:3.

Regular grades of concrete are M 15, M20, M25 etc. For plain cement concrete works, generally M 15 is used.

For reinforced concrete construction minimum M20 grade of concrete are used.

Glass waste cullet can be used to replace up to 15% of the cement or sand in concrete. This can improve the
concrete's sustainability without negatively affecting its compressive strength. Using glass waste in concrete

can also contribute to sustainability in construction. Glass is abundant and non-biodegradable, so disposing of
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it in landfills can be costly and environmentally difficult. Recycling glass into concrete can reduce the
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consumption of resources and energy required to manufacture glass.
LITERATURE REVIEW

Manishankar S (2024) concrete industry is a major user of natural resources, which puts its sustainability in
jeopardy. Considering this, this work explores how to partially replace fine aggregates in concrete production
with waste glass cullets, thus addressing economic problems. With an emphasis on the M-20 mix, several weight
percentages of leftover glass cullet—0%, 10%, 20%, and 30%—were used in place of fine aggregates. Oksana
and Serhii (2023) is widely used construction material in the present industry. The concrete con-sists of cement,
fine aggregates and coarse aggregates. Concrete is strong in compression and weak in tension. Also, the cement
manufacturing industry on an average emits 7% of greenhouse gases to earth’s atmosphere which leads to global
warming. In order to address these environmental affects ex-tensive research is ongoing into the use of cement
replacements, using many waste materials (like waste glass, plastics, fly ash, etc.) and industry’s by-products.
Noor Md. Hasan et. al. (2023) all of which lead to long term sustainable development. From this perspective,
this experimental investigation was carried out to determine the cumulative influence of waste glass cullet and
metakaolin (MK) as partial replacements for coarse aggregates and cement in an isolated and combined manner.
This research demonstrated the influence of integrating glass aggregate and metakaolin wherein coarse
aggregate was substituted by 10%, 15%, 20%, 25%, and 30% glass cullet (by weight), and cement was
supplemented with 10% metakaolin. A. S. Pasana et. al. (2023) disposal of the huge volume of glass waste is
one of the significant environmental issues that need to be addressed. One of the efficient ways to solve this
problem is to incorporate ground glass waste in concrete mixtures. However, its inherent surface smoothness

and microcracks within the glass particle harm the hardened properties of concrete.
OBJECTIVE OF THE STUDY

The main focus of this study, is the behavior of the glass cullet-reinforced high-performance concrete (GCRHC),

which is used to prepare high-performance trail mixes with 20% geo polymer (GP).

o To study the properties of the glass cullet-reinforced high-performance concrete (GCRHC),
which is used to prepare high-performance trail mixes with 20% geo polymer (GP).

o To achieve durability of the glass cullet-reinforced high-performance concrete (GCRHC), which
is used to prepare high-performance trail mixes with 20% geo polymer (GP).

o To achieve economy by selecting appropriate concrete ingredients.

o To study the workability of the glass cullet-reinforced high-performance concrete (GCRHC),
which is used to prepare high-performance trail mixes with 20% geo polymer (GP).

o To study the compressive strength and tensile strength of the glass cullet-reinforced high-

performance concrete (GCRHC), which is used to prepare high-performance trail mixes with 20% geo
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polymer (GP).
METHODOLOGY

Following test were conducted on prepared samples and materials also as per relevant IS code of Practice:

1. Slump Cone Test
2. Compressive Strength Test

SLUMP CONE TEST

This is a test used extensively in site work all over the work. The slump test does not measure the workability
of concrete although ACI 116R — 90 describes it as a measure of consistency, but the test is very useful in
detecting variations in the uniformity of a mix of given nominal proportions. The slump test is prescribed by

IS: 456 (2000), ASTM C 143 90A and BS 1881 Part 102:1983.
COMPRESSIVE STRENGTH TEST

Compressive strength of concrete depends on many factors such as water-cement ratio, cement strength, quality
of concrete material, quality control during production of concrete etc. Test for compressive strength is carried
out either on cube or cylinder. Various standard codes recommend concrete cylinder or concrete cube as the
standard specimen for the test. Out of test applied to the concrete, this is the utmost important which gives an
idea about all the characteristics of concrete. By this single test one judge that whether Concreting has been

done properly or not.

OBSERVATION AND RESULTS
COMPRESSIVE STRENGTH TEST

The compressive strength of concrete is one of the most important Properties of concrete in most structural
application concrete is implied primarily to resist compressive stress. This test give us a thought regarding
every one of the attributes of cement. With the assistance of this test we can watch that if Concreting has been

done appropriately.

The compressive strength of glass cullet-reinforced high-performance concrete (GCRHC) replaced with
coarse aggregate in different % in concrete mix with 20% geo polymer (GP)

Table: The compressive strength of glass cullet-reinforced high-performance concrete (GCRHC) replaced
with coarse aggregate in different % in concrete mix with 20% geo polymer (GP) at 7 days
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Compressive Strength (7 days)

0%GCRHC 10%GCRHC 20%GCRHC 30%GCRHC 40%GCRHC
Table:
Mix-Type Mix ID Compressive Strength 7

days
0%GCRHC Mix-CC 26.45
10%GCRHC Mix-10%GCRHC 28.90
20%GCRHC Mix-20%GCRHC 29.30
30%GCRHC Mix-30%GCRHC 29.80
40%GCRHC Mix-40%GCRHC 29.20

The compressive strength of glass cullet-reinforced high-performance concrete (GCRHC) replaced with
coarse aggregate in different % in concrete mix with 20% geo polymer (GP) at 28 days
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Compressive Strength (28 days)

0%GCRHC 10%GCRHC

20%GCRHC

30%GCRHC 40%GCRHC

The Flexural strength of glass cullet-reinforced high-performance concrete (GCRHC) replaced with

coarse
Mix-Type Mix ID Compressive Strength 28

days

0%GCRHC Mix-CC 47.90

10%GCRHC Mix-10%GCRHC 49.30

20%GCRHC Mix-20%GCRHC 52.25

30%GCRHC Mix-30%GCRHC 53.80

40%GCRHC Mix-40%GCRHC 52.98

aggregate in different % in concrete mix with 20% geo polymer (GP).

Table: The Flexural strength of glass cullet-reinforced high-performance
concrete (GCRHC) replaced with coarse aggregate in different % in concrete
mix with 20% geo polymer (GP) at 28 days
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Flexural Strength (28 days)

0%GCRHC 10%GCRHC 20%GCRHC 30%GCRHC 40%GCRHC
Mix-Type Mix ID Flexural Strength 28

days
0%GCRHC Mix-CC 5.85
10%GCRHC Mix-10%GCRHC 6.88
20%GCRHC Mix-20%GCRHC 7.30
30%GCRHC Mix-30%GCRHC 7.90
40%GCRHC Mix-40%GCRHC 7.60

CONCLUSION

The following conclusions are made from the study:

1. Without reducing the water-cement ratio, the target mean strength of M40 grade concrete can be
reached by using glass cullet-reinforced high-performance concrete (GCRHC) to partially replace
aggregate.

2. 40 MPa is typically used for a variety of structural applications.
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Compressive strength compares between normal mix concrete and Glass fiber mix concrete
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Case 1;- The compressive strength of different percentages of glass cullet-reinforced high-performance
concrete (GCRHC) replaced with coarse aggregate in different % in concrete mix with 20% geo polymer
(GP) at 7 days.

Case 2;- The compressive strength of different percentages of glass cullet-reinforced high-performance
concrete (GCRHC) replaced with coarse aggregate in different % in concrete mix with 20% geo polymer
(GP) at 28 days.

Flexural strength compares between normal mix concrete and Glass fiber mix concrete.

Case 3;- The Flexural strength of different percentages of glass cullet-reinforced high-performance concrete
(GCRHC) replaced with coarse aggregate in different % in concrete mix with 20% geo polymer (GP) at 28

days.
REFERENCES
1. Prasanna kumar and Bypaneni Krishna Chaitanya “Performance evaluation of glass fiber

reinforced high-performance concrete with silica fume and nano-silica” IOP Conference Series: Earth
and Environmental Science, Volume 982, 2021 International Conference on Innovative and Sustainable
Technologies in Civil Engineering 24-25 September 2021,

2. Sachin Patil, Somasekharaiah h m Sudarsana Rao H & Vaishali G.Ghorpade “Effect of Fly ash,
Silica fume, Glass Fiber and Polypropylene Fiber on Strength Properties of Composite Fiber Reinforced
High Performance Concrete”May 2021International Journal of Engineering Trends and Technology
69(5):69-84 DOI:10.14445/22315381/IJETT-V6915P212

3. kumar, Pidugu Prasanna ; Chaitanya, Bypaneni Krishna ‘“Performance evaluation of glass fiber
reinforced high-performance concrete with silica fume and nano-silica” IOP Conference Series: Earth
and Environmental Science, Volume 982, Issue 1, 1d.012018, 9 pp. Pub Date: March 2022

4. Sachin Patil, Dr.H.M. Somasekharaiah, Dr. H. Sudarsana Rao, Dr.Vaishali G.Ghorpade, "Effect
of Fly ash, Silica fume, Glass Fiber and Polypropylene Fiber on Strength Properties of Composite Fiber
Reinforced High Performance Concrete," International Journal of Engineering Trends and Technology,
vol. 69, no. 5, pp. 69-84, 2021. Crossref,

5. Mohammad Imteyazuddin , Prof. Syed Arafath “ An Experimental Investigation on Strength
Characteristics of Concrete with Partial Replacement of Silica Fume and Metakaolin with Cement on
M-30 Grade of Concrete”| IIMER | ISSN: 22496645 | www.ijmer.com | Vol. 4 | Iss.9| Sept. 2014

6. Osama  Zaid, Jawad  Ahmad, Muhammad  Shahid  Siddique, Fahid  Aslam, Hisham
Alabduljabbar & Khaled Mohamed Khedher “A step towards sustainable glass fiber reinforced

concrete utilizing silica fume and waste coconut shell aggregate” Scientific Reports volume 11,

Article number: 12822 (2021)

7. Pidugu Prasanna kumar , Bypaneni Krishna Chaitanya “Performance evaluation of glass fiber

© 2025, IJSREM | www.ijsrem.com | Page 7



http://www.ijsrem.com/
https://www.nature.com/articles/s41598-021-92228-6#auth-Osama-Zaid
https://www.nature.com/articles/s41598-021-92228-6#auth-Jawad-Ahmad
https://www.nature.com/articles/s41598-021-92228-6#auth-Muhammad_Shahid-Siddique
https://www.nature.com/articles/s41598-021-92228-6#auth-Fahid-Aslam
https://www.nature.com/articles/s41598-021-92228-6#auth-Hisham-Alabduljabbar
https://www.nature.com/articles/s41598-021-92228-6#auth-Hisham-Alabduljabbar
https://www.nature.com/articles/s41598-021-92228-6#auth-Khaled_Mohamed-Khedher
https://www.nature.com/srep

AN . . . . . .
7nsremyt,  [nternational Journal of Scientific Research in Engineering and Management (IJ]SREM)
L, g¢ Volume: 09 Issue: 07 | July - 2025 SJIF Rating: 8.586 ISSN:2582-3930

I s 2{\ A I
reinforced highperformance concrete with silica fume and nano-silica” IOP Conf. Ser.: Earth Environ.

Sci. 982 012018 DOI 10.1088/1755-1315/982/1/012018

8. Panel Sachin Patila , H Sudarsana Rao,Vaishali. G. Ghorpade “The influence of metakaolin,
silica fume, glass fiber, and polypropylene fiber on the strength characteristics of high performance
concrete” Author links open overlay Available online 23 November
2022https://doi.org/10.1016/j.matpr.2022.11.051Get rights and content

9. C M Kansal, S Single and R Garg “Effect of Silica Fume & Steel Slag on Nano-silica based
High- Performance Concrete” (2020) 012012 IOP Publishing doi:10.1088/1757-899X/961/1/012012
10. Ghalehnovi, M.; Edalati, M.; de Brito,J. “Properties of Fiber-Reinforced High-Strength Concrete
with Nano-Silica and Silica Fume”https://doi.org/10.3390/app11209696Academic Editor: Chao-Wei
Tang Received: 5 September 2021 Accepted: 8 October 2021 Published: 18 October 2021

11.  Md Asif Ahmed, Prof. Syed Arafath “An Experimental investigation on effect of Silica Fume
and Steel Fiber on M30 Grade of Concrete” IJSRD - International Journal for Scientific Research &
Development| Vol. 2, Issue 07, 2014 | ISSN (online): 2321-0613All rights reserved by www.ijsrd.com
352

12.  A.K.Saxena, Seema Singh “Effect of Strength in Grade Concrete with Partial Replacement of
Glass Fiber” IJSRD - International Journal for Scientific Research & Development| Vol. 3, Issue 09,
2015 | ISSN (online): 2321-0613 All rights reserved by www.ijsrd.com 1077

13.  Mayank Mishra, K.G.Kirar & Chetan Sharma “Experimental investigati on the properties of
m30 grade of Concrete using steel fibers and ggbs (ground granulated Blast furnace slag) as partial
replacement of cement” Mishra * et al., 7(2): march, 2018 impact factor: 5.164 Ic™ value: 3.00 coden:
jjess7 Http: // www.ijesrt.com© international journal of engineering sciences & research technology
IJSRD - International Journal for Scientific Research & Development| Vol. 6, Issue 09, 2018 | ISSN
(online): 2321-0613All rights reserved by www.ijsrd.com 174

14. S Syed Basha “Experimental Study of Strength & Durability Properties of Hybrid Fiber
Reinforced Concrete for M25 Grade”.

© 2025, IJSREM | www.ijsrem.com | Page 8



http://www.ijsrem.com/

