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Abstract— The current work is carried out to compare the
strengths characteristics of conventional concrete with the
concrete replaced with glass powder as partial replacement
of cement. The work is carried out with M20 and M30 grade
concrete with w/c ratio of 0.5 and 0.45 as a control specimen
and the glass powder is replaced by cement in the range
from 10% to 40% with 10% increment by weight of cement.
The glass powder used in this work is having the particle
size less than 90 microns. For all the mixes compressive,
flexural, and split tensile strengths are determined at 7 and
28 days of curing. The result of present investigation
indicate that glass powder incorporation results in
significant improvements in the compressive, flexural, and
split tensile strengths of concrete upto 20% of replacement.
Key words: RGP, GP, compressive, flexural and split tensile
strengths, workability

. INTRODUCTION

The cement industry is one of the primary industrial
producers of carbon dioxide (CO,), creating upto 5% of
worldwide man-made emissions of this gas, of which 50% is
from the chemical process and 40% from burning fuel.
Glass is an amorphous solid that has been found in various
forms for thousands of years and has been manufactured for
human use since 12,000 BC. Glass is one the most versatile
substances on Earth, used in many applications and in a
wide variety of forms, from plain clears glass to tempered
and tinted varieties, and so forth. An enormous quantity of
waste glass is generated all around the world. In India, 0.7%
of total urban waste generated comprises of glass [1]. UK
produces over three million tons of waste glass annually [2].
Much of the glass produced in the World is discarded,
stockpiled or land filled. This pattern has influenced
environmental organizations to pressure the professional
community to lower the amount of glass being discarded as
well as find a way to use the non-recycled glass in new
applications. The waste glass is one of the issues of
environmental problem. The usage of glass has increased
considerably in every industry, which has in essence,
contributed to the increase of waste disposal. In addition,
glass waste is considered as non-decaying material that
should be dumped at the site. As we know that now a days,
most of developing countries facing shortage of post
consumers disposal waste site and it’s become a very serious
problem. For this reason, regenerating and using waste
product as resources and prevent environmental pollutions.
Therefore in research, considering the post consumer waste
glass, there is effort to recover and use waste glass or
otherwise its end up at disposal landfill. The quantity of
waste glass has slowly increased over the years due to the
growing need and usage of glass products, this gives way for
large quantity of glass waste. Most of these waste glasses
can be recycled. At the same time today’s annual global

cement production has reached 2.8 billion tons, and is
expected to increase to some 4 billion tons per year. The
cement industry is facing challenges such as cost increases
in energy supply, requirements to reduce CO, emissions and
the supply of raw materials in sufficient quantities. The usage
of waste glass to replace cement upto some extent could reduce
the cost of concrete and also the consumption of cement, there
by directly reduce the CO, emission which is related to the
production of cement. Also this reduces the cost of making
concrete since a waste material is used. The interest of the
construction community in using waste or recycled materials
in concrete is increasing because of the emphasis placed on
sustainable construction. Glass is an inert material which
could be recycled and used many times without changing its
chemical property[3]. Efforts have been made in the
concrete industry to use waste glass powder as partial
replacement of cement. Waste glass when ground to a very
fine powder shows pozzolnic properties as it contains SiO,
and therefore to some extent can replace cement in concrete
and contribute in strength development. Glass is amorphous
material with high silica content, thus making it potentially
pozzolanic when particle size is less than 600um[4].. Studies
have shown that finely ground glass does not contribute to
alkali —silica reaction.

Il. MATERIALS

A. Cement:

Ordinary Portland cement confirming to 1S 12269-1987 [5]
was used. Ultra-tech cement 53 grade procured from single
source, properties of which are tested in the laboratory are
shown in table 1.

Sl. No. Properties Results
1 Specific gravity 3.10
2 Normal consistency 34%
3 Fineness 2%
4 Initial setting time | 40 minutes
5 Final setting time | 190 minutes

Table 1: Physical properties of cement

B. Fine Aggregate (F.A):

Locally available river sand belonging to zone-Il of IS 383-
1970 [6] has been used in this project work. The sieve
analysis data and physical properties of fine aggregate used
are listed in table 2.

SI. No. | IS Sieve size | Cumulative % passing
1 4.75mm 99.200
2 2.36mm 91.800
3 1.18mm 76.800
4 600 p 35.300
5 300 p 8.300
6 150 p 2.400
7 Specific gravity=2.61
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| 8 ] Bulk density=1710 Kg/m® |
Table 2: Sieve analysis data and physical properties of fine
aggregate.

C. Coarse aggregate (C.A):

In the present investigation aggregate available from local
crusher was used. Only one size fraction i.e. 20mm down
size basalt coarse aggregate confirming to IS 383-1970 [6]
was used. Different test such as specific gravity, bulk
density etc were carried out in laboratory for basalt coarse
aggregate. The results are presented in table 3.

Sl Sieve Cumulative % passing finer for
No. sizes basalt aggregate

1 40mm 100

2 20mm 82.50

3 12.5mm 21.80

4 10mm 7.25

5 4.75mm 3.06

6 Specific gravity=2.8

7 Bulk density=1480 Kg/m®

Table 3: Sieve analysis data and physical properties of
coarse aggregate

D. Glass powder (G.P):

The glass powder required was brought from the local glass
cutting and polishing unit. Before adding the glass powder
in the concrete it is powdered to required size. In this
experimental study glass powder having particle size less
than 90 microns is used and having the specific gravity
2.91.The chemical composition of cement and glass powder
is shown in table 4.

Constituents | Cement in % | Glass powder in %

Sio, 20.2 72.5

Al,O; 4.70 0.40

Fe,0; 3.0 0.20

Cao 61.9 11.50

MgO 2.60 3.3

Na,O 0.19 4.08

K,0 0.82 0.1

SO, 3.9 Nil

Table 4: Chemical composition of cement and glass powder

E. Water:

Water used for mixing should be free from injurious amount
of deleterious materials Potable water is generally
considered satisfactory for mixing. In the present work
potable tap water was used for both casting and curing.

I1l. MECHANISM OF PORTLAND CEMENT AND GLASS
POWDER

Glass wastes as a cullet are used in the production of
building materials mainly as an inert aggregate. However,
finely grained glass powder with its well-developed surface
cannot be regarded as passive toward cement solutions that
glass is a material with an amorphous structure,
characterized by a large supply of free energy. The glass that
has been used in our investigations—contains Na,O and K,O.
In the glass structure the ions of these metals have
considerably less binding energy as compared to covalent
bond of Si-O in the structural fragment of Si-O-+Na or Si-
O-+K. In water solution Na+ and K+ ions are easily diffused

from glass to the solution and form sodium and potassium
hydroxides in the solution, correspondingly. They are
displaced by H+ ions from water and thus hydrate the
surfaces of glass grains. This is a so called ion-exchange
mechanism of interaction between glass and water. Since the
area of glass grain surface is very large, comparable to the
area of cement grain surface, ionic exchange is very active.
In our opinion, it is connected with high content of SiO, in
the glass (near 70 %), which results in the formation of
calcium hydro silicate (CSH), as shown in chemical
reaction: which has actually been proven in practice.
Literary sources provide no information about chemical
influence of finely grained glass on the process of
hardening, especially in its early pre-induction hydration
period — the period which considerably conditions the
cement stone structure formation and its properties. It is well
known
2(3Ca0.Si0,)+6H,0=3 Ca0.2Si0,.3H,0+3Ca(0H),
(Tricalcium Silicate) (Calcium Silicate Hydrate) (Calcium
Hydroxide) (D)
3Ca(0OH), + SiO, + (n-1) H,O = Ca0.Si0,.nH,0
(Calcium hydroxide) (Glass) (Calcium Silicate Hydrate)
.2

As a result of reaction (1) the amount of calcium
hydroxide in the cement solution decreases. Consequently,
the alkalinity of solution with glass powder additives
decreases as well and additional amount of CSH crystal
phase in a cement stone is formed. It has been established
that addition of finely grained glass to Portland cement or to
Portland cement based concrete accelerates the binding
process during preinduction period of hydration (2—4 min.)
but retards it during after-induction period. However, this
does not affect the mechanical strength of the concrete
samples after the first day of hardening. The strength of
samples with glass is higher as compared to the control
samples, because, as has been stated above, glass additives
modify cement stone structure [7]

IV. EXPERIMENTAL WORK AND TEST

For each mix three cubes of 150mm x 150mm x 150mmin
size, three cylinders of 150mm diameter and 300m height
and three prisms of 100mm x 100 x 500mm were
cast using steel moulds. The caste specimens were
kept in ambient temperature for 24 hours. After 24 hours
they were demoulded and placed in water for curing.
Cubes were used to determine the compressive strength
of concrete for 7 days and 28 days, Cylinders were used
to determine the split tensile strength of concrete for 7
days and 28 days. Prisms were used to determine the
Flexural strength of concrete for 7 days and 28 days.
Mix design is carried out by IS 10262:2009[8] for
M,, and M3, grade concrete yielded a mix proportion
as shown in table 5

Grad
e of Wat | Ceme Fine Coarse
concr er nt aggregate | aggregate(20 mm)
ete
My 0.5 1 1.77 3.1
Maq 0.45 1 1.52 2.78

Table 5: Mix Proportions
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V. RESULTS & DISCUSSION

A. Tests for Compressive Strength:

From the test results of compressive strength for M, and
Ma, grade concrete, it is found that the compressive strength
increases with the increase in glass powder content upto
20% then the strength decreases. It is found that the
optimum percentage replacement of cement by glass powder
which gives the maximum compressive strength for M, and
Ma, grade concrete is 20%.

At 7 days of curing the compressive strength of
My, grade concrete increases from 18.38 N/mm? to 20.93
N/mm? and for Ms, grade concrete increases from 27.07
N/mm? to 30.37 N/mm? for 20% replacement of cement by
glass powder. It is found that there was 14 % and 12%
increment in compressive strength for My, and My, grade
concrete respectively at 7 days of curing.

At 28 days of curing the compressive strength of
My, grade concrete increases from 27.90 N/mm? to 33.65
N/mm? and for Ma, grade concrete increases from 38.40
N/mm? to 42.44 N/mm? for 20% replacement of cement by
glass powder. It is found that there was 21 % and 11%
increment in compressive strength for My, and My, grade
concrete respectively at 28 days of curing.

The results of compressive strengths of My, and
M3, grade of concrete for various percentage replacement of
cement by glass powder are shown in table 7 and the same
data are presented in fig 2 and fig 3 respectively for 7 and 28
days-curing.

B. Tests for Split tensile strength:

From the test results of split tensile strength for M,y and Mz
grade concrete, it is found that the split tensile strength
increases with the increase in glass powder content upto
20% then the strength decreases. It is found that the
optimum percentage replacement of cement by glass powder
which gives the maximum split tensile strength for M,y and
M3, grade concrete is 20%.

At 7 days of curing the split tensile strength of M,
grade concrete increases from 1.11 N/mm? to 1.29 N/mm?
and for My, grade concrete increases from 1.49 N/mm? to
1.72 N/mm? for 20% replacement of cement by glass
powder. It is found that there was 16 % and 15% increment
in split tensile strength for My, and Ms, grade concrete
respectively at 7 days of curing.

At 28 days of curing the split tensile strength of
M, grade concrete increases from 2.19 N/mm? to 2.74
N/mm? and for Mg, grade concrete increases from 2.82
N/mm? to 3.46 N/mm? for 20% replacement of cement by
glass powder. It is found that there was 25 % and 23%
increment in split tensile strength for My, and Mz, grade
concrete respectively at 28 days of curing.

The results of split tensile strengths of My and My
grade of concrete for various percentage replacement of
cement by glass powder are shown in table 8 and the same
data are presented in fig 4 and fig 5 respectively for 7 and 28
days curing.

C. Tests for Flexural strength:

From the test results of flexural strength for My, and Mg
grade concrete, it is found that the flexural strength
increases with the increase in glass powder content upto
20% then the strength decreases. It is found that the

optimum percentage replacement of cement by glass powder
which gives the maximum flexural strength for M, and Mg
grade concrete is 20%.

At 7 days of curing the flexural strength of My
grade concrete increases from 2.35 N/mm? to 2.62 N/mm?
and for Mz, grade concrete increases from 3.14 N/mm? to
3.40 N/mm? for 20% replacement of cement by glass
powder. It is found that there was 11% and 8% increment in
flexural strength for M,y and Msq grade concrete respectively
at 7 days of curing.

At 28 days of curing the flexural strength of My
grade concrete increases from 3.27 N/mm? to 3.79 N/mm?
and for My, grade concrete increases from 4.05 N/mm? to
458 N/mm? for 20% replacement of cement by glass
powder. It is found that there was 16% and 13% increment
in flexural strength for M, and Mg;, grade concrete
respectively at 28 days of curing.

The results of flexural strengths of My, and Mgz
grade of concrete for various percentage replacement of
cement by glass powder are shown in table 9 and the same
data are presented in fig 6 and fig 7 respectively for 7 and 28
days curing.

D. Workability Characteristics:

1) Compaction Factor Test:

It was observed from the Compaction factor test which is a
test conducted to measure the workability of the concrete,
the workability of concrete was decreased by the increase in
the percentage replacement of cement with glass powder by
weight. The values of compaction factor test for My, and
M3, grades of concrete are shown in table 6 and same data is
presented in fig 1.

% Replacement Compaction Compaction
of cement by factor values for | factor values for
Glass powder MzoGrade filemgrace

concrete concrete
0% 0.89 0.863
10% 0.878 0.85
20% 0.858 0.842
30% 0.851 0.832
40% 0.849 0.828

Table 6: Results of Compaction Factor Test

G
-
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Fig. 1: Replacements of Glass powder v/s compaction factor

Compressive
SI. Replacemen Curin strength in
N t of cement g N\mm?2
O by GP Period Moo M3
grade grade
7-days 18.38 27.07
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Fig. 3: Compressive strength test results for GP
replacements for M3, grade concrete

3 4

Split tensile strength in Nimm2

0% 10% 20% 30% 40%

Replacement of glass powder

@ 7 days @ 28 days

Fig. 4: Split tensile strength test results for GP replacements
for Mg grade concrete

1 0% 28-days 27.90 38.40
7-days 19.18 27.79
2 10% 28-days 30.30 40.98
7-days 20.93 30.37
3 20% 28-days 33.65 42.44
7-days 18.82 27.69
4 30% 28-days 28.78 38.98
7-days 16.06 23.62
5 40% 28-days 24.20 35.06
Table7: Compressive strength of Concrete using RGP
Split tensile
Sl Replacemen Curin strength in
N t of cement g N\mmz2
@) by GP Period Moo Mao
grade grade
7-days 1.11 1.49
1 0% 28-days 2.19 2.82
7-days 1.21 1.56
2 10% 28-days 2.37 3.05
7-days 1.29 1.72
3 20% 28-days 2.74 3.46
7-days 1.15 1.52
4 30% 28-days 2.25 2.88
7-days 0.9 1.35
5 40% 28-days 1.73 2.63
Table 8: Split tensile strength of Concrete using RGP
Replac Flexural strength in
Sl ement of Curing N\mm2
NO cement Period
by GP Mo M3o
grade grade
7-days 2.35 3.14
1 0% 28-days 3.27 4.05
7-days 2.49 3.21
2 10% 28-days 3.40 4.19
7-days 2.62 3.40
3 20% 28-days 3.79 4.58
7-days 242 3.27
4 30% 28-days 3.33 4.12
7-days 2.16 2.94
5 40% 28-days 3.10 3.86

St dormebc i1 N

Table 9: Flexural strength of Concrete using RGP
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Fig. 2: Compressive strength test results for GP
replacements for M, grade concrete

Fig. 5: Split tensile strength test results for GP replacements
for Mg grade concrete
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Fig. 6: Flexural strength test results for GP replacements for
M, grade concrete
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Fig. 7: Flexural strength test results for GP replacements for
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(1]

(2]

(3]

[4]

M3, grade concrete

VI. CONCLUSION

The optimum percentage replacement of cement by
glass powder is 20%.

The workability of concrete decreases with the increase
in replacement of cement by glass powder.

It is found that there was 14 % increment in
compressive strength for My, grade concrete and 12%
increment in compressive strength for My, grade
concrete at 7 days of curing.

It is found that there was 21 % increment in
compressive strength for My, grade concrete and 11%
increment in compressive strength for My, grade
concrete at 28 days of curing.

It is found that there was 16 % increment in split tensile
strength for My, grade concrete and 15% increment in
split tensile strength for M3, grade concrete at 7 days of
curing.

It is found that there was 25 % increment in split tensile
strength for My, grade concrete and 23% increment in
split tensile strength for Ms, grade concrete at 28 days
of curing.

It is found that there was 11 % increment in flexural
strength for My, grade concrete and 8% increment in
flexural strength for Ms, grade concrete at 7 days of
curing.

It is found that there was 16 % increment in flexural
strength for My, grade concrete and 13% increment in
flexural strength for Ms, grade concrete at 28 days of
curing..

Additionally, use of WGP prevents Ca (OH), leaching.
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