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Abstract- Glass Powder (GP) used in concrete making leads
to greener environment. In shops, damaged glass sheets &
sheet glass cuttings are go to waste, which are not recycled at
present and usually delivered to landfills for disposal. Using
GP in concrete is an interesting possibility for economy on
waste disposal sites and conservation of environment.

This project examines the possibility of using GP as
fine aggregate replacement in concrete. Natural sand was
partially replaced (0% - 30%) with GP in concrete.
Compressive strength, Tensile strength, Modulus of Elasticity
and Flexural strength were compared with those of concrete
made with natural fine aggregates at different curing periods.

Keywords- Glass Powder, Compressive strength, Tensile
strength, Modulus of Elasticity and Flexural strength

I. INTRODUCTION
11 GLASS POWDER

Glass is produced in many forms, including
packaging or container glass, flat glass, bulb glass, and
cathode ray tube glass. All of each type of glass have a limited
life in the form in which they are produced and need to be
reused in order to avoid environmental problems. The plain
glass dust waste can be recycled, but it is costly to remove the
colour of coloured glasses and recycle again. The glass waste
was collected from shops with type bottles. Cathode ray tube
glass (TV screens, monitors, etc.) was not used in this study
due to concern about hazardous metals content. Glass
containers compositions from abundant raw materials are
sand, soda ash, limestone and cullet. The proportion of raw
materials is based on availability, chemical and physical
consistency, sizing, purity and cost. The goal is to use the
most economical and high quality raw materials available.
Glass containers are commonly made with a combination of
various oxides or oxygen based compounds and are commonly
referred to as “Soda-Lime” glass. The combining of raw
materials creates glass containers that are durable, strong,

Page | 839

impermeable, easily shaped, and inexpensive. Some oxides
will form glass without adding any other elements and are
known as network formers. The most common of these is
silica (SiOy). The land filling of waste glasses is undesirable
because they are not biodegradable, which makes them
environmentally less friendly. There is huge potential for
using waste glass in the concrete construction sector. When
waste glasses are reused in making concrete products, the
production cost of concrete will go down. Glass concrete
products can be categorized as commaodity products and value-
added products. For simple commodity products, the primary
objective is to utilize as much waste glass as possible. This
research has been conducted to identify the suitable
composition of glass dust waste as fine aggregate replacement
material in concrete and also to study the compressive strength
of concrete

It's easy not to think about garbage. You throw away
your empty cartons, bags, and cups, and once a week the trash
collector comes and takes it all away. Out of sight, out of
mind... except that it's not really gone.Most US garbage is
simply relocated from your garbage can to a landfill or
incinerator, both of which are fraught with problems:

e Incinerators: Emit toxic dioxins, mercury, cadmium,
and other particulate matter into the air, and convert
waste into toxic ash (which is sometimes used to
cover landfills).

e Landfills: There are more than 3,000 active landfills,
and 10,000-old landfills, in the US. While the number
of landfills in the US has been decreasing in recent
decades, they have, individually, been increasing in
Slze.

Along with being a major source of methane
emissions, landfills produce "leachate,"” a toxic fluid composed
of pollutants like benzene, pesticides, heavy metals,
endocrine-disrupting chemicals, and more, which come from
the compressed trash.
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Although landfills are technically supposed to keep garbage
dry and are lined to prevent leachate from contaminating
nearby soil and groundwater, the landfill liners are virtually
guaranteed to degrade, tear, or crack eventually, allowing the
toxins to escape directly into the environment.

It's easy not to think about garbage. You throw away your
empty cartons, bags, and cups, and once a week the trash
collector comes and takes it all away. Out of sight, out of
mind... except that it's not really gone.

Although landfills are technically supposed to keep garbage
dry and are lined to prevent leachate from contaminating
nearby soil and groundwater, the landfill liners are virtually
guaranteed to degrade, tear, or crack eventually, allowing the
toxins to escape directly into the environment.

Glass is made up of sand, soda ash and limestone substances.
It is a hard material that is normally breakable and transparent.
These substances are heated altogether and the molecules
bond that is formed is a substance that we call glass. Glass has
been used for many functions and usually a popular tool for
storage purposes

Il. LITERATURE REVIEW

Glass cullet is recycled container glass (previously
used for bottles, jars and other similar glass vessels) prior to
processing. The material is typically collected via bottle
banks, curbside collection schemes and from premises
handling large quantities of containers. The primary aim for
cullet collecting is processing it for returning to the
glassmaking process to manufacture new glass products. The
term —Culletl also refers to waste glass produced as a result
of breakage and rejection on quality control grounds during
manufacturing process. Crushed, graded glass cullet has been
extensively investigated and tried in a number of construction
and non-construction related applications (Meyer, 2001).

Sasikumar &Tamilvanam[1] performed an experiment
investigation on properties of glass powder as a partial
replacement of cement. Main parameter investigated in this
study is M30 grade concrete with partial replacement of
cement by glass powder 0%, 5%, 10%, 20%, 25%.the
optimum 7 and 28 days compressive strength has been
obtained in the 25% glass powder replacement level.

Alok [2] write a research paper on partial replacement of
cement in M30 concrete from glass powder were 0%, 2.5%
and 7% water cement ratio was kept 0.43 in all the cases 43.1
N/mm?was the maximum compressive strength.
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Kumar & Dhaka [3] write a review paper on partial
replacement of cement with glass powder and its effect on
concrete properties the main parameter investigated in this
study M35 concrete with partial replacement of glass powder
with varying 0,5,10,15,20,25% by weight of cement. The
paper presents a detailed study on compressive strength,
flexural strength and split tensile strength for 7 days and 28
days respectively.

Sharma & Seema [5] examined the effect of partial
replacement of cement with glass powder on compressive
strength of concrete with w/c ratio as 0.5 and percentage
replacement was 0%,10%,15%,20%,25%.The  optimum
compressive strength is obtained at 20% cement replacement
by a glass powder at all levels.

Glass cullet is recycled container glass (previously
used for bottles, jars and other similar glass vessels) prior to
processing. The material is typically collected via bottle
banks, curbside collection schemes and from premises
handling large quantities of containers. The primary aim for
cullet collecting is processing it for returning to the
glassmaking process to manufacture new glass products. The
term —Culletl also refers to waste glass produced as a result
of breakage and rejection on quality control grounds during
manufacturing process. Crushed, graded glass cullet has been
extensively investigated and tried in a number of construction
and non-construction related applications (Meyer, 2001).

Weitz (2005) reported that the American Association of State
Highway and Transportation Officials (AASHTO) had
recognized the use of recycled materials in pavement and
created a new specification titled —Glass Cullet Use for Soil
Aggregate Base Course. The specification illustrates that when
properly processed, glass cullet can be expected to provide
adequate stability and load support for use as road or highway
bases. Crushed glass cullet that has been used as aggregate in
road construction or bituminous concrete pavements is
popularly known as —glassphalt. A number of field trials of
glassphalt pavements have been carried out since 1971. It was
observed that holds heat longer than conventional asphalt.
This may be advantageous when road works are carried out in
cold weather or when long transport distances are required.
Furthermore, the glass particles will increase the reflectivity of
the road surface, therefore, improve the night-time road
visibility.

Pattengil had apparently also found similar effects. The
experimental work of Phillips and Cahn [31] has been taken to
shown that up to 35% glass cullet could be used in concrete in
combination with low alkali cement, without detrimental
effects.
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111. EXPERIMENTAL PROGRAMME
3.1 Materials

Constituent materials used to make concrete can have
a significant influence on the properties of the concrete. The
following sections discuss constituent materials used for
manufacturing of both conventional concrete (CC) and Fly
Ash based Fiber Reinforced Concrete (FFRC). Chemical and
physical properties of the constituent materials are presented
in this section.

3.1.1 Cement

Ordinary Portland Cement 53 grade was used
corresponding to 1S 12269 (1987). The physical properties of
the cement as obtained by the manufacturer are presented in

the Table 3.1.

Table 3.1 Physical Properties of Cement

Physical properties Test result
Specific gravity 315
Finenass (m*/Kg) 3115
MNormal consistency 30%

Initial setting time {min) 20
Final setting tims {min) 220
Soundnass
Lachatalisr Expansion {mm) | 0.8
Autoclave Expansion {35} | 0.01
Comprassive strangth
(WPa)

3 days

7 daws

28 daws

LN

LN

[FER ]
1

3.1.2 Glass Powder

The physical properties of the Glass Powder as
obtained by the manufacturer are presented in the Table 3.2.

Table 3.2 Physical properties of Glass Powder

Water
. Specific | Finsness .
Material eravity | (m*fke) absn:.:phnn
()
Fly Ash 2.6 336 40-80
3.1.3 Coarse aggregate

Crushed granite stones of size 20 mm used as coarse
aggregate. The bulk specific gravity in oven dry condition and
water absorption of the coarse aggregate 20 mm per IS 2386
(Part 111, 1963) are 2.6 and 0.3% respectively. The bulk
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density, impact strength and crushing strength values of 20
mm aggregate are 1580 kg/m3, 17.9% and 22.8% respectively.

3.1.4 Fine aggregate

Natural river sand is used as fine aggregate. The bulk
specific gravity in oven dry condition and water absorption of
the sand as per IS 2386 (Part Ill, 1963) are 2.6 and 1%
respectively. Fineness modulus of sand is 2.26.

315 Water

Generally, water that is suitable for drinking is
satisfactory for use in concrete. When it is suspected that
water may contain sewage, mine water, or wastes from
industrial plants or canneries, it should not be used in concrete

unless tests indicate that it is satisfactory. Water from such
sources should be avoided.

3.2 Test Methods

This section describes the test methods that are used
for testing the hardened properties of concrete.

3.2.1 Compressive strength test

Compressive strength test was conducted on the
cubical specimens for all the mixes at different curing periods
as per IS 516 (1991) shown in fig 3.1. Three cubical
specimens of size 150 mm x 150 mm were cast and tested for
each age and each mix. The compressive strength (f’c) of the
specimen was calculated by dividing the maximum load
applied to the specimen by the cross-sectional area of the
specimen.

Fig.3.1 compressive strength of cubes

3.2.2 Split Tensile Strength
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Splitting tensile strength (STS) test was conducted on
the specimens for all the mixes at different curing periods as
per 1S 5816 (1999). Three cylindrical specimens of size 150
mm x 300 mm were cast and tested for each age and each mix.
The load was applied gradually till the failure of the specimen
occurs. The maximum load applied was then noted. Length
and cross-section of the specimen was measured. The splitting
tensile strength (fc;) was calculated as follows:

fu= 2P/ (171 d)

Where, f, = Splitting tensile strength of concrete (N/mm?)
P = Maximum load applied to the specimen (in Newton)

| = Length of the specimen (in mm)

d = cross-sectional diameter of the specimen (in mm)

Fig.3.2Split Tensile Strength of Cubes
3.2.3 Flexural Strength

Flexural strength test was conducted on the
specimens for all the mixes at different curing periods as per
IS 516 (1991). Three concrete beam specimens of size 100
mm x 100 mm x 500 mm were cast and tested for each age
and each mix. The load was applied gradually till the failure of
the specimen occurs. The maximum load applied was then
noted. The distance between the line of fracture and the near
support ‘a’ was measured. The flexural strength (f;) was
calculated as follows:

When “a’ is greater than 13.3 cm for 10 cm specimen, f,is

Page | 842

ISSN [ONLINE]: 2395-1052
fu=(Px 1)/ (b xd?

When ‘a’ is less than 13.3 cm but greater than 11.0 cm for 10
cm specimen, fis

fo=(@BxPxa)/(bxd?
Where, f,, = Flexural strength of concrete (N/mm?)

P = Maximum load applied to the specimen (in Newton)

b = measured width of the specimen (in mm)

d = measured depth of the specimen at the point of failure (in
mm)

| = Length of the specimen on which the specimen was
supported (in mm)

Fig.3.3 Flexural Strength of Cubes3.3 Mix Design

Table 3.3Mix Proportions of CC & GPC

Fine Class | C°37T™
Cemen | Wate Aggregat
M c N :;lggmgaf fnu’d.e R
3 .3 -
kg'lm mm kg .'I:I]‘.'I.j kg .'Imj {k‘::ﬁm)
CcC 384 202 636 0 1139
GGPC_I 384 202 57124 636 1139
GGPC_E 384 202 508.8 127.2 [ 1139
ﬂGPC_} 384 202 4452 1908 [ 1139

This section describes the proportions of M 25 grade
conventional concrete mix proportions as per 1S 10262 (2009)
and IS 456 (2000) shown in Table 3.3.
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IV. RESULTS AND DISCUSSIONS
4.1 Introduction

In this Chapter, the test results are presented and
discussed. The test results cover the performance of
Conventional Concrete (CC) and Glass Powder blended
Concrete (GPC) at different replacement levels of glass
powder (10%, 20% and 30%). The hardened properties of CC
and GPC viz. compressive strength, split tensile strength and
flexural strength were determined at different curing periods
(7,28 and 56 days).

4.2 Variations in Compressive Strength

The variations in compressive strength values of CC
and GPC at different curing periods are shown in Table 4.1.

The variations in compressive strength values after
curing are represented in fig 4.1.

The average value recorded from compressive
strength tests carried out on specimens cured for 7 days can be
seen below in Figure 4.1. An increasing trend can be
witnessed along with the addition of glass aggregate, until the
maximum compressive strength (13.24 MPa) was developed
at a replacement level of 20%. AIll mixture proportions
containing waste glass to this point exceeded the strength
developed by the control, with the 20% glass mix recording a
compressive strength 20% higher. These findings support
earlier research conducted by Tuncan et al. (2001), where the
compressive strength of concrete after 7 days of curing was
found to increase with the addition of glass, albeit at lower
levels of replacement.

Addition of waste glass beyond the optimum level
resulted in a significant reduction to the level of compressive
strength developed. At a glass replacement level of 30%, the
compressive strength achieved (10.21 MPa) was 8% below the
control and 23% below the maximum recorded value.

The average value recorded from compressive
strength tests carried out on specimens cured for 28 days can
be seen below in Figure 4.1. An increasing trend can be
witnessed along with the addition of glass aggregate, until the
maximum compressive strength (35.29 MPa) was developed
at a replacement level of 20%. AIll mixture proportions
containing waste glass to this point exceeded the strength
developed by the control, with the 20% glass mix recording a
compressive strength 6% higher. These findings support
earlier research conducted by Tuncan et al. (2001), where the
compressive strength of concrete after 28 days of curing was
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found to increase with the addition of glass, albeit at lower
levels of replacement.

Addition of waste glass beyond the optimum level
resulted in a significant reduction to the level of compressive
strength developed. At a glass replacement level of 30%, the
compressive strength achieved (29.58 MPa) was 11% below
the control and 16% below the maximum recorded value.

The average value recorded from compressive
strength tests carried out on specimens cured for 56 days can
be seen below in Figure 4.1. An increasing trend can be
witnessed along with the addition of glass aggregate, until the
maximum compressive strength (36.58 MPa) was developed
at a replacement level of 20%. All mixture proportions
containing waste glass to this point exceeded the strength
developed by the control, with the 20% glass mix recording a
compressive strength 6% higher. These findings support
earlier research conducted by Tuncan et al. (2001), where the
compressive strength of concrete after 56 days of curing was
found to increase with the addition of glass, albeit at lower
levels of replacement.

Addition of waste glass beyond the optimum level
resulted in a significant reduction to the level of compressive
strength developed. At a glass replacement level of 30%, the
compressive strength achieved (30.65 MPa) was 12% below
the control and 17% below the maximum recorded value.

Table 4.1 compressive strength of concrete mixes

Compressive Strength (MPa)
Mix Type

14 days 18 days £6 days
CcC 11.05 3325 3475
GPC_10 12.56 34.52 3519
GPC_20 13.24 3529 36.58
GPC_20 10.21 29 38 30.65

4.2 Variations in Split Tensile Strength

The variations in split tensile strength values of CC
and GPC at different curing periods are shown in Table 4.2.
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Fig 4.1 compressive strength of concrete mixes

The average value recorded from split tensile strength
carried out on specimens cured for 7 days can be seen below
in Figure 4.2. An increasing trend can be witnessed along with
the addition of glass aggregate, until the maximum split tensile
strength (8.36 MPa) was developed at a replacement level of
20%. All mixture proportions containing waste glass to this
point exceeded the strength developed by the control, with the
20% glass mix recording a split tensile strength 8.36% higher.
These findings support earlier research conducted by Tuncan
et al. (2001), where the split tensile strength of concrete after 7
days of curing was found to increase with the addition of
glass, albeit at lower levels of replacement.

Addition of waste glass beyond the optimum level
resulted in a significant reduction to the level of split tensile
strength developed. At a glass replacement level of 30%, the
split tensile strength achieved (3.56 MPa) was 4% below the
control and 11.3% below the maximum recorded value.

The average value recorded from split tensile strength
carried out on specimens cured for 28 days can be seen below
in Figure 4.2. An increasing trend can be witnessed along with
the addition of glass aggregate, until the maximum split tensile
strength (3.49 MPa) was developed at a replacement level of
20%. All mixture proportions containing waste glass to this
point exceeded the strength developed by the control, with the
20% glass mix recording a split tensile strength 8% higher.
These findings support earlier research conducted by Tuncan
et al. (2001), where the split tensile strength of concrete after
28 days of curing was found to increase with the addition of
glass, albeit at lower levels of replacement.
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Addition of waste glass beyond the optimum level
resulted in a significant reduction to the level of split tensile
strength developed. At a glass replacement level of 30%, the
split tensile strength achieved (3.72 MPa) was 2% below the
control and 11% below the maximum recorded value.

The average value recorded from split tensile strength
carried out on specimens cured for 56 days can be seen below
in Figure 4.2. An increasing trend can be witnessed along with
the addition of glass aggregate, until the maximum split tensile
strength (3.72 MPa) was developed at a replacement level of
20%. All mixture proportions containing waste glass to this
point exceeded the strength developed by the control, with the
20% glass mix recording a split tensile strength 9% higher.
These findings support earlier research conducted by Tuncan
et al. (2001), where the split tensile strength of concrete after
56 days of curing was found to increase with the addition of
glass, albeit at lower levels of replacement.

Addition of waste glass beyond the optimum level
resulted in a significant reduction to the level of split tensile
strength developed. At a glass replacement level of 30%, the
split tensile strength achieved (3.30 MPa) was 4% below the
control and 12% below the maximum recorded value.

Table 4.2 split strength of concrete mixes

Mix Type Split Tensile Strength (MPa) _
14 days 18 days 56 days

CC 215 321 347
GPC_10 228 3136 1.56
GPC_10 239 149 3.72
GPC_30 212 315 3.30

_ 4

[ 3 ‘

g 5 mCC

n = N

va 1 B GPC_10

5 =

& 0 GPC_20

[Tt

A= 7 days 28 days 56 days W GPC_30

3

Curing
Fig. 4.2variations in split tensile strength of concrete mixes
4 3Variations in Flexural Strength

The variations in flexural strength values of CC and
GPC at different curing are shown in Table 4.3.

The average value recorded from flexural strength
carried out on specimens cured for 7 days can be seen below
in Figure 4.3. An increasing trend can be witnessed along with
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the addition of glass aggregate, until the maximum flexural
strength (4.28 MPa) was developed at a replacement level of

20%.

Table 4.3 flexural strength of concrete mixes

Flexural Strength (MPa)
Mix Type 14 days 218 days 56 days
CC 323 4.20 4.46
GPC_10 32 438 473
GPC_20 335 443 452
GPC_30 315 412 428

The variations in flexural strength values of CC & GPC after
curing are represented in fig 4.3.

6

(%]

o HCC
&3

= mGPC_10
= 2

P GPC_20
o 1 I
= BGPC_30
m -~

'_E 0

? 7days 28days 56 days

T

Curing

Fig. 4.3variations in flexural strength of concrete mixes

All mixture proportions containing waste glass to this
point exceeded the strength developed by the control, with the
20% glass mix recording a flexural strength 4% higher. These
findings support earlier research conducted by Tuncan et al.
(2001), where the split tensile strength of concrete after 7 days
of curing was found to increase with the addition of glass,
albeit at lower levels of replacement.

Addition of waste glass beyond the optimum level
resulted in a significant reduction to the level of flexural
strength developed. At a glass replacement level of 30%, the
flexural strength achieved (4.75 MPa) was 2.5% below the
control and 6.5% below the maximum recorded value.

The average value recorded from flexural strength
carried out on specimens cured for 28 days can be seen below
in Figure 4.3. An increasing trend can be witnessed along with
the addition of glass aggregate, until the maximum flexural
strength (4.45 MPa) was developed at a replacement level of
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20%. All mixture proportions containing waste glass to this
point exceeded the strength developed by the control, with the
20% glass mix recording a flexural strength 5.6% higher.
These findings support earlier research conducted by Tuncan
et al. (2001), where the split tensile strength of concrete after
28 days of curing was found to increase with the addition of
glass, albeit at lower levels of replacement.

Addition of waste glass beyond the optimum level
resulted in a significant reduction to the level of flexural
strength developed. At a glass replacement level of 30%, the
flexural strength achieved (4.82 MPa) was 2% below the
control and 8% below the maximum recorded value.

The average value recorded from flexural strength
carried out on specimens cured for 56 days can be seen below
in Figure 4.3. An increasing trend can be witnessed along with
the addition of glass aggregate, until the maximum flexural
strength (4.82 MPa) was developed at a replacement level of
20%. All mixture proportions containing waste glass to this
point exceeded the strength developed by the control, with the
20% glass mix recording a flexural strength 9% higher. These
findings support earlier research conducted by Tuncan et al.
(2001), where the split tensile strength of concrete after 56
days of curing was found to increase with the addition of
glass, albeit at lower levels of replacement.

Addition of waste glass beyond the optimum level
resulted in a significant reduction to the level of flexural
strength developed. At a glass replacement level of 30%, the
flexural strength achieved (4.28 MPa) was 4% below the
control and 12% below the maximum recorded value.

V.CONCLUSION

This chapter summarizes the overall conclusions
drawn from the investigation

of concrete using glass powder (sand replaced glass powder).

1. The optimum percentage replacement of sand with
fine glass powder was determined to be 20%.

2. Compressive strength was found to increase with the
addition of waste glass to the mix up until the
optimum level of replacement. This can be attributed
to the angular nature of the glass particles facilitating
increased bonding with the cement paste.

3. In proportions exceeding 20%, waste glass was found
to negatively impact the development of compressive
strength. It is suggested that in larger quantities, the
angular nature of the glass aggregate reduces
available cement paste and leads to the formation of
microscopic voids within the concrete matrix.
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