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ABSTRACT- The common assets (aggregate and
cement) for the concrete business are un-existent, the
examination is to research the chance of utilizing glass
powder in concrete as incomplete concrete substitution and
doesn't adversely influence the properties of the
subsequent cement. Furthermore, the natural advantages of
the disposal of the waste glass from the landfill is another
objective. Requirement for elective assets is indispensable.
The reusing of waste comprises a positive path for the solid
business as elective materials to supplant concrete and
totals. The fundamental goal of this exploration is to
examine the chance of utilizing glass squander powder in
concrete as incomplete concrete substitution and doesn't
contrarily influence the properties of the subsequent
cement. Likewise, the natural advantages of the end of the
waste glass from the landfill is another objective.
Numerous endeavors have been made to utilize squander
glass in concrete industry as a substitution of coarse
aggregate, fine aggregate, and cement. Its exhibition as a
coarse aggregate substitution has been discovered to be
non-palatable due to quality relapse and development
because of soluble base silica response. The exploration
shows that there is quality misfortune because of fine
aggregate replacement too.

In the research, cement was replaced by glass waste
powder in the range of 0% to 30% by weight.

The solid blends were created, tried and looked at
regarding workability, thickness, ingestion, and
mechanical tests. Another blending strategy was utilized in
blending concrete in with glass powder to improve its
effectiveness, which the glass powder was broken up in
water before adding to cement and aggregate. The impact
of various restoring temperatures (23°C, 40°C ) at ages ( 7,
28,52 days) was likewise concentrated on mechanical
properties and strength of cement containing glass powder.
The present study shows that waste glass if ground finer
than 100um shows a pozzolanic behavior.

The vyield results acquired from this research center
program demonstrated that the functionality of cement
increased as the glass powder substitution increased
because of the presence of all the more free water in the
structure, which prompted having lower thickness and
higher water assimilation. Afterward, following 28 days,

the most noteworthy compressive strength was gotten for
the 30% Glass powder.

Finally, this research has attempted to provide an
interesting approach to introducing glass powder as a
cement replacement in concrete, aiming to improve the
pozzolanic activity. The Experimental results for the new
mixing method verified the feasibility of this approach.

KEYWORDS- Waste glass; Recycling; Supplementary
cementitious material; Environment; Sustainability.

I. INTRODUCTION

It is notable that cement is the central constituent that
makes concrete, however, the assembling of Portland
concrete has a fundamental negative effect, which creation
of one ton of Portland cement clinker make around one ton
of carbon dioxide and other ozone depleting substances
(GHGS)[1]. Thus the discharge of this note worthy
measure of carbon dioxide ought to be reduced by a
reasonable advancement arrangement inside the cement
and concrete industry [2]. Regularly glass doesn't hurt the
climate in any capacity since it doesn't radiate poisons, yet
it can hurt people just as creatures if not managed
cautiously and it is less agreeable to climate since it is non-
biodegradable [3]. In this manner, the advancement of new
innovations has been required. The term glass contains a
few substance varieties including soda lime silicate glass,
alkali-silicate glass and borosilicate Until now, these kinds
of glass powder have been broadly utilized in cement and
aggregate blend as pozzolana for civil works [4]. The
presentation of waste glass in concrete will expand the
alkali substance in the cement. It likewise helps in blocks
and ceramic manufacture and it preserves crude materials,
diminishes energy utilization and volume of waste shipped
off landfill [5]. As valuable reused materials, glasses and
glass powder are essentially utilized in fields identified
with structural designing, for instance, 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 [6]. Therefore, it is considered ideal for
recycling. Meanwhile, concrete is the most commonly
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used building material in the world (the world’s production
in 2012 amounted to 7 million m3 per year, i.e., three
times more than wood and seven times more than steel
per year) [7]. According to industry statistics published
in  The Global Cement Report, 13th Edition , the
consumption of cement in the world increased by 2.8%
percent to 4.08 million tones in 2019 [8]. Therefore, there
is a need to look for materials as a replacement for cement
or aggregate. Recycled materials are used to limited energy
consumption by the concrete industry and the production
of concrete as an environmentally friendly material [9].
However, review study showed that previous studies with
glass addition were not conclusive considering workability
and strength while the chloride resistance of glass added
concrete was found to be similar with control
condition[10]. This research examined the potential of
waste glass powder to produce sustainable concrete.
Experimental work was carried out on the performance of
glass in mortar and concrete[11]. Mortar samples were
prepared to evaluate the flow and strength properties [12].
Further more, compressive strength of concrete cube
samples were also determined by crushing it. In addition,
the study discussed the packing and pozzolanic effect of
glass by using superplasticizer in selected mortar
samples[13].

I1. OBJECTIVE OF STUDY

The obective of the study is to increase the workability and
comressive strength of the concrete. By this we can also
control the environmental pollution, produce ow cost

concrete, economical and profitabe substitute to landfills,
incinerator.

IHl. MATERIALS

The materials used in this work are glass powder, ordinary
Portland cement, fine and course aggregates.

A. Glass Powder

The glass powder used in the present study is brought from
Indian market. This material replaces the cement in mix
proportion. Sample of glass powder shown below in fig.1
Particle size distribution graph and XRD analysis of glass
powder were done and shown in Fig.2 and Fig.3
respectively.
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Figure 2: Particle size distribution of glass powder
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Figure 3: XRD Analysis of glass powder

table 1 presents the chemical analysis of the pozzolanic

B. Ordinary Portland Cement cement used in this study.

The OPC(43 grade) used in the present work is of Ultratech
brand. This is used as main binder in the mixes [14]. The

Table 1: Chemical Properties of Cement And Glass Powder

Composition Cement (%) GP (%)
Si02 38.06 64.32
AI203 8.88 2.90
Fe203 2.83 -

Ca0 40.92 18.18

S03 2.33 -

MgO 1.59 -

Na20 1.75 13.03

K20 1.62 153

C. Fine Aggregate

Naturally available sand from 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 2. As per 1S383 the sand falls under zone2.
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Table 2: Sieve Analysis of Sand

Sieve size (mm) Aggregate wt. %Wt. Cumulative % Wit. 100-cumulative %
retained (Kg) retained retained passing

4.25 0.039 3.9 3.9 96.1

2.36 0.27 2.7 6.6 93.4

1.18 0.088 8.8 154 84.6

0.6 0.176 17.6 33 67

0.3 0.416 41.6 74.6 25.4

0.15 0.234 234 98 2

Pan 014 14 99.4 0.6

D. Coarse Aggregate

The coarse aggregate, available in structural engineering
lab of the civil engineering department. The sieve analysis

of 20mm and 10mm down size is shown in Fig.4.
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Figure 4: Sieve Analysis of Coarse aggregate

Table 3 represents the physical characteristics of Material

Table 3: Physical Characteristics of Materials

== 10 mm
i~ 20 mm

Description Specific gravity
Cement (OPC) 3.09
Glass Powder 3.01
Coarse Aggregate 2.9
Fine Aggregate 2.62
Water 1
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IV. METHODOLOGY

A design mix of M30 was received for the current
investigation. The primary blend MCL1 is control blend
having just cement as blinder [15]. The MCG arrangement
had glass powder as substitution of cement. The
compressive strength test were led to screen the quality
improvement of concrete containing 0% to 30% of these
pozzolana as cement substitution [16-17]. The molecule
size impact of glass powder concentrated by utilizing glass
powder of size (150-100)p and (50-100)u. Capillary
absorption test is led to consider the impact of alkali
aggregate reactions. The tests were conducted in series
[18-20]. Eleven numbers of standard cubes (150x150x150
mm) were cast to measure the compressive strength after
07 days and 28 days. Two cube were retained to measure
capillary absorption after 07 days and 28 days respectively.
To study the characteristics following tests were conducted

» Normal Consistency test

» Compressive Strength test
» Capillary Absortion test

e Slump test

V. RESULT AND DISCUSSION

A. Normal Consistency of Binder Mixes was Tabulated
Below

Normal consistency of different binder mixes determined
by using the procedure referring to IS 4031: part 4(1988):
Fig. 5 shows the apparatus for Normal consistency.

300 gram of sample coarser than 150y sieve is taken.
Approximate percentage of water added to sample and
mixed methodically for 2-3 minutes.

After applying oil to the surface of mould, paste was filled
in the vicat’s mould and was placed under the needle of
vicat’s apparatus.

Release quickly the needle allowing it to sink in the paste
and note down the penetration reading when the needle
becomes stable.

If the penetration reading is less than 5 to 7 mm, prepare
the paste again with more water and repeat the above
procedure until the needle penetrates to a depth of 5 to
7mm.

The percentage of the water with which the above situation
is satisfied is called normal consistency.

Figure 5: Normal consistency equipment

B. Workability Of Concrete

The final output results for different sample groups
regarding slump values for fresh concrete are listed in table
.The slump test was also conducted after 15 minutes to
measure the slump loss from the time of original batching.
The values of slump test are given in Table 4.

Table 4: Value of slump test Slump Test

Slump Test
GP Group At 0 min At 15 min
0% Il cm 09 cm
15 % 14 cm 12 cm
20% 17 cm 16 cm
25% 19 cm 17 cm
30% 20 cm 18 cm

The results show that workability increases gradually by
the increase of glass powder.

C. Compressive strength

For each series, five-set were cast to determine
compressive strength. Each set comprises of eleven
standard cubes out of which nine cubes were cast to
measure the compressive strength after 07 days and 28
days. The size of the cube is as per the IS code 10086 —
1982. Fig. 6 shows the Testing of cube:

Figure 6: Testing Cube

The results of compressive strength testing of laboratory-
cured cubes are presented below for First series with 30%
cement replacement, Second series with 25% cement
replacement third series 20% and fourth series 15%
respectively. The strength values reported are the average
of three test results. Fig. 7 shows the compressive strength
of mortar specimen without admixture & Fig. 8 shows the
graphical representation.
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Figure 7: Compressive strength of mortar specimen without admixture
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VI. EFFECT OF ADMIXTURE ON COMPRESSIVE
STRENGTH

Admixture on compressive strengths of glass added
mortars (0-30% addition) at various ages. Early age i.e. in
7 and 14 days compressive strength of mortar specimens,
which clearly depicts the positive effect of admixture on
compressive strength of mortar. Though the trend of
compressive strength was decreasing with the addition of
glass powder, use of admixture always gave higher
compressive strength at early ages. For control mortars
adding 1% admixture dose gave compressive strength as
high as 43% and 35% at 7 and 14 days, respectively. With
the addition of glass the difference in compressive strength
became lower at these ages. This indicates that the super
plasticizing effect on ground glass is lower compared to
the Portland cement as cement starts diluting and reacting
as soon as water is added to the mix but glass requires a
longer period to start pozzolanic reaction. Similar trends

were obtained among the compressive strengths at 28, 56
and 90 days . The effect of admixture became less
significant than previous ages. However, a different
behavior was noted for control concrete compared to the
glass added concrete. With the increase in glass content the
difference between compressive strengths decreased and
the difference was almost eliminated at 30% replacement
level. This indicates progression of pozzolanic reaction at
this age as the compressive strength is the combined effect
of packing (compaction), cement hydration and pozzolanic
reaction. At earlier ages very little/no pozzolanic reaction
occurs and thus only effect of superplasticizer are visible
and the packing effect gave higher compressive strength of
mortar. The effects of admixtures at 180 and 365 days are
similar to those of early age effects The effect of admixture
and therefore, difference in compressive strength was
within a narrow band of 14-20% at 180 days and that was
16— 21% at 365 days. It is expected that pozzolanic
reaction would mostly occur in between 28 and 91 days.
Therefore, only the effect of admixture, i.e. packing is
visible again at latter ages (180 and 365 days)

VIlI. CONCLUSION

Waste glass, if ground finer than 100pm shows a
pozzolanic behavior.The smaller particle size of the glass
powder has higher activity with lime resulting in higher
compressive strength in the concrete mix. Compared to fly
ash concrete, finer glass powder concrete had slightly
higher early strength as well as late as strength. The
coefficient of capillary absorption test also indicates that
incorporation of finer glass powder improves durability.
Glass powder of size 150pm - 100um exhibit initiation of
alkali-aggregate reaction. The presence of ettringite
confirms this. The results obtained from the present study
shows that there is great potential for the utilization of best
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glass powder in concrete as replacement of cement. The
fine glass powder can be used as a replacement for
expensive materials like silica fume and fly ash. It can be
concluded that 30% of glass powder of size less than
100pm could be included as cement replacement in
concrete without any unfavorable effect.
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