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Abstract- 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.

Now in the present study we are replacing the cement
by waste glass powder partially, main constituent of all type
glass is silica (SiO,) as large size particle of glass used as the
coarse and fine aggregates in concrete but in coarse
aggregate replacement has been found to be non-satisfactory
because of alkali-silica reaction (ASR). To minimize the ASR
which is hazardous to concrete, we used very fine glass
powder less than 100um.

So, In present study we are going to focus on use of
glass powder (90 um) as a partial replacement for cement in
concrete.

Keywords- waste glass powder, alkali-silica reaction, cement
concrete etc.

I. INTRODUCTION

Concrete is a blend of cement, sand, coarse aggregate
and water. The key factor that adds value to concrete is that it
can be designed to withstand harshest environments
significant role. Today global warming and environmental
devastation have become manifest harms in recent years,
concern about environmental issues, and a changeover from
the mass-waste, mass-consumption, mass-production society
of the past to a zero-emanation society is now viewed as
significant. Normally glass does not harm the environment in
any way because it does not give off pollutants, but it can
harm humans as well as animals, if not dealt carefully and it is
less friendly to environment because it is non-biodegradable.
Thus, the development of new technologies has been required.
The term glass contains several chemical diversities including
soda-lime silicate glass, alkali-silicate glass and boro-silicate
glass. To date, these types of glasses glass powder have been
widely used in cement and aggregate mixture as pozzolana for
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civil works. 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.

In 2005, approximatelyl12.8 million tons of waste
glass were disposed in the United States, while only 2.75
million tons were recycled. The remaining waste glass was
land-filled at tremendous cost to individual corporations and
municipalities. With the number of land-fills in the United
States decreasing nearly 80% since 1988, the need to recycle
and reuse waste materials like glass is imperative. The efforts
to use such non-conventional materials which are typically of
local or regional origin in concrete will get a boost if there are
systematic and comprehensive studies to quantify the
performance of concretes containing such materials.

A number of previous studies have examined the use
of waste glass in concrete. The use of waste glass as an
aggregate replacement, inert filler, or partial cement
replacement has been investigated. Increasing amounts of
waste glass as coarse aggregates in concrete shave been
reported to decrease the mechanical properties, primarily
because of a weak interface. Also, larger particle sizes of glass
(greater than 1.2-1.5 mm) are found to facilitate alkali-silica
reaction (ASR) in concretes. Thus, when using ground glass or
glass powder in cementitious systems, the particle size is not
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conducive for ASR to occur, but the potential of high alkali
content of glass powder to cause deleterious expansions need
to be accounted for. The pozzolanic properties of glass
powders also have been explored in some studies. Glass is
amorphous material with high silica content, thus making it
potentially pozzolanic when particle size is less than 75um. In
the recent, various attempts and research have been made to
use ground glass as a replacement to conventional ingredients
in concrete production as a part of green house management.
A major concern regarding the use of glass in concrete is the
chemical reaction that takes place between the silica — rich
glass particle and the alkali in pore solution of concrete, which
is called Alkali — Silica reaction (ASR) can be very
detrimental to the stability of concrete, unless appropriate
precautions are taken to minimize its effects. ASR can be
prevented or reduced by adding mineral admixtures in the
concrete mixture, common mineral admixtures used to
minimize ASR are pulverized fuel ash (PFA), silica fume(SF)
and met kaolin (MK). The fact that glass has high silica
content has led to laboratory studies on its feasibility as a raw
material in cement manufacture. The use of finely divided
glass powder as a cement replacement material has yielded
positive results.

I1. EXPERIMENTAL DETAILS
Materials
A. Cement:

Among the chemical constituents of cement, the
most important ones are C3A, C3S and C,S. The C;A portion
of cement hydrates more rapidly, thereby reducing the
workability of fresh concrete. It also adsorbs the chemical
admixtures quickly which leads to reduction in availability of
those admixtures for comparatively slower setting components
of cement viz., C,S and C;3S. This further affects the
workability of fresh concrete and also its rate of retention of
workability. Concrete is mixture of cement, aggregate, water
etc. which are economically available. Ordinary Portland
cement of 53 grade confirming 1IS: 12269-1987 was used
throughout the work.

Cement used and tested in laboratory and its results are as
follows;
Brand Name : Ultra tech Cement 53 Grade
O.p.C.

Conforming IS Codes :  IS: 12269-1987
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Table 3.1 - Physical properties of Cement

Sr. e Az per IS
No. Deescription of Test Results 17769-1987
01 Spacific pravity 3.15 3.15
2 | Standard consistency of cement | 31 %% 30-35 mm
Satting time of cameant
03 a) Initial setting time 112 min
= 30 min
b} Final setting tims 238 min
< 600 min

B. Fine Aggregate (Sand):

River sand is used as a fine aggregate. Among
various characteristics the most important one for FAC is its
grading. Coarser sand may be preferred as finer sand increases
the water demand of concrete and very fine sand may not be
essential in FAC as it usually has larger content of fine
particles in the form of cement and mineral admixtures such as
fly ash, silica fume etc.

After reviewing all above requirements, locally
available sand, from Bhima river, is used as fine aggregate, it
confirms to zone Il of IS 383-1983 and, other necessary
properties

Table 2.1: Specific gravity of fine aggregate (Sand)

Sr. No. | Particulars Sample
1 Wt of surface drv age. (W) 0.200

2 Wt of pyve. +age. + Water {W5) 3.036

3 Wt. of pyve. + Watar {W3) 2772

4 Wt. of owen dried sampls {Wy) 0434

5 Sp. Gravity = G=Wy/ [ W - (W2.W3) 262

C. Coarse Aggregate:

The properties such as moisture content, water
absorption, etc., would help in adjusting the quantity of
mixing water for the FAC mix. The strength properties of CA
such as Aggregate Abrasion value, Aggregate Impact value,
Compressive strength, Aggregate Crushing value (10% fine
value) etc. would determine the limits of strength of FAC
which can be achieved with a given aggregate and these limits
need to be investigated for creating database for rational
design of FAC.

Locally available crushed stone aggregates with size

5mm to 12.5 mm and of maximum size 12.5 mm are used. The
test results are as follows-:
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Table 2.2: Specific gravity of coarse aggregate

Sr. No. | Particulars Sample
1 Wt. of surface dry age. (W) {.502

2 Wit. of pve. +age. + Water (W5) 3.054

3 Wt. of pve. + Water {W3) 2,722
4 Wt. of oven dried sampls (W) 0.497

5 8p. Gravity =G=W,/[ W, - (W.. W) | 2.67

D. Glass powder:

Waste glass available locally in area is been collected
and made into glass powder. Glass waste is very hard material.
Before adding glass powder in the concrete it has to be
powdered to desired size. In this studies glass powder ground
in ball for a period of 30 to 60 minutes resulted in particle
sizes less than size 90um and sieved in 75um. The physical,
chemical properties and chemical composition are presented in
the table

Table 2.3: Physical Properties of Glass Powder

Sr. No. Physical Properties of Glass Powder
1 Specific pravity 26
2 Finsness Passing 130pm 995
3 Fineness Passing 90pum 98

Table 2.4: Chemical Properties of Glass Powder

Sr. No. Chemical Properties of Glass Powder
1 Fh 10.25
2 Colour Gravish Whits
E. Fly Ash :

Fly ash are used as partial replacement to cement.
The physical and chemical properties are mentioned below in
table
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Table 2.5: Table Physical And Chemical properties of Fly

Ash.
Test . LS.
No. Test Unit Specification
Finsnass by
1 Blaina's air M Ee 320
parmeaability
2 23 Micron Rasidus Yo Mot Specifisd
3 45 Micron Rasidus % 4
4 Lims Reactivity :m 45
3 Moisture Content Yo 24
6 Autoclave 5 08
Expansion ’ '
Comprassive
- strangth at 28 daws 5 &0
' %o of plain cemant o
mortar
g Loss on Ignition Yo 3
F. Water:

Water plays an important role in concrete as the
addition of water in cement paste the hydration reaction start.
The water used in the concrete should be portable. When
water mix with cement paste forms and cement paste bound
the other ingredients of concrete. The C-S-H gel binds the
other ingredients of concrete.

As per IS 456-2000 water used for the mixing and
curing shall be clean and free from injuries amounts of oils,
alkalis, salts, sugars, organic materials or other substances that
may deleterious to concrete or steel. In this work, available tap
water is used for concreting.

I11. MIXTURE PROPORTIONING (CONCRETE MIX
DESIGN)

Grade of Concrete : M30

Characteristic Strength (Fck) : 30Mpa

Standard Deviation : 1.91Mpa*

Target Mean Strength : T.M.S.= Fck +1.65 x S.D.
(from 1.S 456-2000) = 30 + 1.65x1.91= 38.15Mpa

Table 2.6: Contents in 1m3(kg/m°)

Cement Wi Water Sand I0mm 10mm
400 0.43 172 613 619 364
1 043 16 1.547 136

Cement: Sand: Coarse Aggregates=1:1.6: 2.907
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Table 4.2: Concrete Mixtures With Different Proportions Of
GP And Fly Ash

EDI:E}REF.TE MATERIAL %
CEMENT PE%;SS‘ER FLY ASH
A 100 1] Ly
E g5 3 10
C g0 10 10
D 75 15 10
E 70 0 10
F 65 25 10
G 60 30 10

IV. RESULT AND DISCUSSION
A. Compression strength test
The variation of Compressive strength with respect to
replacement of cement with% Glass Powder is shown in the
table and graph. The samples were cured for respective test

time and then tested for 7 days, 28 days.

Table 5.3 — Compressive strength test results

Concret
%0 Glass R
e Mix Compressive Strength N/mm?
) Powder
No.
7 28 56 o0
Days | Days Days | Days
A 0 3177 | 37101 | 3836 | 3877
E 3 3214 | 3818 | 3342 | 3841
C 10 33.17 | 3847 | 3889 | 3927
D 15 3372 | 3911 | 3947 | 4007
E 20 3018 | 3312 [ 3378 | 3416
F 23 2892 | 3244 | 3261 | 3297
G 30 2726 | 3123 | 3133 | 3193
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Compressive strength at 7, 28, 56 & 90 days

M Compressiv

45 e strength
40 at7 days
-
£ 35 W Compressiv
5 30 - e strength
< at28 days
o 25 -
-
5 20 - . m Compressiv
= e strength
g 15 ~ at 56 days
o
U 10 +

W Compressiv
e strength
at 90 days

0 T T
0 5

10 15 20 25 30

%% Glass Powder

Figure 5.7: Compressive Strength (7,28,56 & 90 days) Vs. %
Replacement of cement with glass powder

B. Split tensile test
The variation of split tensile strength with respect to
replacement of cement with glass powder is shown in table

and graph.

Table 5.5: Split tensile test results

Split tensile tf]?;li;e t:li:e
Mix | % Glass | strength at strength at | strength at
No. | powder 28 days 26d 904
(N/mm?) 6 days 0 days
(Nimm*) | (N/mm?)
A 1] 397 422 467
B 3 401 436 478
C 10 407 44 4385
D 13 412 443 430
E 20 ERS1 416 461
F 23 367 i 443
G 30 335 in 434
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Split Tensile Strength at 28, 56 and 90 days
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Figure 5.11: Split tensile strength (28, 56 & 90 days) Vs. %
Replacement of cement with glass powder

C. Flexural strength test

The variation of flexural strength with respect to
replacement of cement with glass powder is shown in table

and graph.
Table 5.6: Flexural strength test results
% Flexural Flexural Flexural
Mix Class strength at | strength at | strength
No. owder 28 days 56 days at 90 days
P (Nmm?) | (Nmm?) | (Nmm?)
A 0 436 445 460
B 5 42 427 44
C 10 403 411 42
D 13 EXY 404 400
E 20 382 ERY 402
F 23 375 381 395
G 30 331 347 379
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Figure 5.15: Flexural strength (28, 56 & 90 days) Vs. %
Replacement of cement with glass powder

V. CONCLUSIONS

Workability of concrete goes on decreasing as the
percentage of Glass powder increases.

Compaction Factor of concrete goes on decreasing as the
percentage of Glass powder increases.

Average compressive strength is increased up to 8.96% at
7 days for mix D, up to 5.05% at 28 days for mix D, up to
4.62% at 56 days for mix D and up to 4.52 at 90 days for
mix D. It is also observed that the average compressive
strength is highest for 15 % of replacement at 7, 28, 56 &
90 days.

Split tensile strength goes on increasing up to 5.05% for
28 days, up to 6.52% for 56 days & up to 6.00% for 90
days. It is also observed that there is decrease in the
strength beyond mix D for 28 days, 56 days and 90 days.
It is observed that there is decrease in flexural strength in
initial replacement of 5% and 10%. The strength is
increased at replacement of 15 % and 20% glass powder
for 28 days and 56 days beyond which strength is
decreased again. For 90 days it is observed that only 15 %
glass powder has increased the flexural strength test of the
replacements show a fall in strength compared to
reference mix.
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