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ABSTRACT: In a growing country like India a huge
amount of industrial waste are polluting the
environmental. With a view to the above, this study aims
at utilization of such industrial by product for value added
application. In addition the waste can improve the
properties of construction materials. The recycled glass
has been used in the form of powder. The glass powder
was tested with concrete and mortar. Cement was
replaced by the glass powder in the proportion of 0%, 5%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%
and 60% for M25 grade and M30 grade of concrete with
0.5 and 0.44 water-cement ratios respectively. The
compressive strength, split tensile strength, consistency
and flexural strength were conducted for the above
replacements. The result showed glass powder improves
the mechanical properties. The advantages of this project
are that the replacement of glass powder is economically

cheap as well as a superior concrete can be made.

INTRODUCTION

Concrete is one of the world’s most used construction
material due to its versatility, durability and
economy. India uses about 7.3 million cubic meters
of ready-mixed concrete each year. It finds
application in highways, streets, bridges, high-rise
buildings, dams etc. Green house gas like CO, leads
to global warming and it contributes to about 65% of

global warming. The global cement industry emits

about 7% of green house gas to the atmosphere. To
reduce this environmental impact alternative binders

are introduced to make concrete.

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.
Glass Powder

e Glass is an amorphous (non-crystalline) that in
essence, a super cooled liquid and not a solid.
Glass can be made with excellent homogeneity
in a variety of forms and sizes from small fibers

to meter-sizes pieces.
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e Primarily glass is made up of sand, soda ash,
limestone and other additives (Iron, Chromium,
Alumina, Lead and Cobalt).

e Glass has been wused as aggregates in
construction of road, building and masonry
materials

Source of Glass
» Sand is filtered through three different size
screens having three different sizes.
» The finest sand makes the finest glass the
largest sand makes the strongest glass.

» Sand is melted in crucible to make glass.

Source of Waste Glass

Y

Glass food and beverages container.
Window repair shops

Glass decorative items

Old tube lights, electric bulbs

Glass polishing and glass window and door

manufacturing shop

Objective of the project

Experiments were conducted on concrete prepared by
partial replacement of cement by waste glass powder
of particle size 600 micron and downwards.

The main objective of this investigation was to
evaluate the effect of waste glass powder on the
compressive strength and the other properties of
concrete and to evaluate the possibility of using glass
powder in concrete without sacrificing the strength.
The following were also considered.

» Partial substitute for the ordinary Portland
cement
» To investigate the structural behavior of

such replaced concrete components
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» To determine the percentage of glass powder
which gives maximum strength when

compared to control concrete.
LITERATURE REVIEW

Shilpa Raju, Dr. P. R. Kumar presented the global
warming is caused by the emission of green house
gases, such as CO2, to the atmosphere. Among the
greenhouse gases, CO2 contributes about 65% of
global warming. The global cement industry
contributes about 7% of greenhouse gas emission to
the earth’s atmosphere. Consequently efforts have
been made in the concrete industry to use waste
materials as partial replacement of coarse or fine
aggregates and cement. Waste glass is one materials
when ground to a very fine powder shows pozzolanic
properties which can be used as a partial replacement
for cement in concrete. In this paper, an attempt has
been made to find out the strength of concrete
containing waste glass powder as a partial
replacement of cement for concrete. Cement
replacement by glass powder in the range 5% to 40%
increment of 5% has been studied. It was tested for
compressive strength and flexural strength at the age
of 7, 28 and 90 days and compared with those of
conventional concrete. Results showed that
replacement of 20% cement by glass powder was
found to have higher strength. Also alkalinity test
was done to find out resistance to corrosion.

J.M. Khatib, E.M. Negim, H.S. Sohl and N.
Chileshe were presented in this paper investigates the
performance of concrete containing glass powderas
partial substitution of cement. Portland cement (PC)
was partially replaced with 0-40% glass powder.
Testing included ultrasonic  pulse velocity,
compressive strength and absorption. Specimens
were cured in water at 20°C. The results indicate that
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the maximum strength of concrete occurs at around
10% glass powder. Beyond 10% glass powder the
strength of concrete reduces and is lower than that of

the control.

Using ground glass powder can reduce the use of
cement and the associated energy demend and impact
on air pollution and CO, emission. The slump of
concrete seems to increase with the increase in glass
powder in the concrete mix. At 10% glass powder
content the compressive strength of concrete is higher

than that of substantially decreases.

Gunalaan Vasudevan, Seri Ganis Kanapathy
pillay were presented in this study was conducted to
investigate the effect of using waste glass powder in
concrete. Laboratory work was conducted to
determine the performance of control sample and
concrete with used waste glass powder. The
performance of these types of concrete was
determined by the workability test, density test and
compressive strength test. The workability of
concrete is determined using slump test and
compacting factor test. Meanwhile, compressive
strength test is done to determine the strength of
concrete. For each type of concrete, a total of six
150mm x 150mm x 150mm cubes were cast. The
cubes were tested at the ages of 7, 14 and 28 days to
study the development of compressive strength. The
results indicate that the concrete with using waste
glass powder were able to increase the workability of
concrete and also the compressive strength. However,
the density is reduced compare to standard mixture of

concrete.

Dhanaraj mohan patil , Dr. Keshav , K.Sangle
were explained the concrete is a construction material
composed of cement, aggregates (fine and coarse
aggregates) water and admixtures. Today many
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researches are ongoing into the use of Portland
cement replacements, using many waste materials
like pulverized fly ash (PFA) and ground granulated
blast furnace slag (GGBS). Like PFA and GGBS a
waste glass powder (GLP) is also used as a binder
with partial replacement of cement which take some
part of reaction at the time of hydration, also it is act
as a filler material. In this study, waste glass powders
have been used as replacements to the concrete
ingredient i.e. cement and the mechanical properties
like compressive strength are measured. Also we
were studied the size effect of glass powder on
strength of concrete. For checking strength effect of
replacement of cement by glass powder, the cement
is replaced at 10%, 20% and 30%. For study of size
effect of glass powder the powder is divided in to two
grades one is glass powder having size less than 90
micron and another is glass powder having particle
size ranges from 90 micron to 150 micron. It is found
from study, Initial strength gain is very less due to
addition of GLP on 7th day but it increases on the
28th day. It is found that 20% addition of GLP gives
higher strength. And also GLP size less than 90

micron is very effective in enhancement of strength.

MIX DESIGN

Final Quantities of all materials for M25 grade of
concrete

Materidl | Cement | Glasss | FA CA | Water | admixture

pawder

(3]

Proportion | | - l 03 % of

cement

Quantities | 4bags | 80kgs | 270kgs | 340kgs | 133liters | 2.66%iters
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Final Quantities of all materials for M30 grade of
concrete

Material | Cement | Glass  |FA CA Water | admixture
powder

Proportion 1 - 138 | 223 0.44 1% of

cement

Quantities | 3bags | 67kgs | 350kgs | 495kgs | 98liters | 2.22liters

MATERIALS AND PROPERTIES

Basically concrete is a versatile engineering material
which can be mould in to wide verities of shapes
when in wet condition. Concrete is a mixture of
cement, fine aggregates, coarse aggregates, water,
and admixture (if any). The red mud concrete is a
mixture of cement, fine aggregates, coarse

aggregates, water.
Cement

Cement is one of the binding materials in this project.
Cement is the important building material in today’s
construction world 53 grade Ordinary Portland
Cement (OPC) conforming to ([17] IS: 8112-1989).
Table 3.1 gives the properties of cement used.

Cement is a binder, a substance used in construction
that sets and hardens and can bind other materials
together. The most important types of cement are
used as a component in the production of mortar in
masonry, and of concrete, which is a combination of
cement and an aggregate to form a strong building
material.

Cements used in construction can be characterized as
being either hydraulic or non-hydraulic, depending
upon the ability of the cement to set in the presence
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of water (see hydraulic and non-hydraulic lime
plaster).

Non-hydraulic cement will not set in wet conditions
or underwater; rather, it sets as it dries and reacts
with carbon dioxide in the air. It can be attacked by
some aggressive chemicals after setting.

The chemical reaction results in mineral hydrates that
are not very water-soluble and so are quite durable in
water and safe from chemical attack. This allows
setting in wet condition or underwater and further
protects the hardened material from chemical attack.

Cement

Fine aggregate

It is the aggregate most of which passes 4.75 mm 1S
sieve and contains only so much coarser as is
permitted by specification. According to source fine
aggregate may be described as:

1. Natural Sand- it is the aggregate resulting
from the natural disintegration of rock and
which has been deposited by streams or glacial
agencies

2. Crushed Stone Sand- it is the fine aggregate
produced by crushing hard stone.

3. Crushed Gravel Sand- it is the fine aggregate
produced by crushing natural gravel.
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According to size the fine aggregate may be
described as coarse sand, medium sand and fine sand.
IS specifications classify the fine aggregate into four
types according to its grading as fine aggregate of
grading Zone-1 to grading Zone-4. The four grading
zones

Crushed aggregate is a maximum size of 20 mm and
normal grading. The specific gravity of the coarse
aggregates of 2.73 was used. The sieve analysis of

Fine aggregate

Become progressively finer from grading Zone-1
to grading Zone-4. 90% to 100% of the fine
aggregate passes 4.75 mm IS sieve and 0 to 15%
passes 150 micron IS sieve depending upon its
grading zone.

Coarse aggregate:

It is the aggregate most of which is retained on 4.75
mm 1S sieve and contains only so much finer material
as is permitted by specification. According to source,
coarse aggregate may be described as:

1. Uncrushed Gravel or Stone- it results from
natural disintegration of rock
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2. Crushed Gravel or Stone- it results from
crushing of gravel or hard stone.

3. Partially Crushed Gravel or Stone- it is a
product of the blending of the above two
aggregate.

According to size coarse aggregate is described as
graded aggregate of its nominal size i.e. 40 mm, 20
mm, 16 mm and 12.5 mm etc. for example a graded
aggregate of nominal size 20 mm means an aggregate
most of which passes 20 mm IS sieve.

A coarse aggregate which has the sizes of particles
mainly belonging to a single sieve size is known as
single size aggregate. For example 20 mm single size
aggregate mean an aggregate most of which passes
20 mm IS sieve and its major portion is retained on

10 mm IS sieve.

Coarse aggregates

GLASS POWDER:

Glass is an amorphous & transparent material, which
is super-cooled liquid and not a solid. Glass can be
made verity of forms and sizes from small fiber to
meter-sizes pieces. Primarily glass is produced by
melting a mixture of materials such as silica, CaCO3,
and soda ash at high temperature followed by cooling
during which solidification  occurs  without
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crystallization. Glass has been used as aggregates in done with accordance to ASTMC-192. The batching
road construction, masonry and building materials. procedure was as follows:

Before adding glass powder in the concrete it has to

be powdered to wanted size. Glass powder is 1) Add coarse, fine aggregate mixing for about 2-3

obtained from Crushing of glass Pieces. A Glass minutes.

powder can be used as cement replacement material 2) Add cement than mixing for about 1-2 minutes.

3) Add approximately two-thirds of water slowly

upto particle size less than 90um.

and mix for 2-3minutes.
4) Add fiber with water than mixing for 2-3
minutes.

Glass powder

CONCRETE SPECIMENS MAKING

Materials mixing process

Preparation of Materials

All the materials were proportioned by weight to give Test to be conducted on the specimens:
the required ratios of water to cement (w/c) Compressive strength

e 7 days specimens age

e 28 days specimens age
Split tensile strength of specimens

e 28 days specimens age
Flexural strength of specimens

e 28 days specimens age

coarse aggregate Weighting ] I Raady materials for one trial mix (0.04m3) ]

. o Durability tests
Materials weighting

Mixing Process e Acid attack test

e Alkaline attack test

The mixing process was done using an electrically o Sulphate attack test

operated concrete mixer of 0.04 m3 capacity. The

concrete making and mixing in the laboratory was

e
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RESULTS AND ANALYSIS | TESTS ON CONCRETE
1. Cement FREST CONCRETE TESTS
Test results for cement
1. Slump cone test
S No Test Results IScodeused | Acceptable limit
I Specic gaviy of ement 50 OG0 Ty SLNo | % of replacement | Slump value for M23 Slump value for
of glass powder grade concrete M30 grade concrete
- - — - 1 0% 33 25
1 Standard consistency of | 6mm at 34% wic wie ratio 28%-35% - — —
2 % 36 25
cement 18:4031:19% 3 10% 30 25
] 50mins and 10 hours Minimum 30mins 4 15% 53 40
. . 5 20% 60 50
Initial and final setting time and should not ; 7 5 %
15:4031:1988 | mor than 10 hours 7 ;U';h il 6
T | Fomes ocnen W | SaBIEm | aw s e 5 &
9 40% 75 73
10 43% 75 73
11 30% 80 73
2. COARSE AGGREGATES B 0
2 5% 100 100
8. % Test Results | I code used Acceptahle limit B o0k 100 100
" £ ') .
l Fineness modufus 6.5 15.2386:1963 6010 §.0mm Graph: For M25 grade concrete
1 Specific gravity 20| I8:2386:1983 2103 Imm
_ slum
3 Porasity 4683% | IS.2386:1983 | Not greater than L00% - P
4 Voids rafio 08853 | I5:2386:1903 Any value 100
iy i [y X : a 80
5 Bk desity [30gec | I8:1386:193 D
6 | Agegeimpatve | 373 | SBI6OB | Lestm T ow Ii asiumg
20
T | Agreggteenshing | 206% | [S2386:1963 Less than 4% 0 11
0% 5% 10% 15% 20% 25%30% 35%40% 45% 50% 55% 60%
% Replacement of glass powder
3. FINE AGGREGATES
— Graph: For M30 grade concrete
S/ Test Remlt | Icodeused | Acceptable limif P g
I| Foeesmodis | 4305 | 1823801963 | Notmore fhan 3 mm
slumpvalue
D | Speefegmy | 24| IDROIE 2003l 120
100
j Borostty B | 5261065 | Not preater than 100% _w
E w0
4 Yoids rato 037 | I52366:1963 Any value ) }i —
20 +
j Bulk densty 44| 1825861963 0 III{
. ERERARAREEEE B
b | Butgofsd | 0% | SBGOS | Lestmlly oo ot st
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2. Compaction factor test

5. 10 % of replacement of | Compaction factor test for | Compaction factor test

glass powder M25 grade concrete for M30 grade concrete
1 0% 0932 0.862
2 % 0.940 0.874
3 10% 0,948 0.896
4 15% 0.930 0920
5 20% 0.963 0.90
6 25% 0.968 0.94
7 0% 0.968 0.960
§ % 0.97 0972
9 40% 0472 0.986
10 45% 0972 0976
11 50% 0.980 0.980
12 5% 0.982 0.984
13 60% 0.988 0.99

Graph: For M25 grade concrete

compaction factortest

0gg
098
097
096
045
0584 — W compactionfactor test
093 -
092
091 -
09

Graph: For M30 grade concrete
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TESTS ON HARDENED CONCRETE

COMPRESSIVE STRENGTH OF CONCRETE

Compressive strength of concrete | Compressive strength of
SL. No % replacement for M25 grade concrete concrete for M30 grade
concrete

Tdays 28days 7 days 28days
1 0% 2430 2498 2940 2996
2 % 2236 2324 27.46 2834
3 10% 21.98 2240 26.84 27.60
4 15% 21.00 21.80 26 2640
5 20% 21.90 220 26.20 26.90
6 25% 20.60 21.80 24.80 25.60
7 30% 20.10 20.60 2420 2520
8 35% 2048 2040 24.60 2480
9 40% 19.20 20.10 2310 2420
10 45% 18.60 19.10 22.80 23.10
11 50% 16.98 18.60 21.00 2250
12 55% 16.40 17.00 20.60 2120
13 60% 1580 16.20 20.20 2030

Graph: 7 days compressive strength of concrete for
M25 grade concrete

7 days compressive strength

20 4
15
10 4

com press ire stre ngth

0 4
0% 5% 10% 15% 20% 25% 30% 35% 40% 453% 50% 55% 60%

% Replacement

Graph: 28 days compressive strength of concrete for
M25 grade concrete

compaction factor
25 28 days compressive strength
30
g 20 .
€ 95 HH = =
E " E“ 20
B o i Pe
E B compaction factor @
g8 54 = = = £ .
§
0+ s 8 == 5
B R OR R R R R XA R R R
FELRNRMEERER o7
0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60%
% of replacement of glass powder % Replacement
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Graph: 7 days compressive strength of concrete for
M30 grade concrete

7 days compressive strengthfor M30
35
30
25

20
15
10 4 W 7 days

compressive strength

u M
0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60%
% of replacement of glass powder

Graph: 28 days compressive strength of concrete for
M30 grade concrete

28 days compressive strength for
M30

=]

10 W 28days

com press ire strength

0% 5% 10% 15% 20%25% 30% 35%40% 45% 50% 55% 60%

% of replacement of glass powder

SPLIT TENSILE STRENGTH OF CONCRETE
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Graph: split tensile strength for M25 grade concrete

28 days split tensile strength for M25
grade

Splittensile strength
(=] - ra - o (%o}

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60%
% Replacement

Graph: split tensile strength for M30 grade concrete

split tensile strength for M30 grade

splittensile strength
a3
in
}

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60%

% of replacement of glass powder

FLEXURAL STRENGTH OF CONCRETE

5L No % Replacement of | 28 days Split tensile | 28 days Split tensile 5. 10 % Replacement of | 28 days Flexural strength | 28 days flexural strength
glass powder strength for M25 grade | strength for M30 grade glﬂii powder ForM25 gl'ﬂd\‘! concrete for M30 gl‘ﬂd\‘! concrete
concrete concrete 1 On ﬂ} 3 1 5 3 5 0
S s ——
3 10% 33 383
3 10% 4.04 4.06
1 15% 130 130 4 15% 360 42
3 0% 149 1.60 5 0% 40 4.60
6 5% 340 120 b 25% 360 420
7 0% 301 388 I 30% 326 410
§ 33% 420 3.60 8 5% 316 380
9 40% 384 384 g 40% 104 410
10 45% 370 3.80 10 45% 100 180
11 30% 3356 3.60 11 0% 208 360
- - - - 1 5% 30 330
- i 13 60% 280 340
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Graph: Flexural strength of concrete for M25 grade . .
P g g %0 loss of weight due to acid attack
5
28 days flexural strength of M25 grade E
z
45 :'.I:
moas
4 a
35 =
= d 1 W% loss of weizhE dus o
) 3 4 i o mitmcE
& 25 - as -
5" z
% 2 4 E o -
& 154 = 0 5 20 1% 20 2% 30 35 40 &3 30 55 50
19 3 regp =nt of gleess p
05 +
u 4
0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60%
% Replacemet
% loss of compressive strength due to
acid attack
Graph: Flexural strength of concrete for M30 grade g8
-] iz
FR
flexural strengthfor M30grade B, £
E E 5 M % hass of compressine
5 -E " 4 strength dus to aad
45 E_:'E 2 mttace
= 4 —— E o
= 35 —— g
2= 5
g 34
& 25 E
2.2
2 15 -
& 7]
01 2. Alkaline attack test
0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% SL B Initial weight | Final weight | %% loss of | C iv[ Compr | % loss
™o | replacement | of cube after | of cubes after | weight due | estrengfh | essive of
% of replacement of glass powder of glass 28days curing | ®0days curing | to allzaline | of cube | stremgt | compre
powder in grams in grams attack after B oof asive
28days ubes | stremgi
curing after | b due
S0days to
DURABILITY curing | alkaline
arack
FOR M25 GRADE CONCRETE ! ° = = b A Rl I
2 5 2285 2255 1.51 2324 2034 12.47
. 3 10 1274 2245 1.27 212.40 19.53 11.81
1' ACId attaCk teSt 4 15 2206 2265 1.35 21.80 18.92 15.21
5 20 2320 2287 1.42 2220 1918 15.60
= T Tuifial weight | Final weight | 0 Joss of | Comprewsiv] Compr | 95 lost [ I3 pEEE) 906 T35 ITED 1877 | 15390
No | replacement | of cube after | of cubes affer | weight due| e strength | essive of ! =0 228 20 L 20.e0 11'6" 2
g 35 2340 2302 162 20.40 17.52 14.11
of glass | 23days curing | $0days curing | fo acid of cube | stremgt | compre 7 ES) 3350 przs) T.56 20.10 712 | 1382
p“ﬂﬁ' in Erams in Frams attack after bof 15ive 10 45 2310 2270 1.73 12.10 16.17 1534
29davs cubes SII'EIgf 11 50 2206 2253 1.87 18.60 15.66 15.80
b 12 55 2352 2306 1.85 17.00 14.35 15.58
curing after | b due 15 ) PEEE 1384 317 16.20 1563 1580
Sidays | toacd
curing | attack
1 [] 191 2174 0.74 2408 1184 836
) E b5 pE T | B® 0B | I8 % loss of weight due to alkaline
3 10 2251 1235 0.71 2240 2034 o210 -E atta{:k
4 15 2334 2312 0.94 1180 1082 | S.08 =
3
5 0 2281 1258 1.44 .0 20.13 231 é
[] 25 2285 2250 1.5 1180 1870 | 843 % z
7 30 2174 1248 1.14 20.60 18.58 B E 15 4
g 33 2352 1320 136 20.40 18.30 | 1029 4 1 4 _
_ # 1 % oz afweizht dus ta
3 E] 286 260 156 W | 18 | 06 o alknline sttmd
10 45 2300 2260 1.74 18,10 17.00 | 1099 E a
11 50 2206 1256 1.742 18.60 16.60 | 10.73 E
J 5 1015303 303540455055 50
12 55 2333 1288 1EE 17.00 1510 | 1117 -
13 [] pxpe) 2274 106 16.20 14.33 11.54 * ¥ it of glas
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% loss of compressive strength due to
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% loss of weight due to acid attack

B alkaline attack .
=
i m ""u
B . E
=
- E
= g . 15 =
E= B %6 kass of compresshne 8
B strenzth dus 1o slsline 2 ~
5= H T E 1 == % s o e dus ta
5 oM BENRNEBRNANEN = 2og e
E 0 5 1018 20F5 30 35404550 55 E
g
% repisom=ment of glass powder E a A
= 05101320 330354043 3035 50
3. Sulphate attack test % repiagement of giess prwder
SL | " replacement of | Compressive stremgth Comp U Joss of comp
Ko elass powder of cube after 23days | strength of cubes strength due to
curing sfterS0duyscuring | sulphate sttack % loss of compressive strength due to
T ] 408 FINE] 51 .
pl 3 pEES 8 438 g acid attack
3 0 pIED] 17 541 5 17
E 5 180 580 JENT 41; 155
= iz B
3 i) ] 010 566
E Tl
[ b L0 88 553 £y &2 “Tala BT HA
g “ | A0 10 10 1B 0 | :
7 30 20,60 17.86 1281 -E " 125 Fatl W % loss of compressine
T S T0.40 T8 280 E_ﬁ 14 4 = = = = = strengtn dus ta el
] ) 010 T7.70 164 E 1334 s st
E B -+
0 E5 010 688 K7 5
1T W 560 STEE] 220 B 0 30 SmEn a0 oo
12 5 17.00 10 17 > % replac=ment of glas powder
5 & 1620 XS T0.80
% loss of compressive strength due Ikali "
H] 2. A Ine att test
8 to sulphate attack aline atack tes
E]_u pria ) SL (D) Initial weight | Final weight | % loss of | Compressi | Compres | %% loss of
E E No | replaceme | of cube after | of cubes after | weightdue Ve sive compressi
2w = ntof glass | 28days curing S0days to alkaline | stremgeh of | strength ve
RS 10 I [ ™ powder in grams curing in attack | cube after | of cubes | stremgth
EE T e grams days | atter | duew
g E H stranEth dus to suighate coring | S0days | alkaline
: DL = e
E a 1 0 2325 2283 1.36 2008 2560 1426
- 0 5 20318 208 2035 4045 M55 80 2 5 2375 2340 Lag 18.34 2422 14.54
% i ent of gk 3 10 2284 2251 1.42 27.60 2335 1468
4 15 2306 2358 1.54 26.40 2245 14.96
5 20 2320 2282 1.62 26.90 2281 15.20
- [3 a5 21354 2315 L.68 215.60 21.67 15.34
For M3O grade Concrete' T 30 2206 2256 1.7 2320 1135 1518
- B 33 2320 2280 1.74 24.80 20.93 15.60
1. Acid attack test Ea = e (B B T
10 ES 2340 212104 = 23.10 19.38 16.12
E 3 Tnitial weight | Fimal weight | 06 1033 of | Compressiv| Compr | 96 loss, 81 =5 SIS PEEES T1E pRTT] SRS STES
No | replacement | of cube after | of cubes after | weight due| estrength | essive of = == 5= 5= = = = =
of alass | 23days curing | 90days curing | to acid of cube | stremgt | compre - == 557 = — 55 T T
powder in grams in grams attack after Boof ssive
28days cubes | stremgt
curing after | b due . .
90das | fo acid % loss of weight due to alkaline
curing | attack
1 [1] 2195 2276 083 2006 2508 1335 atta{:k
Z 5 2430 2400 0.82 28354 24.50 13535 ﬁ 3
3 10 2354 2331 0.97 27.60 23.78 13.84 E
4 15 2235 2214 054 26.40 22 .65 1420 ; 22
5 20 2191 2265 1.13 26.90 2297 14.60 = z =
& 25 2385 235% 138 25.60 2171 1520 g 1% +——=—+—
=
7 30 2374 2338 1.48 25.20 21.26 15.64 H 1 W% s ﬂfﬂ‘gh‘tﬂﬂ‘bﬂ
B 335 2322 2286 1.55 24 B0 2084 15 ?6 i as | altal'lrleaﬂact
o 40 308 2350 1.61 2430 2035 1632 E
10 45 2300 2255 1.78 23.10 12.311 16.40 E a
31 50 B2 382 72 2250 T672 | 16.80 I O % 20 4% 30 TS S0 5T 40 4% 0 T S0
12 55 1344 2198 126 21.20 17.54 17.24
Ik &0 30 i} 311 3050 66 | 156 = ELL =nt of glezs p
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% loss of compressive strength due to
alkaline attack

= iz
155
B 1
T alm
E s k]
s 7 5
B ogas |  EE Ef | B % lass of compressins
B 12 oK | | EEEE strength due to alcadine
e B i
EORSAE E1 11 I EE
H 0 31013302530 354048 5038 50
- % replsc=ment of glass powder
3. Sulphate attack test
SL | U4 replacement of | Compressive sirength Compressive 04 loss of compressive
Ko elass powder of cube after 28days | stremgth of cubes strengih due to
curing after #0d ays curing sulphate attack
1 [1] 10.06 2451 18.06
2 5 2B.34 2312 18.42
3 10 27.60 227 17.68
4 13 26.40 2180 17.42
3 0 26.00 2212 1777
[ 25 25.60 1115 17.34
T 30 25.20 20.86 17.22
B 33 2480 20.58 17.00
El 40 2420 20.11 1690
10 43 15.10 10.30 16.43
11 50 2250 18.85 16.22
12 35 21.20 17.85 1580
13 &0 20.30 17.17 15.42
% loss of compressive strength due to
sulphate attack
o
=
[t i T I e
el
w 10
ﬁ I I I I I I I I I B % lass of compressive
g 3 SUnenEth dus to sulphate
e, REIEEE R
g a
B 0 3 WIS 4043303380
g % replscement of glass powder
CONCLUSION

The following conclusions are made based on the

above study:

The material properties of the cement,

coarse aggregates, and fine aggregates are

within the acceptable limits hence theses

materials are suitable for the research.

The optimum value of compressive split

tensile and flexural strength of concrete was

Vi.

Vil.

viii.
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observed at 20% replacement of cement by
glass powder.

The
monotonically as the replacement cement
with The

workability decreases when cement is

slump of concrete increases

glass powder increases.
replaced partially with glass powder
The present study shows that there is a
great potential for the utilization of glass
powdering concrete as partial replacement
of cement. About 20% of cement may be
replaced with glass powder without any
sacrifice on the compressive strength
Further investigation can be done by using
plasticizers to improve the workability and
strength. Also durability investigations can
be done in see the long term effect of glass
powder replacement.

From the analysis and discussion, we are
clearly understood that the objectives of
this study are achieved. The objectives of
the research are:

a) The main purpose of this research is to
check the compressive strength of the
concrete using the waste glass powder.

b) To check the workability of the concrete
using the waste glass powder.

Considering the strength criteria, the
replacement of cement by glass powder is
feasible. Therefore we can conclude that the
utilization of waste glass powder in
concrete as cement replacement is possible.
Very finely ground glass has been shown to
be excellent filler and may have sufficient
pozzolonic properties to serve as partial

cement replacement, the effect of ASR
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