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Properties of Concrete with Waste Glass Powder
(Gp) as Fine Aggregate Replacement

J.Premalatha, R.Srinivasan

Abstract In the present research, the feasibility of using waste
glass as replacement for natural river sand was investigated.
Glass wastes dumped in landfill pose environmental pollution and
research on its reuse in construction industries need to be carried
out . An experimental work was performed to study the slump ,
unit weight, compressive strength, splitting tensile strength,
flexural strength, modulus of elasticity, ultrasonic pulse velocity,
dry density and chloride ion penetration test at different curing
ages at 7, 14 and 28 days of concrete. Investigation on concrete
properties with various % of glass powder (0%, 5%, 10%, 15%
and 20% ) were done on fresh and hardened concrete. The
complete stress-strain behaviour, mechanical strength and
durability properties of concrete with partial replacement of
natural river sand by glass powder were investigated through
standard tests.The optimum glass powder content is found out by
testing the specimens prepared using different grades of concrete
(M20, M30, M40,M50 and M60). All the fresh concrete mixes
were tested also for the workability properties by conducting
slump cone tests. According to the test results, it is observed that
the slump value of fresh concrete increase gradually with % of
glass powder upto 40% replacements. The gradual increase in
compressive strength, flexural strength and split tensile strength
with the addition of waste glass powder upto 30% was observed.
The addition of 40% and 50% replacements, the strength values of
concrete are comparable with that of the control mix. The density
and modulus of elasticity of concrete also gradually increases
from 0% to 50% addition of glass powder in the concrete.

The Rapid Chloride Penetration Test (RCPT) test results show
that the chloride penetration rate is considerably reduced with
addition of glass powder and permeability properties of concrete is
enhanced upto 50% replacement levels. In order to prepare the
concrete with compressive strengthThe optimum glass powder
content is found to be 50% can be used as the replacement
material for fine aggregates without much compromise on the
strength and durability properties and to achieve economic and
environmental benefits.

1. INTRODUCTION

Solid waste management is a very crucial issue for the
society worldwide. Glass wastes form a major component of
solid waste and being an inert and nonorganic material, it is
non-biodegradable and its disposal into landfills create
serious environmental problems. Using waste glass in
concrete as fine aggregate provide better solution for its
disposal problem and also prevent depletion of natural
resources like river sand.

Since a very large space and lands are used to stockpile
waste glass, it is very essential to find ways to reuse it or
recycle it. The advantage of almost 100% recyclability of
waste glass makes it as one of the material considered for the
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concept of waste to wealth, world wide.A variety of new
products can be produced using waste glass.There are two
main ways of use waste glass in concrete. Glass wool is one
of the important form of glass which is used as an heat
insulating material on roofs, walls and floors of
buildings.Glass wool insulation is recyclable and reusable, so
that it can be recycled for another applicationsafter its
original use. Based on the citations, it is found that waste
glass can be used in concrete in two ways, one is as fine
aggregate as a replacement for natural sand and another one
is as aSupplementary Cementing Material in concrete.Many
research works have been done on concrete with glass waste
as partial replacement for fine aggregate and coarse
aggregates.

Waste management has become a critical challenge in
developing countries like India. Unprecedented levels of
waste material are produced due to rise in population and
the management of solid wastes have arised as an alarming
threat for healthy environment world wide.Since glass wastes
are non-biodegradable material. Innovative methodologies
of recycling need to be conventional to avoid their
disposal in land fills.

Objectives :

The research objectives of the current work are :

« To design the mix proportions for five various grades
(M20, M30, M40,M50 and M60) of concrete with different
glass powder replacements ( 0%, 10%, 20%, 30% 40% and
50%) for natural sand in concrete.

« To investigate the workability properties of fresh
concrete, mechanical properties of hardened concrete and
their durability properties by testing the specimens prepared
as per standard specifications.

« To investigate the detailed stress strain behaviour of
concrete with different % of waste glass powder additions.

Il. MATERIALS AND METHODS
Materials

Cement

Locally available ACC cement53 grade ( Ordinary
Portland cement) confirming to (1S12269-1989), was used
for the present research. The Standard consistency of
cements was determined in accordance with (IS 4031 (Part
4)-1995). Pastes having standard consistency were used to
determine the initial setting time and final setting time in
accordance with 1S 4031 (Part 5)-1995. The Physical and
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chemical properties of cement are given in Tablel and Table
2.
Table 1 Physical properties of OPC53 grade cement

. Propenty Value Requoement(IS12269-1585)
Initial setting time 70 minutes ~ Minimum 30 minutes
Final seting tme 360 munutes Maximum 600 minutes
Speafic gavity il 15H99-19%%

Neemal cansistency 303% 2
“Fineness modutus § A&% <l 0%

Table2 Chemical composition of cement

Chemical composition % content
Silica(5102) 21.00
Al'L]IELiDE.(MgO;) 520
Iron Oxide (Fe0:) 220
Calcium Oxide(Ca0) 67.39
Magnesium Oxide(MgO) 1.81
Sodium oxide (Na,0) 2.10
Potassium oxide(K; O) 0.20
Loss on ignition 0.10

Sand

Locally available natural river sand with maximum size of
4.75 mm and confirming to zone Il as per IS 383-1987 was
used as fine aggregates. The specific gravity of sand is
2.66,its water absorption is 3.0% and unit weight 1690kg/m3.
A sieve analysis was carried out for the sand and presented in
Table 3.3. and the grading curve for sand is given in Figure 1.

Table 3 Physical properties of sand

Sieve fize Weaght | Sreuined | Comuolative 5 | Cumulative s %% prising
mm reained by weight by weight lisnle foe
Inp= retamed passing pading zoae-
i
T 1
17 90 51
136 120 12 21 15
[ E 1 I £} [N
° 250 63 37 315.56
0 220 22 [§ 1 8§30
130 i 100 =3
I Toul= 316
Fineaess modiu = 1.10
Specalie graviry = 3
River sand grading curve
120
100

% Passing
5§88

g River sand

bl
o o

0 5 10 15
Sievesize in mm

Figure 1 Grading curve of Natural sand

Coarse Aggregate :

Graded crushed granite coarse aggregates with maximum
nominal size of 20 mm and down was confirming to
1S:383(1987)was used as coarse aggregate in the concrete
mixes.The specific gravity of coarse aggregate is 2.7 ,its
fineness modulus is 6.7, bulk density is 1800 kg/m3 and its
water absorption is 0.3%. According to IS 383-1987, a sieve
analysis was carried out coarse aggregates and presented in
Table 4. and its gradation curve is given in Figure 2.
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Table 4 Physical properties of Coarse Aggregates

Sieve mize “a retamed ‘ % passing
mm
20 3 33 00
12.5 15 $5.00

10 35 65.00

4,75 8& 14.00

2138 9 3.00

Gradation of Coarse Aggregate

100

% of passing
NS 8 o«
©o © o S

0 5 10 15 20 25
Sieve size in mm

Figure 2 Gradation of Coarse Aggregates

Water:Ordinary Potable water is used for mixing and
curing of test specimens.

Super plasticizer :

CONPLAST 430 received from Elkem India Pvt Ltd,
Mumbai was used as the super-plasticizer in concrete mixes.

Waste Glass Powder:

Waste glass for this experiment was sourced from a glass
recycling industry in the Coimbatore. This glass powder used
in this research was prepared by crushing and milling
process.The chemical composition and microstructure
analysis of the glass powder was done using XRD analysis
and SEM analysis and presented in Figure 2.3 and Figure 4.
The typical chemical composition of the glass aggregate is
given in Table 5 whilst particle size distribution is given in
Table 6. The gradation curve for the glass powder used is
given in Figure 2.5 and its sieving process is given in Figure
6.

|

Figure 3 Chemical composition of glass powder Figure
4 Microstructure of Glass Powder by XRD Analysisby
SEM Analysis
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Table 5 Chemical composition of Glass powder (% by

mass)
Composition Glass powder River ssnd
.l “i
Suical S0, 1.30 83 50
AlaminalALO) 1.50 3.20
Tron Oxide (Fe.0r) 080 1038
Calcium Oxide (Ca0) 110

Magnesium Oxide(MgO)
Sodwum oxade (N3 0)
Potassium oxide(K; O) 0
Loss om ignition 0.50

Table6 Physical properties of Glass powder
26 | WUretaned | Ve retaimed | Cumulense e | Cemulaine u | 5% qus

mm n = b eigin

by wewghn

retained passing

Grade curve for Glass powder

150

—loam powdet

N Pussing
e 8§ 8

Figure 5 Gradation curve for Glass powderFigure 6
Glass powder sample

I11. METHODS

Tests were conducted to find the workability properties,
mechanical strength and the stress—strain behaviour of
concrete  with different glass powder replacement
percentages of 0%,0%,20%,30%,40% and 50% are carried
out. The concrete mix design for five different grades of
concrete (M20, M30, M40, M50 and M60) were done in
accordance with (IS: 10262 1982). The concrete mix
proportions used for the test specimens are given in Table7.

Table 7 Mix proportions for concrete

Grade w/c Cement Sand Coarse Water Super
kgm? kg'm? aggregate content plasticizer

kgm’ litres'm? kgm?

M20 0.30 360 750.12 1142.10 180 0

M30 0.45 400 734.16 1117.8 180 0

M40 0.40 420 696.17 1256.2 140 4.2

M50 0.35 480 678.00 12234 140 4.2

M60 0.30 500 745.8 1135.6 140 8.4

IV. MEASUREMENTS & RESULTS
Workability of fresh concrete

Slump cone Test

According to (IS: 1199 — 1959) workability test by slump
cone on fresh concrete weretested and the results are plotted
in Figure 2.7 The slump was in the range of 60-80 mm for
M20 and M30 and its value increases to 80 -100mm for
higher grades of concrete with super-plasticizer. The slump
value of all the mixes increases with the addition of glass
powder upto 30% and afterwards for 40% and 50%
additions, the slump value got reduced. For concretes
incorporating glass powder, no bleedingor segregation was
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detected.

Slump Value in mm

M20 M30 M40 M50 Me&0

Figure 2.7 Compressive strength of M20 Concrete

Bulk Density of concrete

Very small variations in concrete density was observed
with the addition of glass powder for all grades of concrete
and shown in Figure 2.8 . This may be due to very small
difference between the specific gravity of glass powder and
the natural sand.

2460 I

——M30 Concrete

MAOD Concrete
= M20 concrete
—— M50 concrete

M GO concrete

Density of concrete in kg/m?
B3
& 2

o 20 40 60
of Glass Powder replacement
ensity g? éoncrete

Figure 8 Bulk Density of M20 Concrete

Mechanical strength:

The compressive strength of concrete specimens of all the
mixes designed was measured by compression test as per( IS:
516- 1959), the concrete cubes of size 150 mm x 150mmx
150 mm were casted and tested after 28 days strength after
conventional method of curing. Cylinder specimens of size
150mm diameter and 300mm height were used for cylinder
compressive strength tests. For split tensile strength tests,
cylinders of 150mm diameter and 300mm height specimens
were casted and tested. Flexural strength test is conducted on
concrete prisms of size 100mm x 100mm x 500mm size. The
mean value of the strength of three specimens are reported for
all the mechanical strength values of concrete.

Tests for Stress strain behaviour of M20 concrete mix with
various % of glass powder additions are done using cylinder
specimens of 150mm diameter and 300mm height and
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compressometer was used for strain measurements during
uni-axial compression test.

Test Results

Concrete mixes of 20 MPa, 30 MPa 40MPa, 50 MPa and
60MPa with glass powder partially substituting the natural
river sand at 09%,10%,20%,30%, 40% and 50% were
produced and numerous tests were performed to study the
workability properties and mechanical strength to obtain
optimum % of glass powder which gives better or
comparable concrete to normal concrete. The recorded slump
increased with the increase of glass powder content. The
density of hardened concrete incorporated with glass powder
decreases with the higher % of glass powder contents. The
Test results of all the mechanical strengths are given in Table

Tahle 17 Split tensile strength in MPa- M60 concrete

Glass 0% 10% 20% 0% 40% 0%
Powder
replacement
7 days 42 440 470 3.10 410 3.00
28days 3.1 526 333 332 3.02 403
36 days 58 6.10 6.30 642 343 312

Table 18 Cylinder compressive strength in MPa for various Mixes

Glass Powder M0 [ M30 M40 M30 Mé0
replacement %

0 212 30.65 119 4720 36.1
10 21 31.32 423 47.80 3.3
20 27 32.10 432 481 313
3 239 327 438 4920 582
10 202 3154 119 4732 371
30 1086 [30.11 412 46.3 39

Table 19 Cube Compressive strength in MPa for various concrete mixes (2§ days)

. - % seplacemant of | 0% 10 % 0% 30% 40% 50t
2.8 through Table 2.22. and plotted in graphs Figure 7 to p—
Figure 19. M2 % .1 175 0.8 43 JER)
M0 W[ B10 30.31 30680 ER:] 36.70
M40 51.30 51.90 53.50 53.8 5.1 5120
Table 8 Cube Compressive strength in MPa of M20 Concrete Mi0 il ik3 ke L8 i3 6.4
Glass Powder | 0% 10% 0% 30% 40% 30% M60 6.8 0.30 712 723 1. 10 69.10
replzcement
7 days 192 19.5 195 20.1 18.8 182 Table 20 Modulus of elasticityin MPa for various % of Glass Fowder
28 days 26 211 215 288 243 232 Glasz M0 M30 M40 Ms0 M&D
36 days b 303 209 305 313 313 Powdar
Y
_Table 9 Split tensile strength in {[Pa_— M20 concrete . 7 30010 0 3600 E)
Glass Powdar | 0% | 10% 20% 0% % | 0% T i 0 R T
IEP].ECEIII.EH.I N ERFF 200 Jeld
T days 73 17 73 75 750 X 20 30830 33400 600 | 3860
28days 28 | 247 ] 298 231 27 El 370 33430 38430 3820
56 days 2.90 2902 294 3.1 2.96 283 ki 31300 34020 38600 3E500
50 31400 34040 36700 3R620
Table 10 Cube Compressive strength in MPa of M30 Concrete
Glass Powder 0% 10% 20% 30% 40% 500 Table 21 Cube compressive strengfh in MPa (25 days)
replacement _ Glaz | W20 M50 M40 M50 M0
Tay T30 | 1790 | B3 T30 T30 | %0 b
28 days 38.20 3910 39.32 39.60 37.80 36.70 %
36 days 010 | 4150 | 4210 250 $50 | 2280 - =5 T =5 = =
0 71 3010 5.0 5830 03
Table 11 Split tensile strength test in MPa - M30 concrete %-I) 71‘ I Ei'il :E':':' :i'ﬂ _15
Glass Fowdar | 0% | 10% 20% 0% 0% 0% 30 i 260 38 e 13
teplacement 0 4.5 37.50 .10 3730 110
T days 32 34 3 3.82 3.66 322 30 51 36.70 5120 36.4 6. 10
28days 3.02 3.96 3.08 4.03 3.80 3.63
36 days 41 413 422 426 4.02 3.92 Table 22 Cylinder compressive strensth (in MPa) for varions concrete mites
% of Glasz powdar | M20 M30 M40 M50 Mé&b
Table 12 Cube Compressive strength in MPzof M40 Concrete
Gt Powder [ 0% | 10% 0% EliA 0% 0% 7 13 e e PR W
Teplacement 1 31.52 14 T G
7 days 375 | 319 381 383 71 | %0 fz 2l me ::'; :g'f:' —
28 days 3230 [ 5290 33.30 33.8 32.1 51.20 - - bl b : 2
56 days 3420 ] 55.10 3520 56.10 56.80 5120 30 B9 3170 83 430 382
40 202 3154 418 411 §1.1
50 1986 3011 411 463 359
Table 13 Split tensile strengthin MPz- M40 concrete
Glass Powder 0% 10% 20% 0% 40% 0%
replzcement
7 days 39 41 42 43 428 403 o
Tadzys 13 | i% in 15 i3 EWI] Compressive strength ( M20 Concrete)
36 days 43 446 471 4.82 476 434 z
Table 14 Cube Compressive strength in MPa of M50 Concrete E an ) 4 4
Glass Powder 0% 10%% 20% 30% 40% 0% T
replacement Z 2 .,—.__./4\-_‘.
7 days 421 428 432 445 419 402 =
28 days 38.2 38.3 38.9 39.8 313 36.4 g 20 Q__df——O———#\‘\.
36 days 60.1 61.2 61.90 63.7 64.0 64.8 g g ==/ days
g % i 28 days
Table 15 Split tensile strength in MPa - M50 concrete % ot 56 days
Glass Powder e 10% 20% 30% 40% 0% £ 5
replacement E
7 days (MPz) 450 438 4.63 470 444 41 0
28days 482 485 490 .10 480 46 0 10 20 30 40 50 60
(MP2)
36 days 101 | 408 330 350 ER 173 % 0f Chas powdet replacentont
(MPz) . :
] ] Figure 7 Compressive strength M20 concrete for
Table 16 Cube Compressive strength in MPa of M60 Concrete .
Class 0% 10% 0% 0% 0% | 0% various % of glass powder
Powder
replacement
7 days 30.5 51.8 323 338 30.10 474
28 days 69.8 70.30 12 123 71.10 69. 10
36 days 133 739 742 152 164 7120
I'E
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Compressive strength (M30 concrete)
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Figure 8 Compressive strength M30 concrete for
various % of glass powder

28 Days Compressive strength

& 5 M = M20 concrete
40 .___._H\H =~ M30 concrete
30 Q——ﬁ—‘——"\’__’ e M2&0 concrete
ig M50 cONcrete

0 e MG0 concrete
0 20 40 60
% of Glass powder replacement

Compressive Strength (M40 concrete)

-~
<

o
o

10 20 30 40 50 60
% of Glass powdar replacement

E
60 -
S o —d——a— g o
Z 50
£
M & = S A =
'g o — v - P— ——7 days
5 25 828 days
ém 56 days

Figure 12 Compressive strength at 28 days for various

grade of concrete

Figure 9 Compressive strength M40 concrete for
various % of glass powder

Flexural strength at 28 days

5
.

Flexural strength in N/mm?
O N W Es VO N 0O

|

——M20 concrete
~@—M30 concrete
=~ M40 concrete
w50 concrete

w——MED concrete

=]

10 20 30 a0 50 60
% of Glass powder replacement

Compressive strength (M50
concrete)

£ 80
3 @ i
g . 40 —r———_ —4— 7 days
&
g E 20 | ~&- 28 days
3 & guik . ~#— 56 days
a 0 20 40 60
§ % of Glass Powder replacement

Figure 13 Flexural strength at 28 days for various
grade of concrete

Split tensile strength (at 28 days)

3

g
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£ 4 ——M20 concre e
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r— - e —
* 2 ~w— M40 concrete
s 1 —M50 concrete
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o 10 20 30 a0 50 60

% of Glass powder replacment

Figure 10 Compressive strength M50 concrete for
various % of glass powder

Figure 14Split tensile strength at 28 days for various
grade of concrete

Compressive strength (M60 Concrete)
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Figure 11 Compressive strength M60 concrete for
various % of glass powder
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Modulus of Elasticity in N/mm? : FracesSuncune e Manoqceete
45000
40000
35000 o 0%
30000 210
25000 - (0%,
20000 b
L ElS -
15000 - -8-3
10000 ®40% ; 35
5000 = 50%, i
0 o
M20 M30 Mao M0 ME0

Figure 16 Modulus of elasticity of concrete with
various % of glass powder

ot i 000
e

Cylinder compressive strength (28 days) L - -
Figure 20 Stress Strain curve for M20 concrete with

e — various % glass powder replacement
e e Rapid Chloride Permeability Test (RCPT) Test

¥

i

H

=

é_. ap & o 2 = N20 concrete

(fop—a—a—N—a_g ~8—M30 concrete The RCPT tests were doneas per ASTM C1202 for the

g‘z we—r—r ", M40 concrete specimens of all the mixes M20,M30,M40,M50 and M60

5 10 e M50 cOncrete with various percentage of  glass powder

¥ o —— M0 concrete 0%,10%,20%,30%,40% and 50% after 28 days curing. The

¢ 0 20 40 60 cylindrical test specimens are of size 100 mm in diameter
%:of glass pownder replacemient and 50 mm in thickness which had been conditioned

according to the standard were placed in the cells and
subjected to a 60-V potential for 6-h. One of the cells was
filled with 0.3N NaOH solution while the other filled with
3% NaCl solution. The amount of electrical current passed
through the specimen is measured and the total charge passed

MZO concrete Stl’ESS- (in coulombs) is used as an indicator of the resistance of the
: concrete to chloride ion penetration. The RCPT test set up is
strain curve shown in Figure 3.25. The total charge passed through the

Figure 17 Cylinder compressive strength of concrete
with various % of glass powder

20 concrete specimens was calculated using the following
E formulain Eq. (1)
E
E" 10 Q=9OO(JTO +2130 +2176,0,+ ..... 136’0) (1)

——M20
E concrete Where, Q = charge passed (coulombs),
E 0 lo = current (amperes) immediately after voltage is applied
a 0 0.0005 0.001 0.0015 and
Strain It = current (amperes) at t min after voltage is applied.

Rapid Chloride Permeability Test was conducted for the
Figure 18 Stress Strain curve for M20 concrete with standard concrete specimens at 28 days to find the chloride

30% glass powder replacement permeability properties. The Chloride ion penetration
properties of various mixes are indicated by the total amount
of charge passing through the sample specimens (Table25,).
M40 concrete Stl’ESS strain curve It is observed that V\_/ith_increase in_ % of Glass pOV\_/der
replacement, the chloride ion permeability of concrete mixes
are reduced for all the grades of concrete mixes. With the
addition of glass powder the chloride ion penetration of the
concrete is found to be at the moderate level. With the
addition of glass powder, the chloride permeability is
reduced to maximum extent by 50%, 45%,44%, 32%, 32%
—4~ M40 concrete of normal concrete for M20, M30, M40, M50, M60 concrete
with 50% glass powder replacements respectively. Therefore,
concrete with glass powder replacements for sand exhibit low
0 0001 0002 0003 0004 chloride permeability compared to the control concrete.

Stress in N/mm?
—— ~ w P
=) = S =

(=]

strain

Figure 19 Stress Strain curve for M40 concrete with
309% glass powder replacement
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'[able 23RCPT Test Results ( at 28 days)

Tetad chasye puia

Charge Passed in Coulombs
4000

3000

mi0%

2000 u20%
" 30%

1000 ;
0%

0 . 50%

M20 M30 M40 M50 M&0

Figure 23Chloride Permeability Test Results

V. CONCLUSIONS

« The mix design for concrete with five various grades (
M20, M30, M40, M50, M60) was done. Extensive
experimental study on strength and durability properties of
these five grades of concrete with different % of ( 0%, 10%,
20%, 30%, 40% and 50%) waste glass powder for fine
aggregate replacement was carried out.

» The stress strain behaviour of all the above concrete
mixes was investigated and reported in this section.

» According to the test results, it is observed that the
slump value of fresh concrete increase gradually with % of
glass powder upto 40% replacements.

» The compressive strength, flexural strength and split
tensile strength gradually increase upto 30% addition of
waste glass powder and for 40% and 50% replacements the
strength values are comparable with that of the control
specimens.

» The RCPT test results show that the chloride penetration
rate is highly reduced with addition of glass powder and
permeability properties of concrete is enhanced upto 50%
replacement levels. Therefore 50% of glass powder can be
used as the replacement material for fine aggregates without
affecting the strength properties of the concrete.
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