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Abstract

Glass is an inert material which could be
used and recycled many times. Several tons of
waste glass (WG) are generated annually
worldwide due to the rapid growth of the
population and improvement in the standard of
living. In this study, the WG was used and
supplied with three different particle sizes;
600um, 2.36 mm and 4.75mm and partially
weight replaced of fine aggregate at ratios
10%, 20% and 30%. The effectiveness of that
changes on compressive strength and modulus
of rupture at ages 28 and 90 days for concrete
specimens produced were studied. The results
showed that compressive and modulus of
rupture at all ages increased along with
addition of WG as glass powder (GP).
Moreover, the specimens containing 30% of
GP replaced has the best results, also it is found
at this percentage of GP, more beneficial and
capable to increased compressive and flexural
strength up to 18.64% and 5.87 % respectively
at 28-day compared to reference specimen.
Besides, the test results revealed that at a
replacement level 10% of 2.36mm fine glass
(FG) has slightly improved the strength
characteristics. While, the results demonstrated
decreasing in that properties for the concrete
specimens contained on coarse glass (CG) up
to 4.75mm. The maximum negative effect on
compressive strength and modulus of rupture
recorded at the ratio 30% of CG where was the
reduction in compressive strength 28.52%
opposite 22.12% for modulus of rupture at age
of 28-day. From that results, it can be
concluded that the effect of FG was little
compared to GP.

Keywords: Waste glass, Partial
replacement, Compressive strength, Modulus
of rupture.

1. Introduction

Management of waste has become a main
issue of all over the world. Glass is not
appropriate to add in garbage and also the
chance recycled required investigated
(Adaway, M., 2015). Also it is widely used in
our lives through manufactured products such
as sheet glass, bottles, glassware, and vacuum
tubing ( Park, S., 2004). So it is an perfect
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material for recycling where contributes in
energy saving, building unites manufacture,
conserves  ore materials, diminishing
consumption energy, and the volume of waste
(BSlI, 2005).

In the recent years, the quantity of waste
glass is piecemeal grows due to multiply use
of glass products. Most waste glass have been
dumped into landfill sites and it full have been
undesirable because they are not biodegradable
as a result environmentally less friendly. There
is huge potential for using waste glass in the
concrete construction sector and therefore the
cost of concrete production will go down
(Topu, 1., 2004). When using crushed glass or
cullet with duly sized and processed can get
similar characteristics to that of gravel or sand.
So, in construction applications it must be
crushed and screened to produce suitable
design gradation. Glass crushing equipment
normally used to produce a cullet is similar to
that in rock crushing, typically smaller and uses
less energy compared to conventional
aggregate or rock crushing equipment. Because
it has been designed to reduce the size or
density for transportation purposes and for use
as a feedstock material. (Egosi, N. ,1992).

Fine aggregate is widely used in construction
works so it is important construction material,
where the concrete cost increases according to
the fine aggregate cost. Therefore some
alternative materials are required to reduce cost
(Madhavi, T., 2013). Because of consumption
of higher for fine aggregate in construction
industry so it partially replacement with waste
glass has been more appeal in structural
concrete (Adaway, M., 2015). Newly, using
waste glass as a construction material in
concrete has been effort because of the
potentially decreasing the cost of glass disposal
and concrete production. An endeavor was
place for a long time to test the use of the waste
glass as aggregate in the concrete.

With no evident unanimity presently ready
in literature, this research™ will aim to explain
the strength characteristics of concretes
containing different three particle sizes of
wastes glass as a partial substitution of fine
aggregate by 10% interval up to 30% and make
a comparison with control sample.
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2. Materials Used

Cement: The cement used in all concrete
mixtures was ordinary Portland cement type |
complies with the requirement of 1QS
No0.5/1984 as represented in Table 1 and 2.

Table 1: Chemical composition of cement used

Compound Weight,% 1QS No0.5/1984

CaO 64.10 -

SiO, 20.88 -

Al ;05 3.74 -

Fe ,03 4.50 -

SO; 2.10 2.80% max if C3A>5
2.50% max if C3A <5

MgO 1.00 5.0% max

I.R 0.82 1.5% max

L.O.l 1.98 4.0% max

LS.F 0.95 0.66-1.02

CsS 21.30 -

C.S 52.30 -

CsA 6.20 5.0% min

C,AF 9.30 -

Table 2: Physical properties of cement used

Property Value 1QS No.5/1984
Fineness, m%/Kg 338 >230
Setting time, hrs:min

Initial set. 2:35 >00:45

Final set. 4:30 <10:00
Compressive strength, MPa

3-day 20.35 >15.00

7-day 26.26 >23.00
Autoclave expansion,% 0.14 <0.80

Fine and Coarse Aggregate: Natural sand and
gravel of maximum size 4.75mm and 20 mm
respectively were used as fine and coarse
aggregate (FA and CA). Table 3 and 4 denoted
to the properties and gradation of aggregate
used.

Table 3 Properties of natural used

Property CA FA
Specific gravity 2.72 2.66
Absorption capacity (%) 0.72 0.98
Unit weight (kg/m3) 1686 1739

Table 4 Gradation of fine aggregate used

Sieve size, 375 20 10 4.75
mm
1QS No.45/1984 100 95-100 30-60 0-10
(5-20) mm
CA 100 99.31 55.09 8.75

Sieve size, 10 475 236 118 060 030 0.15
mm

1QS No.45
/984, 100 90-100 75-100 55-90 35-59 8-30 0-10
Zone 2
FA 100 100 95.17 86.45 49.62 22.03 6.68

Waste Glass : Locally available waste glass is
collected and converted into three categories on
the bases of its particles size; glass powder
(GP) up to 600um, fine glass (FG) up to
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2.36mm and coarse glass (CG) up to 4.75mm.
Table 5 demonstrated the chemical
composition and some properties of WG used.

Table 5: Chemical composition and some
properties of WG used

Compound Weight,%
CaO 8.31
SiO; 72.40
Al ;0,4 1.72
Fe ,03 1.35
MgO 2.19
SOs 0.73
Na,O 13.75
KsO 0.23

Property

Specific gravity 2.54
Absorption capacity (%) 0.14
Unit weight (kg/m3) 1563

Water: Tap water was used for mixing and
curing of concrete.

Mixture Design and Experimental
Procedure

The concrete mix design was proposed
according to ACI 211.1-95 standard for
control mix for the target strength of 25 MPa at
28-day with slump (75-100) mm. The ratio of
cement, sand and gravel is (1:1.55:2.53) and
water-cement ratio is 0.47 which is constant for
all mixes to determine the effect of various
levels to WG on the compressive and flexural
strength of concrete mix. The experimental
work starts by cast cubes and prisms for trial
mix without replacing of WG in the ratio of 0%
was grad WGO. Then, three groups of concrete
mixes were prepared in laboratory. First group
was sand replacement by GP particles
(600um). While, in the second group, FG
particles (2.36mm) was replaced. Whereas
third group includes replacement of CG
particles (4.75mm). The rates of replacing to
WG were 10%, 20% and 30% for each group
and compared with the control mix (WG0). As
a result, a total of ten mixtures were produced
including control mixture without any
replacement to WG. The details of mixes are
given in Table 6.

Table 6 Replacement proportions and slump
test Results

Mix code GP FG CG Slump
% % % mm
WGO0 - - - 78
GP10 10 - - 84
GP20 20 - - 91
GP30 30 - - 98
FG10 - 10 - 80
FG20 - 20 - 83
FG30 - 30 - 87
CG10 - - 10 79
CG20 - - 20 68
CG30 - - 30 52
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After the mixing process, slump test was
carried out to measure the workability. Then,
the fresh mixes were fed into the cubes and
prisms of steel moulds with dimensions of
100mm and 100x100x400mm respectively to
evaluated the compression and flexion at age
of 28 and 90 days. Twelve specimens were
created for each percentage replacement of
glass, with six cubes samples being used for
28 and 90 days compressive strength tests and
six prisms samples being used for 28 and 90
days modulus of rupture tests. Totally 120
specimens were cast and tested for the
compressive and flexural strength at desired
age.

3. Results and Discussion
3.1. Slump

The results obtained are presented in Table
6 and Fig.1. An initial slump of 78mm was
obtained for the control concrete mix, while
mixes containing WG as GP and FG exhibited
slump ranging from (2-26)% higher than that
of the control mix as illustrated in Fig.2. This
increase may be attributed to the fact that fine
particle size has a large volume as a result
mixture with more consistent. On the other
hand, in response to the addition of WG as CG,
the slump demonstrates a decreasing trend
ranging from (10-41)% compared to slump of
conventional mix. This may be returned to
harsh texture of coarse size to WG due to
sharp edges and angular shapes (Keryou, 2014)
or due to the loss of effective water from
specimen through rapid transportation caused
by more voids produced by equivalent waste
glass component in lieu of natureal sand being
heavier than the later (Singh, 2015). Although
the disparity in the resulting values for slump
test, but all the concrete mixes were workable
and some of which overrides the allowed
levels of (75-100)mm. On the other hand, no
isolation or bleeding observed™ during the
processing, according to research that
indicated that less than 50% replacement for
fine aggregate had a little unfavorable effects
on the fresh properties fresh (Taha, B., 2009).
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Figure 1: Variation of slump for all mixes
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Figure 2: Variation of slump for WG mixes
with respect to control mix

3.2. Compressive Strength:

Table 7 and Fig. 3 show the values of
compressive strength test for specimens cured
at age 28 and 90 days. This results reveal that
using WG in concrete as GP improved the
compressive strength of the concrete specimens
at all ages. The maximum effect was reported
at percentage of 30%, where the increase in
compressive strength at 28-day 18.64% higher
than that of traditional specimen. While, the
increasing achieved 2.02% higher at only
replacement level of 10% to FG. This may be
returned to the nature of angular of glass
particles than the rounded sand
(Adaway,2015). In addition to the great
surface area which allows to highest bonding
with the cement paste as a result to that
stronger concrete matrix. On the contrary,
using WG in concrete as FG at level 20 and
30% showed slightly reduction in the
compressive strength at all ages. Accompanied,
gradual  considerable reduction in the
compressive strength with the increase in rate
of WG used as CG as represented in Fig.4 and
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5. The maximum effect was recorded at 40
percentage of 30% for FG and CG, where the 35 45’0
reduction in compressive strength at 28-day
7.01% and 28.52% lower than that of 30
conventional sample respectively. This may be 25
attributed to the lesser volume of equivalent 20
waste glass as compare to natural sand since
15
10

'y

former is heavier the later (Singh, 2015) or due
to the great reaction between the alkali in
cement and the reactive silica in glass

==g==Glass powder
=== Fine glass

90-day Compressive Strength
MPa

5
(Johnson,1974). == Coarse glass
O T T 1
Table 7: Results of compressive strength and 0 10 20 30

modulus of rupture tests Waste glass Content %
Mix  Compressive strength, MPa Modulus of rupture, MPa A . A
code Figure 5: Variation of 90-day compressive

28-day 90-day 28-day 90-day strength for WG mixes with respect to control

WG0 30.68 33.18 4.43 4.68 mix
GP10 32.77 34.71 4.46 4.75
GP20 34.23 35.97 457 4.87
GP30 36.40 37.26 4.69 5.01 3.3. Modulus of Rupture
FG10 31.30 33.20 4.44 411 The results of modulus of rupture tests with
FG20 30.01 31.80 4.36 458 different WG contents and particle si ¢ 28
FG30 28.53 29.89 420 419 ifferen contents and particle sizes al
CG10 29.47 31.34 429 4.47 and 90 days are presented in Table 7 and Fig.6.
CG20 27.65 29.15 4.04 4.15 The effect of using WG on modulus of rupture
€G30 21.93 23.03 3.45 3.51 is similar to that on the compressive strength.

Where up to 30% GP substitution, flexural
40 1790 strength recorded maximum enhancement as

§ 35 28 | apparent in Fig. 7 and 8. The increases in
<30 ‘ol 1] flexural strength at 28-day was 5.87% higher
] 55 | | | compared to WGO specimen. Also, samples
£ containing 10% of FG indicates slightly higher
0 207 B modulus of rupture than that of reference
§ 15 B sample, where was achieved 0.23% at 28-day.
g 10 - = This increasing can be attributed to the
E 5 | L puzzolanic reaction of fine particle size. So
© 0 that, as the partical size of waste glass reduces
o o o it helps in enhancing strength of concrete
2 g g (Aphale, A., 2016) .After 10% of FG, it can be
Mix code seen that th_e red_u_ction in flexural strength
increases with rising the level of sand
replacement. However, at the different
Figure 3: Variation of compressive strength percentage of CG replacement, modulus of
for all mixes rupture is affected, especially at high levels of
o 40 replacement. The maximum negative effect on
§ 35 modulus of rupture recorded at the ratio 30% of
< CG where was 22.12% at age of 28-day. The
%" . e —— reason of this deterioration may be returned to
& 25 the lack of coherence between the components
2 5o \A of the concrete mixture with broken glass
2 (Abbas, 2011) as a results to the extremely
£ 15 poor shape, poor surface characteristics and
E 1o —#—Glass powder high friability of glass particles (Ammash,
< == Fine glass 2009).
"'5 > ==gr=Coarse glass
& o . . .
0 10 20 3

Waste glass Content %

Figure 4: Variation of 28-day compressive
strength for WG mixes with respect to control
mix
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Figure 6: Variation of modulus of rupture for
all mixes
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Figure 7: Variation of 28-day modulus of
rupture for WG mixes with respect to control

mix
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Figure 8: Variation of 90-day modulus of
rupture for WG mixes with respect to control
mix

974

Atwan, pp.970-975

4. Conclusion

1. All mixes that containing WG considered
workable and some of them exceeded the
tolerance levels of (75-100) mm such as
CG20 and CG30 mixes. No isolation or
bleeding observed “during the processing.

2. The mixes containing WG as GP and FG
exhibited higher slump compared to control
mix while the CG mixes demonstrated
decreasing in slump.

3. There is a gradual increase in the strength
of concrete with the addition of WG used as
GP. At the replacement of 30% of FA by
GP meets maximum strength as compare to
that of normal concrete. Also, it is found at
this percentage of GP, more beneficial and
capable to increased compressive and
flexural strength up to 18.64% and 5.87 %
respectively at 28-day compared to
conventional specimen.

4. The replacement of FG by FA at level 10%
by weight has a considerable effect on the
comparison and flexion properties. After
this percentage, can be noted decreasing in
that properties.

5. The presence of WG in the mixes as CG
leads to decrease in compressive and
flexural strength as the percentage of glass
is increased. However, up to 20% of
substitution, the reduction is not significant.
While, the maximum negative effect on
compressive strength and modulus of
rupture was at the ratio 30% of CG, where
was the reduction in compressive strength
28.52% opposite 22.12% for modulus of
rupture at age of 28-day.

6. The GP can be used as a partial replacement
of FA. Where, the finer glass particle size
exhibits comparatively better results than
coarser glass particle size.

7. The effect of replacement of FG was little
compared with GP.
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