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Abstract

Utilization of waste glass at optimum amounts in concrete production not only provides significant
environmental benefits such as reducing carbon dioxide emissions generated during the production process of
cement but also enhances performance of the concrete and cement. The aim of this work was to review the effect
of addition of waste glass on cement and concrete. The review showed that addition of glass powder enhances
the compressive strength properties of the concrete product while using waste glass as aggregate showed that the
slump flow increased with the increase of recycled glass content. On the other hand, the compressive strength,
splitting tensile strength and flexural strength of the concrete were decreased with the increase in the recycled
glass content.
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1. Introduction

Nowadays, cement and glass industries face serious problems such as increasing environmental pressure
resulting from high greenhouse gases emissions and overcapacity (Ali et al., 2011; Mikul¢i¢ et al. 2013). Due to
non-biodegradable nature of waste glass, discarding it to landfill is not an environmental friendly practice
(Cassar et al., 2012; Liu, 2011). However, waste glass chemical composition and pozzolanic properties
encourage its use in the cement and concrete industries providing practical and an environmental friendly
solution for both of glass and cement industries (Dhirendra et al., 2012; Khmiri et al., 2012).

In this review we will shed some light on the latest practices of using waste glass in cement and concrete
industry including optimum ratio between waste glass and cement/concrete, and the effect of the glass properties
on the performance and durability of the produced cement and concrete (Ganjigatti et al, 2015; Khatib et al.,
2012; Federico and Chidiac, 2009; Jani and Hogland, 2014). The review will be divided into three sections: the
first section reviews the glass additive as aggregate, in the second section the partial replacement of cement with
waste glass will be reviewed, while in the third section the addition of waste glass as fiber will be reviewed.

2. Addition of Waste Glass as Aggregate

A number of studies were carried out to investigate the properties of fresh and hardened self-compacted concrete
when waste glass was added as aggregate. Tan and Du (2013) studied the properties of self-compacting glass
concrete (SCGC) which consist of liquid crystal display (LCD) glass added to the cement to replace the
aggregate in the following percentages: (0, 10, 20, 30)% by applying standard tests such as slump flow,
compressive and flexural strength on the produced concrete. Tan et al. observed that increasing replacement by
LCD glass, decreases the compressive and flexural strengths. On the other hand, the slump flow increased with
increasing glass replacement but reduced when glass percentage reaches 30%.

Ali and Al-Tersawy (2012) studied the effect of using recycled glass waste as a partial replacement of fine
aggregate by (0, 10, 20, 30, 40, 50)%, on the fresh such as slump flow and hardened properties of
self-compacting concrete (SCC). Ali and Al-Tersawy used 18 concrete mixes that were produced with different
cement contents (350, 400, 450)kg/m’ at W/C ratio of 0.4. Ali and Al-Tersawy had observed that the slump flow
increased with the increase of recycled glass content. On the other hand, the compressive strength, splitting
tensile strength and flexural strength were decreased with the increase in the recycled glass content (Idir et al.,



www.ccsenet.org/mas Modern Applied Science Vol. 10, No. 11; 2016

2009, 2010).

Gautam et al. (2012) studied the mechanical properties of self-compacted concrete with glass as a replacement of
fine aggregate by (10 — 40)%. Strength is found increase up to 20% replacement level. On the other hand,
decrease in strength is observed at 30 to 40% replacement level of waste glass with fine aggregate. Also the
optimum replacement level of waste glass as fine aggregate is 10% (Mageswari and Vidivelli, 2010).

Malik et al. (2013) studied the effect of using waste glass as a partial replacement of aggregate in self-compacted
concrete on fresh properties, compressive strength and tensile by (15, 30, 45 )%. Malik, et al. showed that the
slump flow increased with the increase of recycled glass. On the other hand, compressive strength and tensile
strength of SCC decreased due to the weak bonding between the cement paste and the glass aggregate. In
addition, the resistance to chloride ion penetrability and drying shrinkage were improved. The absorption and
porosity to water for the glass were very low.

Ling, et al. (2012) studied the performance of self-compacted concrete as a partial replacement of fine aggregate
by (0, 25, 50, 75, 100)% after exposure to four elevated temperatures of (300, 500, 600, 800) °C. The influence
of curing conditions on the high temperature performance of SCC were studied (Patel et al., 2012). Ling et al.
conclude that when concrete is exposed to temperature, all the water cured specimens had higher residual
strengths and mass losses, while the water porosity and absorption values were lower as compared to the
corresponding air cured specimens (Mardani-Aghabaglou et al., 2015). Thereafter, Ling et al. (2013) studied the
management and recycling of waste glass in concrete products.

De Castro and de Brito (2013) studied the mechanical properties of concrete such as durability made with glass
as a replacement of natural aggregates (NA) by (0, 5, 10, 20)% (Bajad et al. 2011. De Castro and de Brito found
that the particle size strongly affects the workability of concrete due to the lower density of the glass aggregates.
The mixes made with glass had a lighter fresh density than the standard concrete. Although there is a decrease in
the compressive strength when the replacement rate increases. They found that, in most cases, the GA does not
significantly alter the durability related properties of concrete.

3. Addition of Waste Glass as a Partial Replacement of Cement

A number of studies were carried out to investigate the fresh and hardened of self-compacted concrete by adding
waste glass as a partial replacement of cement. Kim et al. (2014) studied the strength and durability properties of
concrete with waste glass sludge (WGS) as a partial replacement of cement by (0, 10, 20, 30, 40, 50)% under an
environmental condition of freezing and thawing with the existence of de-icing salts (Matos and Sousa-Coutinho,
2012). Kim et al. showed that the compressive strengths of concrete with (5 — 10)% WGS are higher than the
control mixture (Ergiin, 2011). The resistance of concrete was improved to freezing and thawing cycles with and
without de-icing salt (Degirmenci et al., 2011; Ling et al., 2011).

Tejaswi et al. (2015) studied the feasibility of using ground glass in self-compacting concrete (SCC) as a partial
replacement for both the cement and fine aggregate on fresh and hardened concrete with replacing about 10%
cement and 10% sand (Saccani et al., 2010; Aly et al., 2012). Tejaswi et al. conclude that the strength was
reduced with ground glass increase. The ground glass would require a small increase in water/powder ratio and
the reduction in superplasticizer dosage in addition to saving landfill and reducing CO, emissions by the use of
less cement and sand (Vasudevan and Pillay, 2013).

Idir et al. (2011) studied the performance of concrete containing glass powder as partial replacement of Portland
cement by (0 — 40)% glass powder. They have done tests such as; ultrasonic pulse velocity, compressive strength
and absorption (Neithalath, 2011). The results indicated that 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 concrete (Vijayakumar et al., 2013).

Chikhalikar and Tande (2012) observed that manufacturing process of cement produces large amount of carbon
dioxide that it cause global warming and they oriented to replace a part of cement by (0%, 10%, 20%, 30%, 40%)
of glass to reduce the consumption of cement and the environmental pollution (Vandhiyan et al., 2013), also
studied the workability and strength properties of concrete. Chikhalikar and Tande concluded that the 20%
replacement of cement by waste glass powder will result in higher strengths, better workability, initial setting
time and final setting time increased for concrete.

Soroushian (2012) studied the improvement in properties of construction materials by using waste glass as a
powder by (5, 10, 15)% of cement in concrete. The compressive strength, split tensile strength, consistency and
flexural strength are measured. The result showed glass powder improves the mechanical properties and is
economical.
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Vaitkevicius et al. (2014) prepared glass powder of various types of recycled bottles that was used in ultra-high
performance concrete (UHPC) as a partial replacement of cement by (0 — 40)%. The result showed that adding
glass lead to a decrease porosity of UHPC which is beneficial for mechanical and durability properties.
Workability of concrete decreases when percentage of glass powder increases and bulk dry density of specimens
decreases with the increase in percentage of glass powder.

Bhat and Rao (2014) studied the influence of glass powder on the properties of concrete and finding cost
effective materials for increasing the strength of concrete structures with replacement of cement by waste glass
powder by (5, 10, 15, 20)% (Sangeetha et al., 2015). Bhat and Rao found that replacement 20% of cement by
glass powder lead to increase compressive strength of 27%. The slump was found to be 70 to 72mm. The water
absorption decreases and with increase in glass content percentage. The use of waste glass in concrete produced
economical concrete, reduced the disposal problem of waste glass and proved to be environmental friendly (Liu
etal., 2015).

Altaf et al. (2013) studied the development of alternative binders to achieve better concrete by adding waste
glass (10, 20, 30, 40)% as a partial replacement of cement (Mobasher, 2011; Kaur, 2011) and tested that
compressive and flexural strength up to 28 days of age. Jhala and Goliya found that after 28 days compressive
strength of modified concrete is increased 17.11% for M30 grade and 12.51% for M40 grade of controlled
concrete at the 20% replacement of cement by glass powder. Flexural strength is increased 12.23% for M30
grade and 7.11% for M40 grade of controlled concrete at the 20% replacement of cement by glass powder
(Course and Theor, 2012).

Taha and Nounu (2009) studied the effect of partial replacement of cement by different pozzolanic materials
such as glass on heat of hydration, setting time and compressive strength of concrete. Taha and Nounu conclude
that adding glass by (5, 10, 15, 20)% of cement achieved high compressive strength, low heat of hydration and
increased initial and final setting time of concrete.

Meena (2012) studied the waste glass powder as pozzolanic material in concrete, the percentage of replacement
cement by (15, 30)% of glass powder on laboratory tests were normal consistency, compressive strength test and
capillary absorption test were conducted (Jang, 2015). The result indicated that glass powder replacement
produces higher strength.

Kumarappan (2013) studied the effect of glass powder as a partial replacement of cement in concrete. The global
warming is caused by the emission of greenhouse gases such as CO, to the atmosphere. CO, contributes about
65% of global warming. The glass powder was partially replaced as (10, 20, 30, 40)%. Tests of compressive,
tensile and flexural strength up to 60 days of age as well as durability test, workability test and alkalinity test
were conducted. The results of replacement of glass powder in cement by 40% increase the split tensile strength
by 4.4% and by (20, 30, 40)% increase the flexural strength by (83.07, 99.07, 100)%.

Amen (2011) studied the replacement of cement by glass powder. Three mixes by (5, 10, 15)% of cement
replaced by glass powder in weight and laboratory tests like plastic state tests, split tensile strength of concrete,
compressive strength of concrete and flexural strength of concrete were conducted. The results show
improvement in the split tensile strength and that the 10% replacement of cement by glass powder is the best
proportion.

4. Addition of Waste Glass as a Fiber

A number of studies carried out to investigate the fresh and hardened of self-compacted concrete by adding
waste plastic a fiber. Yu et al. (2014) studied the impact resistance and mechanical properties of self-compacting
concrete reinforced with recycled glass fiber reinforced polymers (GFRP) by (0.25, 0.75, 1.25)% of fiber volume
fractions (Chira et al. 2016; Kumar et al, 2015). The results showed that adding recycled glass fiber reinforced
polymers improving the impact resistance (Chandramouli et al., 2010) and the mechanical properties of the
reinforced self-compacting concrete with glass fiber reinforced polymers (Rabadiya and Vaniya, 2015;
Chandramouli, 2010).

Mastali et al., 2016 studied the SCC made by usual ingredients such as cement, fine aggregate, coarse aggregate,
water, mineral admixture fly ash (Yang et al., 2015; Tobbi, et al., 2012) and demolished concrete at various
replacement percentage (5, 10, 15, 20)% (Moustafa and El Gawady, 2016; Baena et al., 2016). To enhance the
property of SCC made with the use of demolish concrete and fly ash, glass fiber has been added to the mix
(Phani et al., 2015; Baena Muifioz et al., 2016). Glass fiber in various (0.15, 0.20, 0.30)% of Wt. of cement has
been added in the mix which contain demolish concrete and gave the highest strength (Maranan et al., 2015).
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5. Conclusion

The review showed that waste glass can be used in concrete as a partial replacement of cement or aggregates.
However, the particle size of the glass waste plays a vital role in the ASR destructive reaction and the
performance of concrete. Increasing the percentage of waste glass aggregate reduces the maintenance of concrete.
Replacement of cement by glass powder lead to increase in compressive strength, the workability and the water
absorption decreases, the resistance of concrete to freezing and thawing cycles were improved with and without
de-icing salt. When used as a fine aggregate, the slump flow increased; the compressive strength, splitting tensile
strength and flexural strength were decreased with the increase in the recycled glass content due to the weak
bonding between the cement paste and the glass aggregate. The resistance to chloride ion penetrability and
drying shrinkage was improved — the absorption and porosity of water for the glass was very low. In most studies
the optimum percentage of waste glass (as aggregate or cement replacement) was 20%, when they used waste
glass in concrete to produce economical concrete that proved to be environmental friendly.
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