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1. Introduction

As of 2005, the total global waste glass production estimate was 130 Mt, in which the European
Union, China and USA produced approximately 33 Mt, 32 Mt and 20 Mt, respectively. Being non-
biodegradable in nature, glass disposal as landfill has environmental impacts and also could be
expensive.

Sustainable construction practice means creation and responsible management of a healthy built
environment considering resource efficiency and ecology . Being versatile and economical,
concrete became prime construction material over the world, however, it has impacts on the
environment. Manufacturing of cement (key ingredient used for the production of concrete) is a
major source of greenhouse gasemissions. The use of supplementary cementitious
materials (SCMs) to offset a portion of the cement in concrete is a promising method for reducing
the environmental impact from the industry. Several industrial by-products have been used
successfully as SCMs, including silica fume (SF), ground granulated blast furnace slag (GGBS)
and fly ash. These materials are used to create blended cements which can improve concrete
durability, early and long term strength, workability and economy . Another material which has
potential as a SCM, however, has not yet achieved the same commercial success is waste glass.
Researches indicated that glass has a chemical composition and phase comparable to traditional
SCMis (). It is abundant, can be of low economic value and is often land filled. Milling of glass to
micro-meter scale particle size, for enhancing the reactions between glass and cement hydrates,
can bring major energy, environmental and economic benefits when cement is partially replaced
with milled waste glass for production of concrete. Studies also focused on used of waste glass
as aggregate in concrete production . Study on durability of concrete with waste glass pointed
better performance against chloride permeability in long term but there is concern about alkali-
silica reaction. Deleterious chemical constituents include sulfides, sulfates, and alkalis (which add
more alkali to concrete) creates higher risk of ASR over the life of the concrete. A good pozzolan
functions both to mitigate ASR and to consume the lime to greatly reduce efflorescence.
Utilization of waste glass in ceramic and brick manufacturing process is discussed in a recent
study.

The properties influence the pozzolanic behavior of waste glass and most pozzolans in concrete,
are fineness, chemical composition, and the solution present for reaction. The pozzolanic
properties of glass were first notable at particle sizes below approximately 300 um, and below
100 um, glass can have a pozzolanic reactivity at low cement levels after 90 days of curing (Shi et
al., 2005). This size can be achieved by using a grinding operation with the help of “Ball Mill”
which is generally used in cement industry to grind cement clinker. Several researches show that,
at the higher age recycled glass concrete (15% to 20% of cement replaced) with milled waste glass
powder provides compressive strengths exceeding those of control concrete.
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2. CHEMICALCOMPOSITION OF CEMENTAND GLASS POWDER

After reviewing the literature based on chemical properties of glass powder and cement the
chemical composition is given in Table 1.

Table 1: Chemical Composition

g’/(;nlly[;ox:,tuls?)l Cement Glass powder
Silica (Si0,) 17 -25% | 50 - 80%
Alumina (Al,O3) 3-8% 1 -10%

Iron oxide (Fe,03) 0.5-6% < 1%

Calcum oxide (CaO) 60-67% | 5-15%

Magnesium oxide (MgO) | 0.1 - 4% <1.5%
Sodium oxide (Na,O) 05-13% | 1-15%
Potassium oxide (K,0) 05-13% | <1%
Potassium oxide (K,0) 1-3% Nil

3.1 Glass Concrete

The recycling of waste glass poses a major problem for municipalities nationwide. New York City
alone collects more than 100,000 tons annually and pays Material Recycling Facilities (MRF’s)
up to $45 per ton for the disposal of the glass, commingled with metals and plastics. While the
MRF’s have little difficulty with profitably disposing of the metals and plastics, markets for
recycled glass are limited to nonexistent. The use of crushed waste glass as aggregate in
concrete is problematic because of the chemical reaction between the alkali in the cement and
the silica in the glass. This alkali-silica reaction (ASR) creates a gel, which swells in the presence
of moisture, causing cracks and unacceptable damage of the concrete. It can also occur in
regular concrete, if the natural aggregate contains certain reactive (typically amorphous) silica.

ASR in uranyl acetate treated concrete, visualized under UV-light



This phenomenon is particularly vexing, because it is a long-term problem, and the detrimental
consequences may not show for years. Predictions of the susceptibility of naturally occurring
aggregates are uncertain, as they require accelerated laboratory tests, which are of limited
reliability.

There is not much uncertainty with regard to ASR if waste glass is used as aggregate in concrete.
Research at Columbia has focussed on a basic understanding of the ASR phenomenon and on
searching for ways to avoid it or to mitigate its detrimental consequences. Some of the
techniques developed so far or under investigation are:

Grinding the glass fine enough. Mortar bars containing glass particles, which pass US standard
sieve #100 show no measurable expansion in the ASTM C 1260 Test.

Replacing part of the cement by metakaolin. This solution is well known in the concrete
industry and utilizes the fact that the metakaolin absorbs the alkali ions responsible for the

reaction.

Since metakaolin is relatively expensive, costing about three times as much as cement, we

are now searching for other, low-cost ASR-suppressing admixtures.

Applying protective coatings to the glass particles. The efforts of expanding this solution into
a viable and economical alternative are still at the conceptual stage.

Modifying the chemical formulas for the glass. Our research has shown that small amounts
of additives added to the glass melt have the potential of suppressing the ASR expansion.
Columbia University has obtained a patent for discovering that green glass (e.g. Heineken and
Beck’s beer bottles), which owes its color to chromium oxide, causes little or no reaction
according to the ASTM C 1260 Test.
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3.2 Using Waste Glass Powder in Concrete Mix

Basically waste glass powders are made from the waste glass material that cannot be reused
due to the high cost of manufacturing. Therefore the manufacture will disposed in the waste
landfill. Due to environmental problem, researcher tries to use the waste glass in to concrete, to
create a new material to use in construction field. Researcher found that, the main material
composition of glass is silica that also contain in cement production and other compound that
also similarly contain in cement production.

The chemical composition of these products is similar for a given type of glass, and typical
chemical compositions of the various color glass have been presented in Table 2.

Composition Clear Glass  Brown Glass Green Glass
Si02 72.42 72.21 72.38
Al203 1.44 1.37 1.49
TiO2 0.035 0.041 0.04
Cr203 0.002 0.026 0.130
Fe203 0.07 0.26 0.29
Cao 11.50 11.57 11.26
MgO 0.32 0.46 0.54
Na20 13.64 13.75 13.52
K20 0.35 0.20 0.27
503 0.21 0.10 0.07

Table 2.0: Chemical composition of various coloured glass



4. Environmental and financial considerations

There is an impetus to use industrial by-products/waste material in construction industry to
achieve sustainability in this sector. One ton cement manufacturing results in emission of 0.9 ton
of carbon dioxide (COz) to the atmosphere. Cement production also involves emission of
moderate quantities of NOx, SOx, and particulates. Recycling of each ton of glass saves over one
ton of natural resources. Waste glass is not bio-degradable and therefore, rational consideration
for alternative utilization dictates a diversion of the material away from landfill disposal sites.
Utilization of waste glass in concrete production not only provides significant environmental
benefits but also enhances performance of the concrete (both mechanical and durability
performance) when used at optimum quantity. From the test results and decision it was
concluded that up to 20% glass powder addition could be beneficial considering compressive
strength..
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From the compressive strength test results in mortar and concrete at 90 days, the optimum glass
content was found to be 20% for which compressive strength was 2% higher than the control
concrete. At the same time replacing 20% cement will reduce production and release of 18%
CO; in the environment. Considerable amount of NOx, SOx, and particulates will also be reduced
with this CO; emission reduction.
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