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                                                                   CHAPTER I 

BACKGROUND 

 

1.1. Introduction. 

The concern increases in construction industries to find alternative of natural sand used in 

concrete using by-products and recyclable waste materials which includes current and future 

trends of research on the use of manufactured fine aggregate in Portland cement concrete 

(Bahoria et al., 2013). Concerned to natural sand deposits drying up, decreasing empty land 

space and increasing of erosion all over the world, there is an acute need for a product that 

matches the properties of natural sand in concrete. As many villages changes into town and town 

changes to cities due to expansion and economic developments it has become clear that the 

availability of good quality natural sand is decreasing with a few local exceptions, it seems to be 

a global trend. Existing of natural sand deposits are being emptied at the same rate as 

urbanization and construction industries expands. New natural sand deposits are located either 

underground, too close to already built-up areas or too far away from the areas where it is needed 

to the place manufacturers of concrete are located which increases the cost.  

 

In addition environmental concerns being raised against uncontrolled extraction of natural sand, 

the arguments that are mostly in regards to protecting riverbeds against erosion, breaking of the 

bridge due to sand mining near it, and the importance of having natural sand as a filter for 

ground water. The above concerns, combined with issues of preserving areas of natural beauty, 

recreational value and biodiversity, are an integral part of the process for the construction 

industry today to think for alternative material especially waste use in concrete preparation for 

long term plan as most will agree that it will not change dramatically in the foreseeable future. 
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Crushed aggregate, bottom ash, foundry sand and various by-products are replacing natural sand 

and gravel in most countries.  

 

Tracing back in human history concrete it has been used long time ago, as the Romans knew it, 

was a new and revolutionary material. Laid in the shape of arches, vaults and domes, it quickly 

hardened into a rigid mass, free from many of the internal thrusts and strains that troubled the 

builders of similar structures in stone or brick. Modern structural concrete differs from Roman 

concrete in two important details. First, its mix consistency is fluid and homogeneous, allowing 

it to be poured into forms rather than requiring hand-layering together with the placement of 

aggregate, which, in Roman practice, often consisted of rubble. Second, integral reinforcing steel 

gives modern concrete assemblies great strength in tension, whereas Roman concrete could 

depend only upon the strength of the concrete bonding to resist tension. 

Glass is widely used in our lives through manufactured products such as sheet glass, bottles, 

glassware, and vacuum tubing. Glass is an ideal material for recycling and use of recycled glass 

helps in energy saving and environmental pollution reduction. The increasing awareness of glass 

recycling speeds up inspections on the use of waste glass with different forms in various fields in 

the world. One of its significant contributions is to the construction field where the waste glass 

was reused for concrete production. The application of glass in architectural concrete had been 

improving as many laboratory experiments be conducted to explore the use of waste glass as 

coarse aggregates, fine aggregates and glass powder for considering the effects of Alkali-Silica-

Reaction (ASR) for alleviation as well as the decorative purpose in concrete. (Gautam, et al, 

2012) .  
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Most of developing country facing problem in technology of recycling of solid waste material 

resulting to detrimental environmental impacts related to waste glass. Landfills are not 

effectively done due to lack of knowledgeable personnel and finance problem, thus letting cities 

and towns prone to environmental pollution. In recent years  there has been significant  increase  

in  the use of waste material in construction projects, due to the fact that they are  not  

detrimental  to  the  short  or  the  long  term  properties  of concrete and providing the platform 

for their effective disposal, waste glass is one such material (Mageswari, et al., 2010). Use of 

waste glass in construction will give solution to solid waste management if integrated properly in 

developing countries and also add the economic values of waste glass as it may reduce the cost 

of construction. 

 

Many studies had been conducted to study the use of waste glass to replace sand or gravel in a 

producing of concrete (Mageswari, et al., 2010; Gautam, et al., 2012; Siam 2011; Abbaspour 

2012), for studying usability and or workability and improvement of compressive strengths. 

Other  studies used glass powder to replace cement to study mechanical properties in 

performance, durability and workability as pozzolonic properties concerned similar to silica 

fume and fly ash in concrete mix (Shayan, 2002; Idir et al., 2009; Meena et al., 2012; Patricija 

Kara et al., 2012;Vijayakumar, et al., 2013; Vasudevan, et al., 2013). 

 

Although above studies explain about the possibility of using glass aggregates in designing 

concrete but also some researchers explained the core problem associate on using glass in 

making concrete as observation of Alkali Silica Reaction (ASR), a process of internal 

degradation of concrete involving certain siliceous phases of aggregates, alkalis found in the pore 
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solution of concrete, and portlandite. The ASR reaction is more observed when coarse glass 

aggregates material are used at which expansion of gel is pronounced detrimental, but when the 

size of glass are very small, reduces the ASR reaction to extinct and strength may exceed 

conventional concrete (Idir, et al., 2009; Meena, et al., 2012; Patricija Kara, et al., 2012; 

Vijayakumar, et al., 2013; Vasudevan, et al., 2013). Also it had proved that the concrete strength 

is more strong when glass powder are used to replace cement for designed concrete (Shayan, 

2002; Shayan et al., 2004; Maria Gheorghe et al., 2009), this is due to its pozzolonic properties.   

 

In addition of ASR, another problem of using glassin concrete is possibility of reducing strength 

of a concrete due to higher replacement of natural fine aggregates (sand). For example Ammash 

et al., (2009) investigating the possibility of using waste glass of size up to 5mm as a fine 

aggregate in concrete and mortar. The waste glass was used as a partial weight replacement of 

sand with percentages of 10, 20, 30 and 40 %. The results indicated that increasing the fractions 

of sand replacement by waste glass leads to reduce the compressive and tensile strength for both 

mortar and concrete. Up to 20 % replacement, the 28 days compressive strength of concrete and 

mortar was about 92 and 95 percent from the reference strengths, respectively. Also 

MageswariandVidivelli (2010), used sheet glass powder (SGP) as natural sand was partially 

replaced (10, 20, 30, 40 and 50 percent’s) respectively with SGP. Then Compressive strength, 

Tensile strength for (cubes and cylinders) and Flexural strength up to 180 days of age were 

compared with those of concrete made with natural fine aggregates. The test results obtained 

indicated that it is possible to manufacture concrete containing sheet glass powder (SGP) with 

characteristics similar to those of natural sand aggregate concrete provided that the percentage of 

SGP as fine aggregate is limited to 10 to 20 percent, respectively. 
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Hence, therefore with consideration of previous studies observation shown above on using waste 

glass as powder, fine aggregate or course aggregates, as replacement to study the suitability and 

or workability for improvement of compressive strengths of waste glass concrete mix. They have 

reached to almost similar conclusion for suitability and workability, although with modification 

and slight different in strength depending on the design of the mixture and age of the waste glass 

concrete mix. There is limited information on studies describing specific grade concrete for 

mechanical properties for fine glass aggregate concrete mix.  Therefore this study will use 

crashed waste glass in fine aggregate size for replacement of conventional fine aggregates (sand) 

in waste glass concrete mix to try to specify mechanical properties in samples of concrete 

prepared for need of grade 30 MPa in 28 days duration. The study of mechanical properties 

(compressive strength, flexural and modulus of elasticity) and chemical properties for (Alkali-

silica reaction) using ASTM standard tests will be examined in laboratory.  

1.2. Problems statement 

The decreasing of amount of natural resources for conventional aggregates, environmental 

concern for erosion and increasing cost of constructional materials are off paramount worldwide. 

Together with accumulation of waste glass in many cities from glass industries and household 

uses and disposal are on the detrimental rise with the lack of recycling plants for waste glass. 

Glass bottles and glass sheets disposed in many towns randomly, in a way that causes problems 

for the environment, injured, health, diseases and uncomfortable cities views. The landfill 

process in many cities are inefficient to clean the glass disposal and for those actively done lack 

skilled human resources, technology and enough suitable land for action.  
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Uses of glass in construction have shown to be effective way to reduce burden to cities 

authorities and at the same time adding economic value and reducing the cost of construction. 

There has been an increasing significant interest in the development of concrete mixes with 

waste glass based on economic advantage, but problem still raise in the optimum amount of 

using Recycled Glass as fine aggregate in a concrete until recent no standard amount had been 

described.  

With question to be considered;  

1. What the   amount of glass can be suitable to replace fine aggregate in making concrete 

with high strength? 

2.  What effect of reduction of ASR in waste glass concrete mixture? 

3. What are the compressive strengths, Flexural strengths and modulus of elasticity for the 

waste glass concretes at up to age of 28 days? 

 

1.3. Hypothesis 

Case: 1.  

1. Ho: The optimum amount of fine glass aggregate in concrete mix will not determine the 

 workability and strength of concrete  

2. H1: The optimum amount of fine glass aggregates in concrete mix will determine the 

 workability and strength of concrete.  

Case  2. 

1. Ho: There is no reduction of ASR effect in optimum amount of fine aggregates in glass 

concrete mix 

2. H1: There is ASR effects in optimum amount of fine aggregates in concrete mixture 
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1.4. Objectives 

To achieve the goal of this study and purpose for the experimental work, analysis and discussion 

to be made the objectives of the research are: 

1. To determine the amount of waste glass replacement that still meets the standard 

compressive strength. 

2. To analysis the Alkali Silica Reaction (ASR) expansion effect for the use of waste 

glass in a design concrete mixes. 

3. To examine the mechanical properties of compressive strength, flexural strength and 

modulus of elasticity for waste glass fine aggregate replacement at 28 days. 

1.5. Scope of Study 

The study used waste glass bottle crush fine aggregate to replace fine conventional aggregates in 

cube concrete designed 1m3 for 2332 Kg of 30 MPa grade strengths in 28 days as tested after 28 

days. The waste glass obtained from Solo city glass stores any of the color. The concrete design 

tested mechanical properties of compressive strengths, flexural strengths, alkali-silica reaction 

(ASR) and Modulus of elasticity between October and December 2014 in Muhammadiyah 

University Laboratory. 

  

1.6. Justification, Significance or Benefit 

I have chosen this topic because of most developing country facing shortage of post consumer’s 

disposal waste site and it’s become very serious problems. For this reason, regenerating and 

using waste product as resources and prevent environmental pollutions, getting holistic 

knowledge and skills in preparation and constructing suitable glass waste concrete mix will 

enable to transfer knowledge and technology for benefit of engineering industry in developing 
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country especially in Libya. Use of waste glass in concrete mixture for construction will act as 

recycling of waste glass in developing country, thus eliminating some of the environmental 

problems caused by the waste glass. Moreover since waste glass price are cheap will reduce the 

cost of construction to costumer and constructors and to raise economic of the country.  

 

1.7. Methodology of the study 

This study will be done in experimental form in laboratory 

 

 

 

 

 

 

 

 

 

 


