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Abstract 

This study is mainly concerned with conducting experimental investigation for testing 

the suitability of plastic and demolished waste as a partial replacement in concrete 

mix. In the present scenario, no construction activity can be imagined without using 

concrete. Concrete is the most widely used building material in construction industry. 

As it is widely used for construction of various structures, the economy is dependent 

upon the cost of material used in making concrete. 

On the other hand, due to rapid urbanization and industrialization all over the world, 

huge quantities of plastic waste and demolished waste are being generated. The 

disposal of these wastes is a very serious problem because, it requires huge space and 

also it causes environmental pollution. In this situation, construction industry is in 

need of finding cost effective materials for increasing the strength of concrete. 

So, in this project it is dealt with the possibility of using the plastic waste and 

demolished waste as the partial replacement of fine aggregate and coarse aggregate in 

concrete mix. In this perspective, it is aimed at comparing the properties of 

conventional concrete mix with the concrete mix prepared using plastic waste and 

demolished aggregate.  

In the present experimental investigation, plastic waste is used as replacement of fine 

aggregate partially by 10% and coarse aggregate is replaced with demolished 

aggregate partially by 0%, 10%, 20%, 30%, 40% and 50%. The conventional mix has 

been designed for C-25 grade concrete. In this investigation seven mixes are prepared; 

the specimens used are cubes of size 150mm length, 150mm width and 150mm depth, 

cylinders of size 150mm diameter and 300mm of height and flexural beam moulds of 

size 500mm length, 150mm width and  150mm depth.  
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Initially, conventional mix is prepared by using conventional materials (cement, 

natural sand, natural aggregate and water) and their physical and mechanical 

properties were evaluated. Now, the concrete with recycled wastes are prepared and 

these are also tested for their properties, likewise all the seven mixes were prepared. 

For every mix 18 specimens (6 cubes, 6 cylinders, 6 flexural beam specimens) were 

casted and thus totally 126 specimens were prepared. Specimens of every mix were 

tested for compressive strength, splitting tensile strength and flexural strength test at 7 

and 28 days after curing.  

With constant percentage replacement of plastic waste in place of sand and varying 

percentage replacement of coarse aggregate with demolished aggregate, it is found 

that the density of concrete can be varied from 2500 to 2100 kg/m3. The workability 

of fresh concrete was decreased with increase in addition of recycled aggregate. From 

the results it is found that by replacing the natural sand and coarse aggregate by 

plastic waste and recycled aggregate in the normal concrete, compressive strength 

(fck), split tensile strength (ft) and flexural strength decreases with increase of recycled 

wastes.  

From the experimental investigation, it is concluded that fine aggregate replaced with 

10% of plastic waste and coarse aggregate replaced with 10% of recycled aggregate, 

the properties of fresh concrete were good and also it reached the target mean strength 

of conventional concrete.    

 

Key Words: Aggregate, Concrete, Recycled plastic wastes, Demolished wastes,         

Compressive strength, Splitting tensile strength, Flexural strength. 
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1. INTRODUCTION 

1.1 Background of the Study 

Cement and aggregate, which are the most important constituents used in concrete 

production, are the vital materials needed for the construction industry. This 

inevitably led to a continuous and increasing demand of natural materials used for 

their production. Parallel to the need for the utilization of the natural resources 

emerges a growing concern for protecting the environment and a need to preserve 

natural resources, such as aggregate, by using alternative materials that are either 

recycled or discarded as a waste. 

Now-a-days infrastructure development across the world has created demand for 

construction materials. Concrete is the premier civil engineering construction 

material. It contains ingredients like cement, aggregates, water and admixtures. At 

present, huge quantities of construction materials are required in developing countries 

due to continued infrastructural growth and also huge quantities of plastic waste and 

demolition waste are generated every year in developing countries like Ethiopia. The 

disposal of this waste is a very serious problem because on one side it requires huge 

space for its disposal while on the other side it pollutes the environment. It is also 

necessary to protect and preserve the natural resources like stone, sand etc. continuous 

use of natural-resources, like river sand is major problem and this increases the depth 

of river bed in drafts and also changing the climatic conditions [1]. 

According to Kumaran S.G. et al, the goal of sustainability is that life on the planet 

can be sustained for the foreseeable future and there are three components of 

sustainability: environment, economy, and society [1]. To meet its goal, sustainable 

development must ensure that these three components remain healthy and balanced. 

Furthermore, it must do so simultaneously and throughout the entire planet, both now 

and in the future. At the moment, the environment is probably the most important 

component and an engineer or architect uses sustainability to mean having no net 

negative impact on the environment [1].  

So, the sustainable concept was introduced in construction industry due to growing 

concern about the future of our planet, because it is a huge consumer of natural 

resources as well as waste producer. This has created what we call the biggest 

problem of the world, demolished waste and plastic waste accumulation. Hence there 
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is a need to recycle these waste into something more useful and environment friendly. 

To achieve this, major emphasis must be laid on the use of waste from various 

industries. The use of aggregates from construction and demolition waste in pavement 

beds is the most useful way of reusing this material. Even though considered as a 

valid re-use technique, it is not the best economic valorization of this resource and it 

is considered by many researchers to be a down-cycling process that depreciates the 

capacities of the material. But the production of structural concrete with recycled 

aggregates, however, offers great potential and recycles the materials viably and 

effectively. Research into new and innovative use of waste materials being undertaken 

world-wide and innovative ideas that are expressed are worth of this important 

subject. 

In addition to the environmental benefits in reducing the demand of land for disposing 

the waste, the recycling of plastic and demolition wastes can also help to conserve 

natural materials and to reduce the cost of waste treatment prior to disposal. The 

largest proportions of demolition waste are concrete rubbles and plastic wastes are 

covers, polythene bags, PVC pipes etc. it has been shown that the crushed concrete 

rubble, after separated from other construction and demolition waste and sieved, can 

be used as a substitute for natural coarse aggregates in concrete. Re-use of bulky 

waste is considered the best environmental alternative for solving the problem of 

disposal. 

Today, more than ever before, the civil engineering is required to give through and 

time to problem of concrete making and its utilization with economy. The result 

accomplished in the field by the engineer-in-charge depends upon his knowledge of 

concrete and of the constituent materials. 

1.2 Statement of the Problem 

Concrete has been a major construction material for centuries. Moreover, it would 

even be of high application with the increase in industrialization and the development 

of urbanization. Yet concrete construction so far is mainly based on the use of virgin 

natural resources. Meanwhile the conservation concepts of natural resources are worth 

remembering and it is very essential to have a look at the different alternatives. 

Among them lies the recycling mechanism. This is a twofold advantage. One is that it 

can prevent the depletion of the scarce natural resources and the other will be the 

prevention of different used materials from their severe threats to the environment.  
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When structures made of concrete are demolished or renovated and also when the 

plastics are thrown away after getting used, concrete recycling is an increasingly 

common method of utilizing the rubble and plastic waste individually or combined. 

Concrete and plastic waste was once routinely trucked to landfill for disposal, but 

recycling has a number of benefits that have made it more attractive option in this age 

of greater environmental awareness, more environmental laws and the desire to keep 

construction costs down. 

Demolished waste and plastic waste accumulation is becoming the biggest problem in 

our country [17]. The disposal of these wastes is a very serious problem because, it 

requires huge space and also it causes environmental pollution. In this situation, it is 

also necessary to protect and preserve the natural resources. The increasing cost of 

construction materials to produce concrete and also the increasing of cost of waste 

treatment prior to disposal are also another major problems.  

Most of the time, used plastic bottle waste and demolished waste are not noticed to be 

applied in a useful way. It is rather becoming a potential waste and pollutant to the 

environment. Moreover, the collecting process of waste plastics & demolished wastes 

are not very costly as compared to the extraction or production of mineral aggregates 

used in normal concrete. Hence, this study is intended to show the feasibility of using 

waste plastic and demolished waste combined concrete in Ethiopia as a partial 

replacement for fine and coarse aggregate in concrete. 

Therefore, the use of recycled waste plastics and demolished wastes as an aggregate 

can provide the solution for two major problems: the environmental problem created 

by waste plastics and demolished wastes and the depletion of natural resources by 

aggregate production consequently the shortage of natural aggregates in some 

countries.   

1.3 Objectives of the study 

1.3.1 General Objective 

The general objective of this research is to evaluate the fresh and hardened properties 

of the concrete produced by replacing part of the natural fine and coarse aggregate 

with an aggregate produced from locally available recycled waste plastic and 

demolished waste. 
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1.3.2 Specific Objectives 

The specific objectives of the research are listed as follows:  

 To characterize the plastic and demolished waste 

 To study the effect of the percentage replacement of plastic and demolished 

wastes on the fresh and hardened property of concrete 

 To determine the optimal value of waste based mix having similar properties 

with conventional C-25 concrete  

 To see the economical advantage of recycling of these wastes  

1.4 Significance of the Study 

The significance of this study includes; 

 To protect and preserve the natural resources like aggregate and sand 

 To decrease cost of construction materials to produce concrete  

 To decrease cost of waste treatment  prior to disposal 

 To develop recycling of plastic and demolition wastes 

1.5 Scope of the Research 

1. This study concentrated on the performance of a single gradation of combined 

plastic and demolished waste concrete mix. A cold washed plastic wastes granules are 

collected from a local company called COBA IMPACT PLC with a uniform size 

ranging from 5 to 10mm, which is the aggregate size in the mix design. The 

demolished wastes are collected from local sources and prepared to achieve a uniform 

size of 20mm, which is the aggregate size in the mix design.  

2. The influence of different gradations of the recycled waste aggregates on concrete 

properties was not evaluated in this study but it should be considered in future 

researches.  

3. The study was done on one grades of concrete (C25). The influence of using 

recycled plastic and demolished wastes in high strength concrete was not covered in 

the present study. The percentage replacements were limited to one category for 

plastic wastes i.e. 10% and five categories for demolished wastes i.e. 10, 20, 30 40 

and 50% replacement of the natural fine and coarse aggregate. The different effects, 

which can be observed in different percentages of replacements for plastic waste, 

were not included in the present study. 
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2. LITERATURE REVIEW 

2.1 Introduction 

In this chapter a brief literature survey conducted on the use of plastic waste and 

demolished waste in making concrete has been presented.  

  Recycled aggregate is becoming an increasingly popular way to utilize aggregate left 

behind when structures or roadways are demolished and also the waste plastics which 

are produced from industries and households. In the past, these two wastes were 

disposed of in low lying areas, but with more attention being paid to environmental 

concerns, concrete recycling allows reuse of the plastic waste and demolished waste 

while also keeping construction costs down. When structures made of concrete are 

demolished or renovated and also when the plastics are thrown away after getting 

used, concrete recycling is an increasingly common method of utilizing the rubble and 

plastic waste individually or combined. Concrete and Plastic waste was once routinely 

trucked to landfills for disposal, but recycling has a number of benefits that have 

made it a more attractive option in this age of greater environmental awareness, more 

environmental laws and the desire to keep construction costs down. 

2.2 General Characteristics and Constituents of Concrete 

2.2.1 Characteristics of Concrete 

Concrete is basically a mixture of two components: aggregates and paste. The paste, 

comprised of Portland cement and water, binds the aggregates (usually sand and 

gravel or crushed stone) into a rocklike mass as the paste hardens because of the 

chemical reaction of the cement and water [2]. 

Concrete is a composite material composed of coarse granular material (the aggregate 

or filler) embedded in a hard matrix of material (the cement or binder) that fills the 

space between the aggregate particles and glues them together [3]. In its simplest 

form, concrete is a mixture of paste and aggregates. The paste, composed of Portland 

cement and water, coats the surface of the fine and coarse aggregates (see Fig 

2.1).Through a chemical reaction called hydration, the paste hardens and gains 

strength to form the rock-like mass known as concrete [4]. 

Developing and maintaining world’s infrastructure to meet the future needs of 

industrialized and developing countries is necessary to economically grow and 

improve the quality of life. The quality and performance of concrete plays a key role 
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for most of infrastructure including commercial, industrial, residential and military 

structures, dams, power plants and transportation systems. Concrete is the single 

largest manufactured material in the world and accounts for more than 6 billion metric 

tons of materials annually. In the United States, federal, state, and local governments 

have nearly $1.5 trillion dollars in investment in the U.S. civil infrastructure. The 

worldwide use of concrete materials accounts for nearly 780 billion dollars in annual 

spending [5].  

The ability of concrete to be cast to any desired shape and configuration is an 

important characteristic that can offset other shortcomings. Good quality concrete is a 

very durable material and should remain maintenance free for many years when it has 

been properly designed for the service conditions and properly placed. Of course, 

proper use of the structure for the intended function can have a significant role. 

Through choice of aggregate or control of paste chemistry and microstructure, 

concrete can be made inherently resistant to physical attack, such as from cycles of 

freezing and thawing or from abrasion and from chemical attack such as from 

dissolved sulfates or acids attacking the paste matrix or from highly alkaline pore 

solutions attacking the aggregates. Judicious use of mineral admixtures greatly 

enhances the durability of concrete [3].  

The main advantages of concrete as a construction material are the ability to be cast, 

being economical, durability, fire resistance, energy efficiency, on-site fabrication and 

its aesthetic properties. Whereas the disadvantages are low tensile strength, low 

ductility, volume instability and low strength to weight ratio [3]. 
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Fig. 2. 1. Components of concrete [4] 

2.2.2 Constituents of Concrete 

2.2.2.1 Cement  

Cement is a generic name that can apply to all binders. It was patented by J. Aspdin in 

the U.K. in 1824 and he called his product Portland Cement because the ‘artificial 

stone’ (concrete) made with it resembles Portland stone [4]. The chemical 

composition of the cements can be quite diverse but by far the greatest amount of 

concrete used today is made with Portland cements [3]. For this reason, the discussion 

of cement in this thesis is mainly about the Portland cement.  

Portland cement, the basic ingredient of concrete, is a closely controlled chemical 

combination of calcium, silicon, aluminum, iron and small amounts of other 

ingredients to which gypsum is added in the final grinding process to regulate the 

setting time of the concrete. Lime and silica make up about 85% of the mass. 

Common among the materials used in its manufacture are limestone, shells, and chalk 

or marl combined with shale, clay, slate or blast furnace slag, silica sand, and iron ore. 

Each step in the manufacturing of Portland cement is checked by frequent chemical 

and physical tests in plant laboratories. The finished product is also analyzed and 

tested to ensure that it complies with all specifications [3].  

2.2.2.1.1  Types of Portland Cements  

Different types of Portland cement are manufactured to meet various normal physical 

and chemical requirements for specific purposes. Portland cements are manufactured 
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to meet the specifications of ASTM C 150. ASTM C 150, Standard Specification for 

Portland Cement, provides for eight types of Portland cement using as follows [2]:  

Type I Normal  

Type IA Normal, air-entraining  

Type II Moderate sulfate resistance  

Type IIA Moderate sulfate resistance, air-entraining  

Type III High early strength  

Type IIIA High early strength, air-entraining 

 Type IV Low heat of hydration  

Type V High sulfate resistance  

White portland cement 

Type I 

Type I portland cement is a general-purpose cement suitable for all uses where the 

special properties of other types are not required. Its uses in concrete include 

pavements, floors, reinforced concrete buildings, bridges, tanks, reservoirs, pipe, 

masonry units, and precast concrete products. 

Type II 

Type II Portland cement is used where precaution against moderate sulfate attack is 

important. It is used in normal structures or elements exposed to soil or ground waters 

where sulfate concentrations are higher than normal but not unusually severe. Type II 

cement has moderate sulfate resistant properties because it contains no more than 8% 

Tricalcium Aluminate (C3A). Use of Type II cement in concrete must be accompanied 

by the use of a low water to cementitious materials ratio and low permeability to 

control sulfate attack.  

Type II cements specially manufactured to meet the moderate heat option of ASTM C 

150 (AASHTO M 85) will generate heat at a slower rate than Type I or most Type II 

cements. A cement in which heat-of-hydration maximums are specified can be used in 

structures of considerable mass, such as large piers, large foundations, and thick 

retaining walls. Its use will reduce temperature rise and temperature related cracking, 

which is especially important when concrete is placed in warm weather.  



 

9 

 

Because of its increased availability, Type II cement is sometimes used in all aspects 

of construction, regardless of the need for sulfate resistance or moderate heat 

generation. Some cements may be labeled with more than one type designation, for 

example Type I/II. This simply means that such a cement meets the requirements of 

both cement Types I and II. 

Type III  

Type III is a high-early strength portland cement that provides high strengths at an 

early period, usually a week or less. It is used when forms are to be removed as soon 

as possible, or when the structure must be put into service quickly. In cold weather, its 

use permits a reduction in the controlled curing period. Although richer mixtures of 

Type I cement can be used to gain high early strength, Type III, high early- strength 

portland cement, may provide it more satisfactorily and more economically.  

Type III Portland cement provides strength at an early period, usually a week or less. 

It is chemically and physically similar to Type I cement, except that its particles have 

been ground finer. It is used when forms need to be removed as soon as possible or 

when the structure must be put into service quickly. In cold weather its use permits a 

reduction in the length of the curing period. Although higher-cement content mixes of 

Type I cement can be used to gain high early strength, Type III may provide it easier 

and more economically. 

Type IA, IIA, IIIA  

Specifications for three types of air-entraining portland cement (Types IA, IIA, and 

IIIA) are given in ASTM C 150. They correspond in composition to ASTM Types I, 

II, and III, respectively, except that small quantities of air-entraining material are inter 

ground with the clinker during manufacture. These cements produce concrete with 

improved resistance to freezing and thawing. Such concrete contains minute, well-

distributed, and completely separated air bubbles. Air entrainment for most concretes 

is achieved through the use of an air-entraining admixture, rather than through the use 

of air-entraining cements. Air-entraining cements are available only in certain areas. 

Type IV 

Type IV portland cement is used where the rate and amount of heat generated from 

hydration must be minimized. It develops strength at a slower rate than other cement 

types. Type IV cement is intended for use in massive concrete structures, such as 
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large gravity dams, where the temperature rise resulting from heat generated during 

hardening must be minimized. Type IV cement is rarely available. 

Type V  

Type V is sulfate-resisting cement used only in concrete exposed to severe sulfate 

action principally where soils or ground waters have high sulfate content. Type V 

Portland cement is used in concrete exposed to severe sulfate action principally where 

soils or ground waters have high sulfate content. It gains strength more slowly than 

Type I cement. The high sulfate resistance of Type V cement is attributed to low 

Tricalcium Aluminate content, not more than 5%. Use of a low water to cementitious 

materials ratio and low permeability are critical to the performance of any concrete 

exposed to sulfates. Even Type V cement concrete cannot withstand a severe sulfate 

exposure if the concrete has a high water to cementitious materials ratio. Type V 

cement, like other Portland cements, is not resistant to acids and other highly 

corrosive substances.  

White Portland Cement 

White Portland cement (WPC) is made with raw ingredients that are low in iron and 

magnesium; the elements that give cement its grey color.  These elements contribute 

essentially nothing to the properties of cement paste, so white portland cement 

actually has quite good properties.  It tends to be significantly more expensive than 

OPC, however, so it is typically confined to architectural applications [6].  
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Table 2. 1. General features of the main types of Portland cement [6]. 

 Classification Characteristics Applications 

Type I General purpose Fairly high C3S 

content for good early 

strength development 

General construction 

(most buildings, 

bridges, pavements, 

precast units, etc) 

Type II Moderate sulfate 

resistance 

Low C3A content 

(<8%) 

Structures exposed to 

soil or water 

containing sulfate 

ions 

Type III High early strength Ground more finely, 

may have slightly 

more C3S 

Rapid construction, 

cold weather 

concreting 

Type IV Low heat of 

hydration (Slow 

reaction) 

Low content of C3S 

(<50%) and C3A 

Massive structures 

such as dams. Now 

rare. 

Type V High sulfate 

resistance 

Very low C3A content 

(<5%) 

Structures exposed to 

high levels of sulfate 

ions 

White 
White color No C4AF, low MgO Decorative 

(otherwise has 

properties similar to 

Type I) 

 

2.2.2.2 Aggregates 

Aggregates are the important constituents in concrete. They give body to the concrete, 

reduce shrinkage and effect economy. The mere fact that the aggregates occupy 70–

80 percent of the volume of concrete, their impact on various characteristics and 

properties of concrete is undoubtedly considerable [7]. 

They are granular materials derived for the most part from natural rock (crushed stone 

or natural gravels) and sands, although synthetic materials such as slag and expanded 

clay or shale are used to some extent, mostly in lightweight concrete. In addition to 

their use as economical filler, aggregates generally provide concrete with better 

dimensional stability and wear resistance. Based on their size, aggregates are divided 

into coarse and fine fractions. The coarse aggregate fraction is that retained on the 

4.75mm sieve. While the fine aggregate fraction is that passing the same sieve [3]. 
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Based on their origin, aggregates can be classified as natural aggregates and non 

natural aggregates [7].  

2.2.2.2.1 Natural Aggregates  

Natural aggregates are materials composed of rock fragments which are used in their 

natural state except for such operations as crushing, washing, and sizing.  They are 

derived from naturally occurring geological sources, which are processed and 

beneficiated to a greater or lesser extent to produce hard, non-cohesive granular 

materials of varying sizes that can be incorporated into concrete. Natural aggregates 

are processed by crushing, screening, and washing to render them useful for 

engineering purposes [8]. 

The sources of natural aggregates are by directly extracting from land- or sea-based 

deposits, from gravel pits or hard-rock quarries, from sand dunes or river courses. 

They thus comprise gravels, either crushed or uncrushed, crushed stone, produced 

from the artificial crushing of rock, boulders, or large cobble stones, and sand, which 

is fine granular material passing the 4.75-mm sieve[8]. 

All natural aggregate particles originally formed a part of a larger parent mass. This 

may have been fragmented by natural processes of weathering and abrasion or 

artificially by crushing. Thus, many properties of the aggregate depend entirely on the 

properties of the parent rock, e.g. chemical and mineral composition, specific gravity, 

hardness, strength, physical and chemical stability, pore structure, and color. On the 

other hand, there are some properties possessed by the aggregate but absent in the 

parent rock: particle shape and size, surface texture, and absorption. All these 

properties may have a considerable influence on the quality of the concrete, either 

fresh or in the hardened state. However, aggregate considered poor in more than one 

respect is unlikely to make a satisfactory concrete, so that tests on aggregate alone are 

of help in assessing its suitability for use in concrete [9]. 

2.2.2.2.2 Non Natural /Artificial/ Aggregates  

There exist, however, also other aggregates of normal weight, or nearly so, which are 

artificial in origin. The reasons for their advent on the concrete scene are as follows.  

1. Environmental considerations are increasingly affecting the supply of 

aggregate.  

2. There are strong objections to opening of pits as well as to quarrying.  
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3. At the same time, there are problems with the disposal of construction 

demolition waste and with dumping of domestic waste.  

However, both these types of waste can be processed into aggregate for use in 

concrete, and this is increasingly being done [9]. 

The possibility of using solid waste as aggregate in concrete serves as one promising 

solution to the escalating solid-waste problem. The use of solid wastes is not a new 

concept: Industrial wastes are the basic of many concrete admixtures; fly ash has been 

used as a pozzolanic material in concrete for many decades; slags have been used both 

as aggregate and as a cementitious material; and cans have been shredded to provide 

steel fibers for reinforcement. The use of concrete for the disposal of solid wastes has 

concentrated mostly on aggregates, since they provide the only real potential for using 

large quantities of waste materials [3]. 

A wide variety of materials come under the general heading of solid wastes. Table 2.2 

below shows the different solid wastes that have been considered as aggregates for 

concrete with their composition and the associated industry. These range from 

municipal and household garbage, or building rubble, such as brick and concrete, 

through unwanted industrial byproducts such as slag and fly ash or discarded unused 

materials such as mine tailings [3].  

When considering a waste material as a concrete aggregate, three major areas are 

relevant [3].  

1. Economy 

2. Compatibility with other materials 

3. Concrete properties 
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Table 2. 2. Typical solid wastes that have been considered as aggregate for Concrete 

[3]. 

 

2.2.2.3 Water  

Water is an integral part of the reaction products that give cement paste and concrete 

its strength, and just about the worst thing that can happen to young concrete for it to 

be dried.  In fact, cement paste and concrete will harden and gain strength underwater. 

Once concrete is older and stronger, it is able to resist the stress of drying without 

cracking.  However, concrete at any age is better off moist than dry [8].   

Another important issue associated with the mix water is the amount that is added in 

relation to the amount of cement.  This important parameter is called the water/cement 

ratio, or “w/c”, and it always refers to the weights of water and cement. Although 

there are many aspects of the concrete mix design and the curing process that affect 

the final properties of the concrete, the w/c is probably the most important.  If the w/c 

is too low, the concrete will be stiff and clumpy and will be difficult to place. 

However, the lower the w/c, the stronger and more durable the final concrete. There 

are also special chemicals called water-reducers or plasticizers that can be added to 

the mix that will improve the workability and thus reduce the amount of water needed 

[8].   

 

Material 

 

Composition 

 

Industry 

Annual Amount 

(10^6 tons) 

Mineral wastes  Natural rocks Mining and mineral 

processings 

2000 

Blast furnace 

slags  

Silicates or alumino 

silicates of calcium  

magnesium silicate glasses 

Iron and Steel 30 

Metallurgical 

slags 

Silicates, aluminosilicates 

and glasses 

Metal refining 30 

Bottom ash Silica glasses  Electric power  15 

Fly ash Silica glasses  Electric power  60 

Municipal wastes Paper, glass, plastics, 

metals 

Commercial and 

household wastes 

200 

Incinerator 

residues  

Container glass and metal 

and silica glasses 

Municipal and  

Industrial wastes 

5 

Building rubble Brick, concrete, reinforcing 

steel 

Demolition 25 
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Mixing water can cause problems by introducing impurities that have a detrimental 

effect on concrete quality. Although satisfactory strength development is of primary 

concern, impurities contained in the mix water may also affect setting times, drying 

shrinkage, or durability or they may cause efflorescence. Water should be avoided if it 

contains large amounts of dissolved solids, or appreciable amounts of organic 

materials [3].  

2.3 The Use of Recycled Materials in Concrete Construction 

2.3.1 General 

Waste materials are common problems in modern living. Waste accumulates from a 

number of sources including domestic, industrial, commercial and construction. These 

waste materials have to be eventually disposed of in ways that do not endanger human 

health. In light of this, waste minimization is increasingly seen as an ecologically 

sustainable strategy for alleviating the need for the disposal of waste materials, which 

is often costly, time and space consuming, and can also have significant detrimental 

impacts on the natural environment. Nowadays governments and organizations have 

been concerned with developing policies and programs to bring about successful 

outcomes to waste minimization. This is seen as being essential to reduce the total 

amount of waste materials going into landfill, especially in the urban areas where land 

is very scarce. The use of recycled materials is often cheaper for the consumers of the 

end product. Hence, there is also an economic justification for promoting its use [11]. 

Construction is the largest consumer of natural resources. In addition to being a major 

consumer of natural resources, the construction industry is also one of the largest 

generators of waste. Due to the increasing concern of the limited amount of remaining 

landfill space for disposal, some countries like the UK prompted to introduce the 

Landfill Tax and a waste strategy in an attempt to secure behavioral changes and meet 

new waste targets. This tax, together with the aggregates levy has largely encouraged 

the use of alternative materials in construction. The aggregate levy in the UK is 

around £1.60 per tone and its main objectives are to reduce the demand for primary 

aggregates and encourage the use of alternatives [12].When considering a waste 

material as a concrete aggregate, three major areas are relevant. The economy, 

compatibility with other materials, and the concrete properties. The economical use of 

waste material depends on the quantity available, the amount of transportation 

required, the extent of the benefits, and the mix design requirements [3]. 
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The other important benefits of effective waste recycling are economic as well as 

environmental. For example, the Environment Agency of the US (EPA, 2002) states 

that the incineration of 10,000 tons of waste can mean the creation of 1 job, landfill 

can create 6 jobs, but recycling the same amount of waste can create 36 jobs.    

The use of recycled materials generated from transportation, industrial, municipal and 

mining processes in construction is an issue of great importance. Recycled concrete 

aggregates and slag aggregates are being used where appropriate. As the useable 

sources for natural aggregates for concrete are depleted, utilization of these products 

will increase. Utilization of fly ash and ground granulated blast furnace slag (ggbs) in 

concrete addresses this issue in addition to improving concrete properties. The 

replacement of Portland cement by fly ash or ggbs reduces the volume of cement 

utilized which is a major benefit since cement manufacturing is a significant source of 

carbon dioxide emissions worldwide. Silica fume is a comparatively expensive 

product and it is added in smaller quantities in concrete mixture rather than as a 

cement replacement [5]. 

The possibility of using solid wastes as aggregates in concrete serves as one 

promising solution to the escalating solid waste problem. The use of concrete for the 

disposal of solid wastes has concentrated mostly on aggregates, since they provide the 

only real potential for using large quantities of waste materials [3]. The effect of 

waste materials on concrete properties must be considered. For example, the lower 

modulus of elasticity of glass compared to that of good quality rock will lower the 

elastic modulus of concrete. Crushed recycled concrete has been used as an aggregate, 

producing concrete with strength and stiffness equal to about two-thirds of that 

obtained using natural aggregates. These effects will be much more pronounced if low 

strength, low modulus materials such as rubber and plastics are used. Scrapped tires 

have been proposed for use in concretes where high resiliency rather than strength is 

required, but have resulted in low-quality concretes. Waste materials can also be used 

to make special lightweight or heavyweight aggregates [3]. 

All of these applications greatly emphasize the different attempts of using recycled 

materials in concrete and their respective advantages achieved so far. One of today’s 

major problems and which will continue to do so for the foreseeable future is the 

environmental pollution resulting from industrial wastes and waste living materials 

[11]. Particularly among the waste materials in the advancement of civilization are 
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discarded plastic wastes and construction demolished wastes. The main reason for this 

is that the amount of plastic wastes and construction demolished wastes is increasing 

at an alarming rate due to the increasing of modernization, urbanization and 

industrialization. 

2.3.2 Recycling of Waste Plastic 

2.3.2.1 Composition of a Plastic (PET) 

Plastics are polymeric material that has the capability of being molded or shaped, 

usually by the application of heat and pressure. This property of plasticity, often 

found in combination with other special properties such as low density, low electrical 

conductivity, transparency, and toughness, allows plastics to be made into a great 

variety of products. These include tough and lightweight beverage bottles made of 

polyethylene terephthalate (PET), flexible garden hoses made of polyvinyl chloride 

(PVC), insulating food containers made of foamed polystyrene, and shatterproof 

windows made of polymethyl methacrylate[13]. 

Types of Thermo Plastics an overview; 

1. PET (Polyethylene Terephthalate)  

 

Commonly found in water bottles, soft drink bottles, oil and peanut butter containers 

and Cosmetics, projector film, weather balloons. PET is for onetime use only, because 

it has toxic chemical antimony, exposure to solar heat and washing may cause the 

chemical to leach out.  

2. High-Density Polyethylene (HDPE)  

 

It is a thermo plastic made from petroleum, used in the production of chairs, tables, 

jugs, cans, mugs, buckets, toys and bottles of laundry detergents. HDPE is durable 

strong plastic. Safe to use still there is no health caution reported, However, 

manufacturing HDPE emits carbon dioxide, non-methane hydrocarbons, carbon 

monoxide, nitrogen oxides, particulates matter and sulfur oxides, water pollution (like 

acids, ammonia, chromium, dissolved and suspended solids, and iron), and solid 

waste (such as coal ash and other particulates from burning fuel). (Baby green thumb, 

2013). 

 

 

https://www.britannica.com/science/plasticity
https://www.britannica.com/science/density
https://www.britannica.com/science/polyethylene-terephthalate
https://www.britannica.com/science/polyvinyl-chloride
https://www.britannica.com/topic/food
https://www.britannica.com/science/polystyrene
https://www.britannica.com/science/polymethyl-methacrylate
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3.  Polyvinyl chloride (PVC) is a thermo plastic polymer 

 

Is a thermoplastic, due to its fire resistance it is mostly used in buildings, shower 

curtains, cling wraps, interior of vehicles, pipes, flooring, furniture cables and 

waterproof fabrics. Addition of plasticizers makes it softer. It is the most 

environmentally harmful plastic releases chlorides which contain dioxins or toxic 

hydrogen chloride gas when heated during its production and usage may cause cancer, 

immune system damage and disruption of hormone cycle it is the least recyclable of 

all plastics but PVC has highest service life or durability, thus, made it possible to be 

used at the exterior of buildings under the solar radiation (Greenpeace, 2003). 

4.  Low Density Polyethylene (LDPE)  

 

Often used as plastic grocery bags often found in markets, juice and milk cartons. And 

it’s very low density forms used in flexible tubing such as toothpaste tube, squeeze 

bottles, it is found as either translucent or opaque, however, it is breakable (Stephen 

lower,2009). 

5.  Poly propylene (PP)  

 

It is a thermoplastic polymer; it is also used with ethylene. Due to its high resistance 

to heat it is used in boiling tubes further, it is used in yogurt and margarine tubs, baby 

bottles, microwave container sand their lids kitchen ware and plastic cups, rope, 

binder covers, plastic bottles, staple yarns, non-woven fabrics, electric kettles, fans. It 

is translucent but not transparent and resists fatigue (Baby green thumb, 2013). 

6. Polystyrene (PS)  

 

It is a petroleum based plastic used as hard or in the form of Styrofoam, it is 

transparent but either brittle or yellows under UV rays. Disposable cutlery, CD and 

DVD cases, egg cartons, foam cups, packaging from restaurant, take-out trays, foam 

packaging peanuts, foam-walled drink cups. (Stephen lower, 2009). Neurotoxic 

causes fatigue, nervousness, difficulty sleeping, hematological (low platelet and 

hemoglobin values), cytogenetic (chromosomal and lymphatic abnormalities), and 

carcinogenic. 

7. Other  

 

Polycarbonate, is made from Bisphenol (BBA), tough, heat resistant, and lightweight 

formable and chemical resistant provides bacteria proof property, BBA is an 
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endocrine disrupter which mimics estrogen, and a carcinogen, causes early puberty, 

obesity, behavioral, reproductive and developmental problems. (Stephen lower, 

2009). In this experimental investigation water plastic bottle made of polyethylene 

terephthalate (PET) is used.  

Polyethylene terephthalate (PET or PETE), a strong, stiff synthetic fibre and resin, 

and a member of the polyester family of polymers. PET is spun into fibres for 

permanent-press fabrics, blow-molded into disposable beverage bottles, and extruded 

into photographic film and magnetic recording tape. PET is produced by the 

polymerization of ethylene glycol and terephthalic acid. Ethylene glycol is a colorless 

liquid obtained from ethylene, and terephthalic acid is a crystalline solid obtained 

from xylene. When heated together under the influence of chemical catalysts, 

ethylene glycol and terephthalic acid produce PET in the form of a molten, viscous 

mass that can be spun directly to fibres or solidified for later processing as a plastic.  

PET is also made into fibre filling for insulated clothing and for furniture and pillows. 

When made in very fine filaments, it is used in artificial silk, and in large-diameter 

filaments it is used in carpets. Among the industrial applications of PET are 

automobile tire yarns, conveyor belts and drive belts, reinforcement for fire and 

garden hoses, seat belts (an application in which it has largely replaced nylon), 

nonwoven fabrics for stabilizing drainage ditches, culverts, and railroad beds, and 

nonwovens for use as diaper topsheets and disposable medical garments. PET is the 

most important of the man-made fibres in weight produced and in value. 

PET is the most widely recycled plastic. PET bottles and containers are commonly 

melted down and spun into fibres for fiberfill or carpets. When collected in a suitably 

pure state, PET can be recycled into its original uses, and methods have been devised 

for breaking the polymer down into its chemical precursors for resynthesizing into 

PET.  

PET was first prepared in England by J. Rex Whinfield and James T. Dickson of the 

Calico Printers Association during a study of phthalic acid begun in 1940. Because of 

wartime restrictions, patent specifications for the new material were not immediately 

published. Production by Imperial Chemical of its Terylene-brand PET fibre did not 

begin until 1954. Meanwhile, by 1945 DuPont had independently developed a 

practical preparation process from terephthalic acid, and in 1953 the company began 

https://www.britannica.com/science/polyethylene-terephthalate
https://www.britannica.com/science/polyethylene-terephthalate
https://www.britannica.com/technology/synthetic-fiber
https://www.britannica.com/science/resin
https://www.britannica.com/science/polyester
https://www.britannica.com/science/polymer
https://www.britannica.com/technology/magnetic-recording
https://www.britannica.com/science/polymerization
https://www.britannica.com/science/ethylene-glycol
https://www.britannica.com/science/ethylene
https://www.britannica.com/science/crystal
https://www.britannica.com/science/xylene
https://www.merriam-webster.com/dictionary/catalysts
https://www.britannica.com/science/terephthalic-acid
https://www.britannica.com/science/plastic
https://www.britannica.com/topic/silk
https://www.britannica.com/technology/tire
https://www.britannica.com/science/nylon
https://www.britannica.com/science/recycling
https://www.merriam-webster.com/dictionary/precursors
https://www.britannica.com/science/phthalic-acid
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to produce Dacron fibre. PET soon became the most widely produced synthetic fibre 

in the world. In the 1970s, improved stretch-molding procedures were devised that 

allowed PET to be made into durable crystal-clear beverage bottles—an application 

that soon became second in importance only to fibreproduction [13]. 

2.3.2.2 The Need for Recycling of Waste Plastic (PET) 

Plastic is a non- biodegradable organic polymer, which is very commonly used in 

materials, large amounts of discarded plastics accumulating in oceans as Garbage 

islands and in land as landfills or blocking streams and waterways. Leaching of waste 

plastics from land filling and fumes released during incineration resulting major 

health impacts to living things as well as polluting the air, water, and soil, burning 

PVC releases cancer causing dioxins and PCB. Addition to recycling waste plastics 

also used in production of energy or in co-processing. Oxo-degradable plastics end up 

in fragments which cannot be compostable and also resulting in particles that can 

cause bioaccumulation [14]. 

Plastic is a very important recyclable because it can negatively affect the environment 

and living beings in many ways [15].The process of recycling is basically aimed at 

environmental conservation. Plastic being a major contributor of global waste, can 

cause serious environmental concerns. This is due to the non-degradable nature of 

plastic that keeps it intact for a very long period. Plastic bottles, bags, and other such 

products can be seen floating in the rivers, lakes, and oceans. It can be said that such 

waste can be seen in almost all regions with human inhabitation [16]. 

 The first and foremost benefit of recycling plastic is conservation of 

petroleum, which is getting scarce. Large amount of petroleum is needed for 

making new plastic products, and around 40% of the petroleum consumption 

can be reduced by recycling old and discarded plastic. 

 It reduces the use of natural resources, the need to make more plastic can 

lessen. The process to make new plastic uses more energy, petroleum, and 

water than the process of recycling plastic. If residential and commercial 

properties make it a priority to recycle their plastics, the need for natural 

resources and energy will reduce. This reduction can help reduce high levels 

of carbon dioxide in the environment. It can also stop energy companies from 

drilling and farming for more natural resources 

https://www.merriam-webster.com/dictionary/synthetic
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 The benefits of recycling plastic include a reduction in the emission of 

greenhouse gases. In other words, greenhouse gases are emitted while burning 

petroleum, and if the amount of petroleum used in making plastic is reduced 

through recycling, the emission of these gases will also reduce. 

 Even the landfill space can be saved through recycling. It is said that removal 

of one ton of plastic for recycling spares a landfill space of around 7.5 cubic 

yards. 

 One of the important environmental benefits of recycling plastic bags and 

bottles is that, it saves animals, birds, and a wide range of aquatic creatures 

from death due to ingestion of plastic. The chemicals in plastic can also 

pollute the soil as well as water. 

It is said that recycling one ton of plastic results in saving the energy used by two 

humans in a year, and the water required by a person for two months. It also saves 

around 2000 pounds of petroleum. Apart from that, various beneficial products are 

manufactured from recycled plastic [16]. 

Coming to the Ethiopian experience, like in most developing countries plastic bags 

are frequently used to carry food items and plastic water bottles as storage of different 

beverages like “Tella”, “Tej”, water, and soft drinks; food items like oil, milk, honey 

and other local food items and petroleum products such as benzene, Kerosene and 

naphtha. This practice can cause serious health problems due to some carcinogenic 

agents and cross contamination by microorganisms [17]. 

Moreover, it is common to use plastic bags for disposing of human and other 

domestic wastes which makes human health more risky as compared to “open” 

disposal of these wastes [18]. In Ethiopia some studies showed that plastic bags are 

causing severe environmental pollutions to human and animal health in urban and 

rural areas of the country [19]. Besides the toxicity effect of plastic bags the 

overflowing of water is also a common problem during rainy seasons as a result of 

blockage of drains. Such problems are also expected to be common in Ethiopia due to 

the aforementioned reasons [17]. 

The Federal Democratic Republic of Ethiopia has ratified several international 

conventions that have meaningful implication to solid waste management in the 

country (Forum for Environment 2010). The solid waste management proclamation 
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(Solid waste management proclamation No. 513/2007) gives emphasis of its essential 

in community participation in order to prevent the adverse effects and to enhance the 

benefits resulting from solid wastes. In order to ensure the community participation 

the solid waste management action plan is designed by, and implemented at the 

lowest administrative units of urban administrations. Article 8, sub-article (2) of the 

proclamation indicates that it shall be unlawful to put on the market any plastic bag 

that is not labeled to how whether it is biodegradable or not [20]. But most plastic 

bags which are used are under the requirements of the country proclamation and thus 

endangering the environment. Like the other cities of developing countries, due to the 

lack of waste management information and implementation of the proclamation most 

of the towns of Ethiopia are suffering from the adverse effects of the plastic materials 

[21, 23]. 

Although the country, Ethiopia, ratifies solid waste management on plastic bags, the 

proclamation doesn’t clearly indicate the adverse effects of plastic water bottles after 

their use. Therefore, due to lack of awareness on the adverse effects of plastic 

materials it is common that most of the societies are re-using those water bottles as 

storage for different food and liquid beverages such as oil, milk, water, soft drinks and 

local foods. Given the direct toxic or eco-toxic infectious threats posed to the 

environment and human beings by these wastes, it becomes imperative to adopt 

precautionary and preventive measures with respect to waste dumping and proper 

disposal [17]. 

When the above mentioned hazardous plastic waste materials are re-used many times 

without care and poor waste dump management, this poses a high health risk to the 

society and the environment. The following major stages characterizing the evolution 

of hazardous waste management (HWM) programmes need to be applied in managing 

waste and waste disposal sites in Ethiopia in General [23]: 

 Identifying the problem and enacting legislation: recognizing that an 

environmental problem exists and enacting legislation to address it.  

 Designating a lead agency: giving authority to a specific agency, or agencies, 

to draft, implement, and enforce regulations.  

 Promulgating rules and regulations: establishing the legal basis for a 

regulatory program, including  

       (a) Identifying which wastes will be subject to regulation and  
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       (b) Identifying specific technical, procedural, and information 

requirements for waste treatment, storage, and disposal facilities and for 

generators of hazardous wastes. 

 Developing treatment and disposal capacity: ensuring the construction and 

operation of hazardous waste management facilities using public funds, 

private investment, or a combination of the two. 

 Creating a mature compliance and enforcement program: influencing the 

behavior of generators and operators of hazardous waste management 

facilities to ensure that waste is properly managed. At this final stage, one can 

say that a “culture of compliance” exists. Once a program has matured to this 

point, renewed effort is usually focused on ways to reduce or recycle 

hazardous substances to decrease the need for expensive waste treatment and 

disposal. 

Besides to the implementation of the countries proclamation on waste management 

systems, the development and implementation of waste management (WM) programs 

with SMART (Specific, Measurable, Affordable, Realistic, Timely) goals in Tigray in 

particular and Ethiopia in general requires the creation of an information database on 

type, quantity and disposal of plastic wastes produced by every consumer. Finally, 

planning and construction of the WM facility must consider the different types of 

wastes and their treatments giving emphasis to use plastic water bottles and bags with 

respect to their severe cost to human health and aesthetic values of the environment. 

Such a programme should integrate economic incentives and non-market strategies 

encouraging waste reduction and recycling, promotion of public information 

exchange and implementation of subsidy schemes for waste handling equipment. In 

addition to the aforementioned waste strategies, the regional and national 

governments must incorporate the waste management strategies in curriculums of all 

their academic levels which can be a good means of creating awareness among the 

young generations to give care of their health and environments [17]. 

2.3.2.3 Methods of Recycling Waste Plastics 

Plastic is among the most popular and important materials used in the modern world. 

However, its popularity is part of the huge problem and reason why plastics should be 

recycled. Instead of throwing them away polluting the land and our water bodies, we 

can optimize the lifespan of plastics by recycling and reusing them. 
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Plastic recycling refers to the process of recovering waste or scrap plastic and 

reprocessing it into useful product. Due to the fact that plastic is non-biodegradable, it 

is essential that it is recycled as part of the global efforts to reducing plastic and other 

solid waste in the environment. 

The following is a step by step process of plastic recycling [18]. 

1. Collection: Plastics are available in a number of forms for example plastic 

containers, jars, bottles, plastic bags, packaging plastic, big industrial plastics just to 

mention but a few. Due to their nature and availability, there are plastic collection 

centers and some business people have ventured into plastic collecting business as a 

source of income. Tons and tons of scrap plastic are collected and sent to a collecting 

yard where they are then packed and transported to plastic processing plants. 

Unfortunately, not all countries have the capacity to recycle plastic. Very few 

developing countries can actually recycle plastic. This means that, plastic waste is still 

a major problem to some countries in the world. 

2. Sorting: The actual plastic recycling process starts with sorting of the different 

plastic items by their resin content and color. This process is also done to ensure all 

contaminates are eliminated. There are specially designed machines that help in 

sorting of the plastics according to their resin content. Then the recycling mill sorts 

the scrap plastic by symbols at the bottom of the plastics. 

3. Shredding: After sorting the plastics, the next step is to cut the plastics into tiny 

chunks or pieces. The plastic bottles and containers are then ground and cut into tiny 

pieces or flakes. The heavier and lighter plastic flakes are separated using a specially 

designed machine. The separation process helps in ensuring that the different plastics 

are not put together or mixed up in the final product. Remember that different plastics 

are used to make different items. 

4. Cleaning: After a complete separation, the flakes or chunks are then washed with 

detergents to remove the remaining contamination. Once the cleaning process is 

complete, the clean flakes are passed through specialized equipment that further 

separates the plastic resin types. The plastic flakes are then subjected to moderate heat 

to dry. 

5. Melting: The dry flakes are melted down. They can be melted down and molded 

into a new shape or they are melted down and processed into granules. The melting 
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process is done under regulated temperatures. There is specialized equipment 

designed to melt down plastic without destroying them. 

6. Making of pellets: After the melting process, the plastic pieces are then 

compressed into tiny pellets known as nurdles. In this state, the plastic pellets are 

ready for reuse or be redesigned into new plastic products. It is important to point out 

that recycled plastic is hardly used to make identical plastic item or its previous form. 

It is in this pellet form that plastics are transported to plastic manufacturing 

companies to be redesigned and be used in making other useful plastic products. 

2.3.2.4 Benefits of Recycled Plastics 

Plastics should be recycled because of a number of reasons as can be seen below [19]. 

1. Provision of a Sustainable Source of Raw Materials: Recycling plastics provides 

a sustainable source of raw materials to the manufacturing industry. Once the plastics 

are recycled, they are sent to manufacturing industries to be redesigned and converted 

into new shapes and used in different appliances. 

2. Reduces Environmental Problems: Since plastics are non-biodegradable, they 

pose a high risk to the people and the environment as a whole. They can block sewer 

lines, drainages and other waterways leading to blockages and unwanted pileups. 

When plastics are eliminated through recycling, the environment looks clean and 

inhabitable. 

3. Reduces Landfill Problems: Recycling plastics minimizes the amount of plastic 

being taken to the ever diminishing landfill sites. Most countries have designated 

areas specifically meant for burying plastics. When they are recycled, these sites will 

receive little plastic garbage. The remaining areas can be used for other purposes 

instead of dumping plastics that do not rot. 

4. Consumes Less Energy: Recycling of materials including plastics requires less 

energy as compared to making the plastic from scratch. This is why recycling plastic 

is one of the most cost-effective options. The use of plastic pulverizers makes it easy 

to cut and grind plastic into smaller particles which can be easily melted to a new 

form. 

This saves energy and that energy can be diverted to other important things in the 

economy. It is therefore important to encourage plastic recycling in the manufacturing 

industry as it will save the economy billions of money. 

http://www.orenda-pulverizers.com/pulverizers/
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The proposed benefits of using waste plastics in construction are [24]: 

a. One of the main advantages to using plastic as a construction material is the 

cost to produce and use plastics – it is less expensive than most other 

materials. It is generally cheaper and can easily be produced in much larger 

quantities than metal. This is the main reason that plastic is commonly used in 

construction. The amount of energy it takes to manufacture plastics is far 

fewer than the amount it takes to produce metals. 

b. Plastics have a high resistance to corrosion, making them perfect for use 

where a metal may start to rust and corrode. Therefore, plastics are the most 

common material to construct water pipes out of. 

c. Plastic is a very lightweight material compared to many other construction 

materials, this gives the material a greater flexibility in its use on site and in 

transportation. Plastic can be transported in much larger amounts than other 

materials because of their weight, this cuts down on transportation costs to a 

construction site. Plastics can be easily and safely lifted into place or around 

the site. 

d. Plastics can easily be colored in their manufacturing stage which is a useful 

property to have on a building site. Parts can be color coded according to size 

or the use of the part, this would be much more difficult and time consuming 

with metal parts. 

e. Plastics high resistance means that no rust will form on plastic therefore, no 

rust will seep into the ground or water supply. This is a major positive when 

using parts underground or for carrying water. The process of manufacturing 

and the use of plastics on a construction site use a lot less energy than metals, 

this is because plastics are so much lighter so the energy used in construction 

and transportation is a lot lower. 

Plastic is a recyclable material and will not corrode which is a positive when 

using a material where there may be some waste. The prospect of pollution is 

lower for plastics when you take into consideration the mining and melting of 

metals process. 

f. Small, intricate pieces are frequently needed in a construction project. Plastics 

can be melted down and moulded into intricate shapes in very large quantities, 

making them the perfect choice in construction. It is able to fit itself together 
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without the use of clips or any other material which is why it is used for cable 

conducts. 

2.3.3 Recycling of demolished waste 

Land is most scare commodity in urban cities across the globe. The rapidity 

increasing population is creating pressure for better utilization of land in existing 

cities. To cater the need of housing and commercial requirement new construction is 

being done by demolishing the old structures and construction on vacant land. The 

improvement in economic conditions in the developing countries has caused the large 

scale growth in construction industry. This construction activity is generating huge 

amount of Construction and Demolition (C&D) Waste [25, 26]. Demolition waste 

(DW) is a product of dismantling at the demolition stage, or of the restoring and 

repairing of buildings and facilities [26]. Every year around 3000 MMT (Million 

Metric tons) of waste is produces in European Union, out of which 30% of total waste 

i.e. around 900 MMT is generated by construction industry alone in the form of C&D 

waste [25, 26]. In United States estimate production of C&D waste is reported 

around140 MMT per year [26]. In developing countries like India and china there is a 

substantial rise in this C&D waste as reported around 14 MMT is generated in 

Shanghai, China alone in 2012 out of the total waste around 80 % consists of 

concrete, bricks and blocks [27]. 

The illegal dumping and unplanned disposal of this C&D waste is causing the severe 

ecological and environmental problems. Hence the reuse and recycling of C&D waste 

is paramount important. It’s planned use not only reduces the exploitation of virgin 

raw material but also solves the problem of waste disposal. It’s also leads to more 

availability of land by preventing the dumping sites. Environmental impact such as 

deforestation, illegal mining of river beds for aggregates, air and water pollution, 

consumption of fossil fuels for transportation, top soil loss etc. is also reduced. 

 The C&D waste mainly consists of concrete, brick, ceramic and mortar together 

constitution around 80%, whereas wood and metal around 10%. Wood and metal are 

generally recycled easily however concrete, brick, ceramic and mortar are generally 

available in mixed form and need processing before being put to use. Although use of 

Recycled Aggregates (RA) are being studied since last 50 years but not being used in 

new structures due to lack of consistency in their properties and non-availability of 
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regulatory framework for their use. Various experimental results have shown that the 

use of these recycled aggregate lead to poor concrete performance mainly in 

durability aspect. Reasons reported are higher porosity in these aggregates and high 

water absorption lead to poor water to cement (w/c) ratio. Also during demolition 

process lot of micro-cracks develops in these aggregate leading to higher penetration 

and high permeability [28]. Lot of processed recycled Aggregates are still used in 

nonstructural components like paver blocks, Plain Cement Concrete, Sub-base 

Concrete pipes, road pavement, below asphalt  mix  and  fire  insulation  blocks [29, 

30]. 

2.3.3.1 Composition of demolished waste 

There is a variation in construction waste worldwide depending on the kind of 

structure being built, the choice of material used, and the method/technique of 

construction employed. These factors have been found to significantly affect the 

quantity and type of waste produced [31].  

Construction and demolition wastes classified according to their origin to include 

components such as: demolition waste (i.e., concrete, brick, etc.), packaging waste 

(i.e., paper, cardboard, plastic, etc.), wood waste, concrete waste, asphalt, garbage and 

sanitary waste, scrap- metal waste, rubber and glass, pesticides and non-pesticide 

containers [32]. Other components which are to be expected in the C&D waste stream 

include: Metal ferrous (Steel) and metal non-ferrous (Copper, Aluminum), masonry 

(bricks and mortar), plastic (PVC pipes, plastic films for packaging, wall coverings), 

ceramic tiles, insulation material (mineral wool insulation, Styrofoam), 

drywall/gypsum board, marble and granite [33]. The masonry, concrete and mortar 

together constitute over 65% of C&D waste [34].Construction waste is generally 

caused by damaged materials and excess quantity ordering, while demolition waste is 

a result of damage of existing structures usually contaminated with other materials 

like paint and adhesives.    

Ranking of C&D waste materials according to their ease of recycling in Table 1, with 

scores ranging from 1 – 5, 1 being the most difficult to recycle and 5 being the easiest 

to recycle [33]. 
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Table 2. 3. Different Waste Materials and their ranking based on their ease of 

recycling [33]. 

 

Ease of Recycling Different Waste Materials 

Waste Score 

Concrete 4 

Wood 3 

Ferrous Metal 5 

Masonry 5 

Plastic 3 

Glass 4 

Ceramic Tiles 4 

Mineral Wool 2 

Styrofoam 2 

Drywall 2 

Filling Material 3 

Paper 5 

Marble 3 

 

The largest proportion of construction and demolition waste (C&D) is usually 

concrete rubble. When these are used in crushed and used in freshly prepared 

concrete, or as sub-base or base-layer in pavement, they are referred to as recycled 

aggregate [35]. In general, demolition projects often produce as much as 20-30 times 

more waste material per square meter than construction projects [36].  

2.3.3.2 Environmental Impact of demolished waste 

Improper disposal and illegal dumping of these C&D waste is causing an 

environmental degradation. This environmental impact is becoming the major issue in 

cities and across various municipalities in managing their solid waste management. 

Huge heaps of C&D waste causes rise in flood levels of the rivers, scouring of the 

banks, depletion of resources, leaching out of hazardous material in the water causing 

impact on marine life. Illegal dumping around the roads causes traffic congestion, 

chocking the surface drain causing flooding on the pavement etc. C&D waste from 

small house demolition generally find its way into municipal bin causing the problem 

in treatment of solid municipal waste [34]. These wastes are sometimes buried in the 

site itself causing the formation of impervious layer which doesn't allow the growth of 

vegetation and prevent infiltration of rain water inside the ground [37].  
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2.3.3.3 The need for recycling of demolished waste 

There is an urgent need to understand the reuse and recycle potential of these C&D 

waste which on one hand will generate potential business opportunity, employment 

generation and above all environmental sustainability. Useful products like 

reinforcement, Mild Steel, doors and windows, Structural steel, Bricks and other 

metal items can be taken out easily and again put to reuse without much processing 

[38]. Not only building material but also asphalt toppings can be used as the base for 

new asphalt pavement. As it is well said that reuse is the most beneficial form of 

recycling the waste products. In developing countries like India, China and Ethiopia, 

where there is poverty and massive requirement of low cost housing these products 

can be consumed easily and also reduce cost of construction of affordable houses. 

Once the reusable item is taken out rest of the C&D waste can be processed for 

recycling. 

2.3.3.4 Method of recycling demolished wastes 

There are two recycling scenarios: one where the waste materials are separated at the 

job site by placing them into a separate bin or pile and one where they are separated at 

the recycling facility by machine or by hand. But the manually separation at the job 

site scenario is the simple one because it is assumed that no additional transportation 

is needed for additional collection. Recycling processes includes; collection &source 

separation, sorting, crushing and cleaning. 

1. Collection & Source Separation: In this step, the demolished wastes are collected 

& separated from different sites that demolishing is conducted.  

2. Sorting: The recycling process starts with sorting of the different types of DW 

collected from different sites that demolishing is conducted. This process is done to 

eliminate other types of DW to avoid contamination.  

3. Crushing: After sorting the DW, crushing by hand is followed to get the required 

aggregate size for the concrete mix.   

4. Cleaning: After crushing, dusts & other debris is cleaned up by washing the 

crushed DW. 

2.3.3.5 Benefits of recycling demolished wastes 

It has become increasingly important for developers and construction companies to 

reduce their waste by recycling certain materials. Not only are businesses seeing as a 
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way to help the planet and conserve resources, they are also seeing it as an 

opportunity to reduce costs in the long run. The Benefits of Recycling Include [39]: 

1. Recycling Consumes Less Resources 

Many products that are created today are made from recycled materials. This helps us 

use less trees, metals, and plastics. Considering these materials do not break down 

easily, it only makes sense that we reuse and repurpose as many as possible. 

2. Recycling Uses Less Energy 

Many recycling processes use less energy than what is used to compact our trash or 

create the same material from new resources. Plastic, for example, is very costly to 

manufacture. The more we recycle; the costs of doing so will continue to decrease. 

3. Recycling Can Save Money 

In addition to saving money, recycling contributes to the economy by creating new 

revenue and jobs. Many companies offer incentives for recycling certain materials 

such as computers, electronics and other materials. 

4. Creates Less Pollution 

Along with the other benefits of recycling, there is the added benefit of reduced 

pollution. Landfills produce a very large amount of methane gas, which is one of the 

largest sources of greenhouse gas. By reducing the amount, we send to landfills, we 

reduce the size of landfills. This will ultimately reduce the amount of methane gas 

produced. 

The effects of pollution and the overuse of our natural resources is a very real issue. 

At Omar’s Environmental, we are committed to doing our part to help preserve our 

planet and its beauty. 

2.4 Properties of Fresh Modified Concrete 

2.4.1 Workability 

A decrease in slump was observed with increase in recycled aggregate content when 

recycled waste materials were used as aggregates. For plastic aggregate content of 

20% by total aggregate volume, the slump was close to zero and the concrete was not 

workable by hand. Such mixtures had to be compacted using a mechanical vibrator.  It 

was found that increasing the size or percentage of rubber aggregate decreased the 

workability of the mix and subsequently caused a reduction in the slump values 
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obtained. From the same study, it was noted that the size of the rubber aggregate and 

its shape (mechanical grinding produces long angular particles) affected the measured 

slump [40].  

2.4.2 Fresh Density 

Zainab Z. Ismail. et al, have observed that the fresh density tends to decrease by 5%, 

7% and 8.70% for different three samples respectively. This trend may be attributed 

to the density of the waste plastic being lower than the natural sand by 69.70%, which 

leads to a reduction in the fresh density. However, these fresh densities are averaged 

to the fresh density of plain concrete mixture [40]. 

2.5 Properties of Hardened Modified Concrete 

2.5.1 Dry Density 

Zainab Z. Ismail. et al, have observed that the dry densities at each curing age tends to 

decrease with increase the waste plastic ratio increase concrete mixture, but the dry 

densities tend to increase with time for each concrete mixture at all curing ages. It is 

clear that at 28 days curing age, the lowest dry density exceeds the range of the dry 

density for structural light weight concrete. The use of waste plastic for each curing 

age reduced the dry densities of all mixtures with increasing the waste plastic ratio, 

because the density of plastic is lower than that of sand by 69.70% [40]. 

2.5.2 Compressive Strength 

Compressive strength tests are widely accepted as the most convenient means of 

quality control of the concrete produced. Tests conducted by Zainab Z. Ismail. et al 

have observed that, by increasing the waste plastic ratio, the results show a tendency 

for compressive strength decrease below the plain mixtures at each curing age. This 

tend can be attributed to the decrease in adhesive strength between the surface of the 

waste plastic and the cement paste, as well as the particles size of the waste plastic 

increase. Additionally, plastic is considered to be a hydrophobic material, so this 

property may restrict the water necessary fir cement hydration from entering through 

the structure period. All of the compressive strength values and higher than the 

minimum compressive strength required for structural concrete which is 17.24MPa. 

the results are in a good agreement with the findings of Marzouk et al. (2007) and 

Pessi et al. (2006) which demonstrated that once the sand volume substituted with 

aggregates increased, the compressive strength of composites decreased slightly in 

comparison with the reference mortar [40].  
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In most of the previous studies, a reduction in compressive strength was noted with 

the addition of rubber aggregate in the concrete mix but there is still a possibility of 

greatly improving the compressive strength by using de-airing agents [9]. 

2.5.3 Tensile Strength 

The tensile strength of recycled waste containing concrete is affected by the size, 

shape, and surface textures of the aggregate along with the volume being used 

indicating that the strength of concretes decreases as the volume of recycled waste 

aggregate increases [41].As the recycled plastic content increased, the tensile strength 

decreased, but the strain at failure also increased. Higher tensile strain at failure is 

indicative of more energy absorbent mixes [42]. 

2.5.4 Flexural Strength 

Zainab Z. Ismail. et al have observed that the flexural strength of waste plastic 

concrete mixtures at each curing age is pron to decrease with the increase of the waste 

plastic ratio in the mixtures. This trend can be attributed to the decrease in adhesive 

strength between the surface of waste plastic particles and the cement paste, as well as 

the hydrophobic nature of plastic material which may limit the hydration of cement.  

Therefore the hydration developed slightly with time. However the flexural strengths 

of the waste plastic counter composites compared similarly with those of previous 

works by Marzouk et al. (2007) and Pessi et al. (2006). 

2.6 Applications 

Light weight concrete from recycled wastes as aggregate has many potential 

applications such as in the production of structural concrete, load bearing and non-

load bearing concrete blocks. It can be used in precast wall panel and roof units [43].  

Recycled concrete aggregate is most frequently used in highway construction as a 

base material.  When concrete aggregate is recycled for the purpose of reuse as a 

construction material, the product is then renamed recycled concrete aggregate 

(RCA). RCA can be remanufactured as either coarse or fine aggregate [44]. In 2002, 

the Federal Highway Administration (FHWA) declared that the reuse of the materials 

used to construct the original highway structure is a decision that makes sound 

economic and environmental sense [45].  

The use of recycled materials are carefully tested and regulated to ensure that the 

structural integrity of the product is suitable for each project.  Options for managing 
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out-dated concrete pavement include the following possibilities: removal from the site 

and disposal into a C&D waste landfill; processing it into aggregate for later use in 

granular base, sub-base, or shoulder construction; processing the concrete pavement 

into a RCA suitable for use as backfill, granular embankment, or in low-performance 

asphalt or hydraulic-cement concrete; or processing the concrete pavement into a high 

quality RCA suitable for use in high-performance asphalt or hydraulic-cement 

concrete [45, 46]. For highway construction, processing the RCA into a high-quality 

product is essential to uphold strength of material design standards [45]. 

2.7 Environmental Benefits 

Today civil engineers around the world face the problem of attitude towards the 

environment. The technological power of people has become so large as to threaten 

the man himself as part of the environment in which he lives. Every builder in the 

future will have to set himself clear ethical question whether what builds enhances 

environment. And most importantly whether projects they leave behind may 

adversely affect the health of people, but also nature. EU countries in terms of 

legislation and in practice have gone furthest in terms of protection and improvement 

of the environment. The Netherlands puts this principle in the first three priorities of 

the state. The new view of the world around, but also the problems of urban life 

inevitably bring the recycling process in the concrete industry [47].  

In urban areas, construction waste disposal problems increased. The reasons for the 

demolition of existing buildings are many: changing their purposes, aging buildings, 

reconstruction of the urban fabric, natural disasters (earthquakes, fires, floods), wars 

and so on. Construction waste makes up a large part of the solid waste. Because of its 

density characteristics it cannot be compacted, and on the landfill it occupies a large 

space. If landfills are closer to the city we have lower transport costs but it occupies 

urban construction land and violates aesthetic and sanitary quality of the city. If it’s 

faraway, transportation costs rise enormously [47, 48].Re-use of materials reduces 

costs simultaneously on several levels: Transport costs of waste materials, the costs of 

removal and disposal, as well as shortened the transport of materials for new 

buildings. But from an environmental point of observation of the problem still the 

most important effect is reduced of pollution.  
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Recycling is actually one of the aspects of waste management. As soon as quality 

control of waste management is introduced and grows, very quickly in time we will 

notice decrease of contamination [49].  

2.8 Economical Benefits 

Research studies have shown that the production of concrete with recycled aggregates 

is most cost effective in the case of parallel recycling of other materials and 

simultaneous clearing the ruins [47]. 

 Cost benefit economic analysis are made mainly in countries where there is a 

regulations for the use of this type of concrete (USA, Netherlands, Scandinavian 

countries and Japan). Their experience has shown that the greatest savings are in areas 

where the natural aggregate is inaccessible (and therefore also expensive). It is also 

proved that the most effective start of recycle concrete production is in urban areas, 

where it is a certain source of demolished concrete. For economic reasons, therefore, 

recommend place to set up central concrete plant working with recycled aggregate is 

in the vicinity of large cities, preferably close to the sanitary landfills, in order to 

achieve the savings on transportation [47].  

It is expected that the price of recycled aggregates will decrease in the future, 

especially once the initial phase of development of production technology would be 

finished. But it is expected the price of natural aggregates would increase. As natural 

aggregate is less available, price will be higher, and in parallel, transport cost will 

grow because sites will be farther away. So even though the condition is not met at 

the moment, it does not mean that the use of recycled aggregate is not economically 

justified [47]. 

Keeping the above literature survey in view, in the present investigation, an attempt 

has been made to study the behavior of concrete which comprises of both waste 

plastic and demolished waste in various percentage replacements to fine aggregate 

and coarse aggregate respectively. 
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3. MATERIALS AND METHODS 

3.1 Introduction 

Concrete mixtures with and without plastic & demolished waste for different 

compressive strength values were prepared in this research work. The materials used 

to develop the concrete mixes in this study were fine aggregate, coarse aggregate, 

plastic and demolished waste, cement, water and admixture. In this experimental 

investigation, plastic waste is used as replacement of fine aggregate partially by 10% 

and coarse aggregate is replaced with demolished aggregate partially by 10%, 20%, 

30%, 40% and 50%. The conventional mix has been designed for C-25 grade 

concrete. In this investigation seven mixes are prepared; the specimens used are cubes 

of size 150mm length, 150mm width and 150mm depth, cylinders of size 150mm 

diameter and 300mm of height and flexural beam moulds of size 500mm length, 

150mm width and 500mm depth.  

Initially, conventional mix is prepared by using conventional materials (cement, 

natural sand, natural aggregate and water). Then, the concrete with recycled wastes 

are prepared and these are also tested for their properties, likewise all the seven mixes 

were prepared. For every mix, 18 specimens (6 cubes, 6 cylinders, 6 flexural beam 

specimens) were casted and thus totally 126 specimens were prepared. In the 

subsequent parts, the different materials used in this study are discussed. The 

experimental part of the investigation has been planned in the following three stages.   

Stage I:       Selection of Materials and their testing  

Stage II:     Casting of specimens and curing  

Stage III:    Testing of specimens 

3.2 Materials 

3.2.1 Cement 

The cement type used in this research was DERBA Ordinary Portland Cement (OPC) 

of 42.5 grade cement manufactured in Ethiopia. The main reason for using Ordinary 

Portland Cement (Type I) in this study is that, this is by far the most common cement 

in use and is highly suitable for use in general concrete construction when there is no 

exposure to sulphates in the soil or groundwater [9]. The choice of OPC from PPC 

also avoids any uncertainties in the results of the test. 
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3.2.1.1 Specific Gravity of Cement 

The density of cement is used in the calculation of the aggregate content and of the 

concrete density. The bulk and absolute densities of cement do not differ greatly in 

practice, since cement is usually well-graded and must be kept dry, and in any case 

the precise cement density is not critical in mix design. It is therefore reasonable to 

use the bulk density. The specific gravity of cement is about 3.15 and can be 

determined according to ASTM C188 [50].   

3.2.1.2 Setting Time of Cement 

A paste that is proportioned and mixed to normal consistency is molded and placed in 

a moist cabinet and allowed to start setting. Periodic penetration tests are performed 

on this paste by allowing a 1-mm Vicat needle to settle into this paste. The Vicat 

initial time of setting is the time elapsed between the initial contact of cement and 

water and the time when the penetration is measured or calculated to be 25 mm. The 

Vicat final time of setting is the time elapsed between initial contact of cement and 

water and the time when the needle does not leave a complete circular impression in 

the paste surface. 

3.2.1.3 Fineness of Cement 

A sample of known mass is placed on the clean, dry 150µm (No. 100) sieve with the 

pan attached. Continue the sieving operation until not more than 0.05 gram of the 

material passes through in 1 minute of continuous sieving [50]. Calculate the 

fineness of the sample as:                                  

           Fineness (F) = 100 – [(Rs x 100) / W] …………………..…………….. [50] 
                                                             

Where:  

            F = fineness of cement expressed as the percentage passing the sieve, 

           Rs = residue from sample retained on the sieve, 

           W = weight of sample, g, 

3.2.2 Aggregates 

The relevant tests to identify the properties of the aggregates that were intended to be 

used in this research were carried out and listed below.   
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3.2.2.1 Properties of the Fine Aggregate 

The fine aggregate sample used in this experiment was purchased from local sand 

suppliers at Addis Ababa around ‘kality area’. To investigate its properties and 

suitability for the intended application, the following tests were carried out. 

- Sieve analysis for fine aggregate and fineness modulus 

- Specific gravity and absorption capacity for fine aggregate 

- Moisture content for fine aggregate 

- Silt content for fine aggregate 

- Unit weight of fine aggregate 

3.2.2.1.1 Sieve Analysis for Fine Aggregate and Fineness Modulus 

A sample of dry aggregate at a temperature of 110 ± 5oC of known mass is separated 

through a series of sieves of progressively smaller openings for determination of 

particle size distribution [50].                                  

Fineness modulus (F.M) = Σ cumulative coarser (%) …………………..……….. [50] 

                                                             100                            

3.2.2.1.2 Specific gravity and absorption capacity of fine aggregate 

The specific gravity of an aggregate is considered to be a measure of strength or 

quality of the material. The specific gravity of a substance is the ratio between the 

weight of the substance and that of the same volume of water. This definition assumes 

that the substance is solid throughout. Aggregates, however, have pores that are both 

permeable and impermeable. The structure of the aggregate (size, number, and 

continuity pattern) affects water absorption, permeability, and specific gravity [50].  

To investigate its properties and suitability for the intended application, the following 

tests were carried out. 

- Bulk Specific gravity  

- Bulk Specific gravity (SSD basis)  

- Apparent specific gravity  

- Absorption capacity 

3.2.2.1.3 Moisture content of fine aggregate 

Sample of known mass were dried inside the oven for about 24 hours with a 

temperature of 105oC – 110oc. After that the sample were removed from the oven and 

placed on the desiccators for about an hour in order to cool without absorbing water 
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from the atmosphere. Finally measuring of weight was conducted for the oven dry 

sample. Calculate the fineness of the sample as [50]:      

         w (%) = [(A – B )/ B] X 100…………………………………………[51]                            

Where: 

         w = Moisture content (%) 

         A = weight of original sample (g) 

         B = weight of dry sample (g) 

3.2.2.1.4 Silt content of fine aggregate 

The measuring cylinder was filled with water up to 50ml and sand was added till the 

level of the cylinder reaches 100ml. By shaking the cylinder very well and left it to 

settle down the silt over the sand for three hours. It is necessary that one make a test 

on the silt content and check against permissible limits. The permissible silt content is 

only 6%. According to the Ethiopian standard, if the silt content of the sand is more 

than 6% it shall not be used for construction [50]. Calculate the percentage of the silt 

content as follows: 

               Silt Content (%) = [A/B] X 100 …………………………….. [51] 

Where:  

          A = amount of silt deposited above the sand 

          B = amount of clean sand 

3.2.2.1.5 Unit weight of fine aggregate 

Fill the measure one-third full and level the surface with the fingers. Rod the layer of 

aggregate with 25 strokes of the tamping rod evenly distributed over the surface. Fill 

the measure two-thirds full and again level and rod as above. Finally, fill the measure 

to over flowing and rod again in the manner previously mentioned. Level the surface 

of the aggregate with the fingers or a straightedge in such a way that any slight 

projections of the larger pieces of the coarse aggregate approximately balance the 

larger voids in the surface below the top of the measure.  

In rodding the first layer, do not allow the rod to strike the bottom of the measure 

forcibly. In rodding the second and third layers, use vigorous effort, but not more 

force than to cause the tamping rod to penetrate to the previous layer of aggregate. 
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Determine the mass of the measure plus its contents, and the mass of the measure 

alone, and record the values to the nearest 0.05 kg [0.1 lb]. 

3.2.3 Properties of the plastic aggregate 

The source of the plastic aggregate was plastic bottles which were collected from 

different cities of the country and recycled at COBA Impact Manufacturing PLC 

factory around Hayle Garment area, Nifas Silk Lafto Sub-City in Addis Ababa region. 

The reason for this is that the factory is one of the best manufacturing companies in 

the country which produces very fine size and exports its product to china for further 

granule production. The maximum size of the plastic aggregate was 1-4 mm as shown 

in figure 3.1. To investigate its properties and suitability for the intended application, 

specific gravity test were carried out.   

 
 

Fig. 3. 1. 1-4mm size plastic waste aggregate 

3.2.4 Properties of the coarse aggregate 

Coarse aggregate for concrete shall consist of natural gravel or crushed rock or a 

mixture of natural gravel and crushed rock. Coarse aggregate used in this research 

was purchased from Alpha Chinese quary site Goro area, Bole sub-city in Addis 

Ababa region. In a similar manner like the fine aggregate, laboratory tests were 

carried out to identify the physical properties of the coarse aggregate. The following 

tests were carried out. 

- Moisture content 

-  Unit weight of coarse aggregate 

- Bulk Specific gravity 

-  Bulk specific gravity (SSD basis) 

- Apparent specific gravity 

- Absorption capacity 
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3.2.5 Properties of the demolished aggregate 

Demolished aggregate was collected from Ethiopian Construction Design & 

Supervision Works Corporation, Transport Design & Supervision works Sector 

renovation building located around Mexico area, Lideta Sub-City in Addis Ababa 

region. The type of demolished waste used in this research was, a combination of 

33.33% of demolished concrete structures, 33.33% demolished marbles and 33.33% 

demolished masonry stones. The maximum size of the demolished aggregate was 20 

mm as shown in figure 3.2.  Specific gravity test was conducted on the demolished 

aggregate chips. In a similar manner like the coarse aggregate, laboratory tests were 

carried out to identify the physical properties of the demolished aggregate. The 

following tests were carried out. 

- Moisture content 

-  Unit weight of demolished aggregate 

- Bulk Specific gravity 

-  Bulk specific gravity (SSD basis) 

- Apparent specific gravity 

- Absorption capacity 

 

 
 

 

Fig. 3. 2. Demolished waste aggregate prepared (a) Crushing demolished waste 

aggregate by crusher (b) Demolished waste aggregate after crushing 

 

3.2.6 Water 

 In this research, tap water supplied by Addis Ababa water and sewerage authority at 

room temperature was used in all mixes. 
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3.3 Methods 

3.3.1 Testing Arrangement 

In this study, a total of 7 mixes of concrete grades C-25 were produced with partial 

replacements of the fine aggregate by 10% (constant for all the mixes) of plastic waste 

and also coarse aggregate by 10%, 20%, 30%, 40% and 50% of the demolished 

aggregate. Moreover, a conventional mix with no replacement of the coarse aggregate 

was produced to make a comparative analysis. The mix design process adopted was 

the American Concrete Institute (ACI) method. The mixture proportions of the basic 

ingredients i.e. cement, water, and fine aggregate, were the same for the conventional 

concrete and plastic and demolished waste concrete. However, a certain amount of the 

fine aggregates and the coarse aggregates were replaced by an equal volume of plastic 

waste and demolished aggregate to form recycled concrete from plastic & demolished 

wastes. One control mix design (C-25) was prepared for this investigation. The main 

reason for selecting this concrete grades is that these are by far the most commonly 

used concrete grade for most of the concrete construction works and hence application 

of the research can be more feasible.  

The following tests were performed on the different concrete samples produced in this 

study. 

                   1) Slump test for workability 

                   2) Determination of unit weight of hardened concrete 

                   3) Compressive strength test (7th and 28th day) 

                   4) Splitting tensile strength test, and 

                   5) Flexural strength test 

3.3.2 Trial Mixes 

Before proceeding to the preparation of the main mix design of the research, trial 

mixes were prepared for the conventional mixes.  

The slump test for workability and compressive strength test of the trial mix were 

conducted and listed. The 7-day compressive strength tests are conducted for the trial 

mixes and the result is extrapolated to possible 28-day strength. For this study, 

considering the relative early strength development of OPC cement, the maximum 

value of 75% of strength achievement at the 7 day was assumed to forecast the 28-day 

strength of the trial mixes.  
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For the purpose of preparing the final mix design, it was necessary to evaluate the 

compressive strength test results of the trial mix. Based on this, the mix design was 

readjusted and the final proportioning for the main concrete samples was prepared. 

3.3.3 Batching of Materials 

Saturated surface dry aggregates were used for the concrete mixes under research. 

Cement and aggregates were batched by weight while water and chemical admixtures 

were batched by volume. All the replacement for the fine and coarse aggregate was 

done on a volume basis. To come up with the required volume of concrete to be 

produced, the total number of test specimens has to be to be determined primarily. 

Hence, the specimens required were as follows: 

- Nine cube samples for compressive strength test       

- Three cylinder samples for tensile strength test          

- Three beam samples for flexural strength test             

- Three cylinder samples for impact resistance test                                                                                                      

An additional percentage volume was considered for the compaction factor as well as 

for the wastage that certainly occurs during the mixing and casting process. Finally, 

the required concrete volumes to produce each of the 7 test arrangements were 

determined. Prior to the mixing process, all the required ingredients to produce the 

overall volume of concrete planned were delivered to the laboratory. 

To come up with the required volume of concrete to be produced, the total number of 

test specimens has to be to be determined primarily. Hence, the specimens required 

were as follows: 

         Six cube samples for compressive strength test       = 0.020m3
 

         Six cylinder samples for tensile strength test           = 0.032m3
 

         Six beam samples for flexural strength test             = 0.030m3
 

                                                                         Total          = 0.082m3
 

An additional two cube, cylinder & beam samples volume is considered for the 

compaction factor as well as for the wastage that certainly occurs during the mixing 

and casting process. And the result is;  

         Eight cube samples for compressive strength test        = 0.027m3 

         Eight cylinder samples for tensile strength test            = 0.042m3 
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         Eight beam samples for flexural strength test              = 0.040m3 

                                                                             Total          = 0.109m3 

Finally, the required concrete volume to be produced in each of the 7 test 

arrangements was found to be 0.109 m3.  

Table 3. 1. Mix Proportions for 0.109 m3 of concrete. 

Type Grade Cement 

(kg) 

Fine 

agg. 

(kg) 

Coarse 

Agg. 

(kg) 

Water 

(Lit) 

Plastic 

Agg. 

(kg)  

Demolished 

Agg.(kg) 

Control mix (N) C-25 39.09 88.10 116.02 19.65 0 0 

A C-25 39.09 79.29 116.02 19.65 8.81 0 

B C-25 39.09 79.29 104.42 19.65 8.81 11.62 

C C-25 39.09 79.29 92.82 19.65 8.81 23.20 

D C-25 39.09 79.29 81.21 19.65 8.81 34.81 

E C-25 39.09 79.29 69.61 19.65 8.81 46.41 

F C-25 39.09 79.29 58.01 19.65 8.81 58.01 

 

3.3.4 Mixing and Test Sample Preparation 

It is essential that the mix ingredients are properly mixed so as to produce fresh 

concrete in which the surface of all aggregate particles is coated with cement paste 

and which is homogeneous on the macro-scale and therefore possessing uniform 

properties [9]. Thorough mixing is essential for the complete blending of the materials 

that are required for the production of homogeneous, uniform concrete [3]. The type 

of mixer used in the laboratory for this research is a pan type.                                                    

All the dry ingredients were blended together prior to adding water. All batches were 

then wet-mixed by adding the required water. 

3.3.5 Casting of Specimens  

 After the completion of workability tests, the concrete was placed in the standard 

metallic moulds in three layers and has been compacted each time by tamping rod. 

Before placing the concrete inside faces of the mould were coated with the machine 

oil for easy removal after wards. The concrete in the moulds were vibrated for 30 

seconds using a rubber hammer and the surfaces of the specimens have been finished 

smoothly. The cast specimens are shown below in fig 3.3. 
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Fig. 3. 3. Cast Specimens 

3.3.6 Slump cone test:  

The mould were dampened and placed on a flat, moist, non-absorbent rigid surface. 

Hold firmly in place by standing on the two foot pieces. Using the scoop, the cone 

were filled 1/3 and the layer was uniformly rod 25 times to its full depth. Then the 

cone was filled for the second 2/3 layer full by volume and rod 25 times uniformly, 

ensuring that the rod just penetrates into the first layer. Finally the cone was overfilled 

with the third layer and rod uniformly 25 times with the rod just penetrating into the 

second layer. Strike off the excess concrete level with the top of the cone by a 

screening and rolling motion of the tamping rod and also removal of any spilled 

concrete from around the bottom of the cone was conducted. Immediately the cone 

was removed by raising it carefully in a vertical direction without lateral or torsional 

motion. Finally the difference measurement were taken between the height of the 

mould and the height of the specimen at its highest point to the nearest. 

This distance will be the slump of the concrete. The apparatus of slump cone and 

slump is show in fig. 3.4. When practicable, duplicate slump test should be made and 

the average of the two slumps reported. The concrete temperature at time of testing 

should also be reported. The entire operation from the start of filling to the removal of 

the mould should be carried out without interruption and be completed within an 

elapsed time of 1.5 minutes. 
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Fig. 3. 4. Slump cone test 

3.3.7 Density of concrete:  

Density is defined as mass divided by volume. Kilogram per cubic meter is the typical 

unit for measuring concrete density. The unit weight was determined by the formula 

below.   

D = (Mc—Mm)/Vm  

Where,   

                   D = Density of the concrete in Kg/m3  

                   Mc = Weight of the measure holding the concrete in Kg  

                   Mm =Weight of the empty concrete measure in Kg  

                   Vm = Volume of the measure in m3                                     

3.3.8 Curing Procedure 

 After the casting of cubes, cylinders and impact specimens, the moulds were kept for 

air curing for one day and the specimens are removed from the moulds after 24 hours 

of casting of concrete specimens. Marking has been done on the specimens to identify 

the percentage of plastic waste and percentage of demolished aggregate. Then, they 

were placed in water tank for curing. All the specimens were cured for desired age is 

show in fig. 3.5.  



 

47 

 

 

Fig. 3. 5. Specimen in curing tank 

 

The identification of the specimens was as follows:  

1. N-100% Natural aggregate concrete or Conventional concrete  

2. A -10 % Plastic waste, 90% Natural Sand and 100% Natural coarse aggregate 

concrete  

3. B - 10% Plastic waste, 90% Natural Sand, 10% Demolished aggregate and 90%  

Natural coarse aggregate concrete  

4. C-10% Plastic waste, 90% Natural Sand, 20% Demolished aggregate and 80% 

Natural coarse aggregate concrete  

5. D-10% Plastic waste, 90% Natural Sand, 30% Demolished aggregate and 70% 

Natural coarse aggregate concrete  

6. E-10% Plastic waste, 90% Natural Sand, 40% Demolished aggregate and 60% 

Natural coarse aggregate concrete  

7. F-10% Plastic waste, 90% Natural Sand, 50% Demolished aggregate and 50% 

Natural coarse aggregate concrete   

3.3.9 Details of Tests Conducted   

1. Cube compressive strength of concrete  

2. Cylindrical split tensile strength of concrete  

3. Beam flexural strength of concrete     
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3.3.9.1 Cube Compressive Strength of Concrete   

For each percentage of plastic waste and demolished aggregate, 6 cube specimens 

have been cast. In all 42 cubes of size 150mm x 150mm x 150mm have been cast. 

The cube specimen is shown in fig. 3.6.  

 

Fig. 3. 6. Cube Specimen 

3.3.9.2 Cylindrical Split Tensile Strength of Concrete  

For each percentage of plastic waste and demolished aggregate, 6 cylinder specimens 

have been cast. In all 42 cylinders of size 150mm diameter and 300mm height have 

been cast. The cylinder specimen is shown in fig. 3.7.  

 

Fig. 3. 7. Cylinder Specimen 

 

3.3.9.3 Beam Flexural Strength of Concrete   

For each percentage of plastic waste and demolished aggregate, 6 impact specimens 

have been cast. In all 42 beam specimens of size 100mm width, 100mm depth and 

500mm length have been cast.  The beam specimen is shown in fig. 3.8. 
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Fig. 3. 8. Beam Specimen 

3.3.10 Testing of cubes for compressive strength  

The compressive loading tests on concretes were conducted on a compression testing 

machine of capacity 2000KN. For the compressive strength test, a loading rate of 2.5 

KN/s was applied as per ASTM C 39 standard [12]. The test was conducted on 

150mm x150mm x 150mm cube specimens at 7 and 28 days. The crushing of cube is 

shown in fig. 3.9.  

Compressive strength = (Load/Area)   in N/mm2  

 

Fig. 3. 9. A View of Compression Testing of Cube 

3.3.11 Testing of Cylinders for Split tensile strength   

  Split tensile strength test was conducted in accordance with ASTM C96. Cylinders 

of 150mm x 300mm size were used for this test, the test specimens were placed 

between two platens with two pieces of 3mm thick and approximately 25mm wide 

plywood strips on the top and bottom of the specimens. The split tensile strength was 

conducted in the same machine on which the compressive strength test was 

performed. The specimens were tested for 7 and 28 days. This test is conducted in a 

2000KN capacity compression testing machine by placing the cylinder specimen, so 
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that its axis is horizontal to the plates of the test machine. Narrow strips of packing 

materials i.e., plywood is placed between the plates and the cylinder to receive 

compressive stress. The load was applied uniformly at a constant rate until failure by 

splitting along the vertical axis takes place. Load at which the specimens failed is 

recorded and the split tensile stress is obtained using the formula based on ASTM 

C96. The splitting of cylinder is shown in figure 3.10.  

 

Fig. 3. 10. A View of Split Tensile Strength Test of Cylinder 

 

The following relation was used to find out the Split tensile strength of cylinder  

Ft=2P/πDL 

Where,  

              P = Compressive load on the cylinder  

              L = Length of the cylinder 

              D = Diameter of the cylinder   

The results have been tabulated and graphical variations have been studied.   

3.3.12 Testing of specimens for flexural strength of concrete     

In this test, the concrete member to be tested is supported at its ends and loaded at its 

interior location(s) by a gradually increasing load to failure. The failure load (loading 

value at which the concrete cracks heavily) is then recorded and used to determine the 

tensile stress at which the member failed, i.e. its tensile strength [50]. The flexural 

strength test of a beam is shown in figure 3.11. 
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Fig. 3. 11. A View of Flexural Strength Test of a Beam 

 

The following relation was used to find out the flexural strength of beam specimen  

R=PL/bd2  

Where: 

                    R = modulus of rupture, MPa 

                    P = maximum applied load indicated by the testing machine, N 

                    L = span length, mm 

                    b = average width of specimen, mm, at the fracture, and 

                    d = average depth of specimen, mm, at the fracture 
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4. RESULTS AND DISCUSSIONS 

4.1 Introduction  

This section describes the results of the tests carried out to investigate the various 

properties of the concrete mixes prepared in contrast with the control mixes. In the 

succeeding parts, the result for gradation tests, workability, unit weight, compressive 

strength test, splitting tensile strength test and flexural strength tests are presented. 

Analysis and discussion are also made on the findings. 

4.2 Cement   

Various tests have been carried out according to ASTM C150/C150M-18. From them 

it is found that,  

           a) Specific gravity of cement is 3.15.   

           b) Initial and Final setting times of cement are 30 minutes and 600 minutes                                                              

               respectively. 

           c) Fineness of cement is 4%.  

4.3 Properties of the fine aggregate 

4.3.1 Organic Impurities of Fine Aggregate 

Sand is procured and is found to be conformed to standard color plate no.2 of ASTM 

C40.  

 

Fig.4. 1. Organic impurities test for fine aggregate 

4.3.2 Sieve Analysis for Fine Aggregate and Fineness Modulus 

Table 4.1 below shows the percentage passing each sieve size and Figure 4.2 shows 

the corresponding graph. More particles are retained on sieve size 0.06mm, which is 

552.80gm out of 1550 grams used in the test. The next sieve size that also contains a 
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big accumulation is the 0.03mm sieve size with 350gm out of 1550 grams used in the 

test.  

Although the 0.6mm sieve size collect more particles compared to the rest, the 

experiment used all the grains mass passing the 9.5mm sieve size for mixing.  

Table 4. 1. Sieve Analysis Test for Fine Aggregate. 

Sieve Size, 

in mm 

Mass 

Retained, gm 

%    

Retained 

 %           

Pass 

Cumulative                                   

% Retain 

9.5 3.80 0.25 99.75 0.25 

4.75 65.10 4.20 95.56 4.44 

2.36 142.20 9.17 86.39 13.61 

1.18 195.30 12.60 73.79 26.21 

0.6 552.80 35.65 38.14 61.86 

0.3 350.00 22.57 15.56 84.44 

0.15 125.40 8.09 7.48 92.52 

0.075 61.60 3.97 3.50  

PASS 54.30 3.50 0.00  

FM        2.83 

 

 

 

Fig.4. 2. Graph for Sieve analysis of Fine aggregate 

 

Fineness modulus (F.M) = Σ cumulative coarser (%)/100 

                               F.M. = 283/100 = 2.83 
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4.3.3 Specific gravity and absorption capacity of fine aggregate 

The following results were found for the fine aggregate sample. 

 Bulk Specific gravity = 2.051 

 Bulk Specific gravity (SSD basis) = 2.104 

 Apparent specific gravity = 2.224 

 Absorption capacity = 2.63% 

4.3.4 Moisture content of fine aggregate 

The moisture content of the fine aggregate sample used in this study was tested at 

different times prior to mixing and it was found to be in the range of 1.57%. 

4.3.5 Silt content of fine aggregate 

From the silt content test performed on the sand, it was found that the original silt 

content was 3.50 %. According to the Ethiopian standard, it is recommended to wash 

the sand or reject if the silt content exceeds a value of 6 % [37]. Therefore, the result 

was found to be acceptable. 

4.3.6 Unit weight of fine aggregate 

The unit weight of the fine aggregate (loose) sample used was found to be 1071 kg/m3 

and the unit weight of fine aggregate (compacted) sample used was found to be 1171 

kg/m3. 

4.4 Properties of the plastic aggregate 

The waste plastics are collected from dump sites and from various factories, the 

collected plastic is cleaned and made into pieces of varying size from 1-4mm. various 

tests have been conducted on plastic waste and following results are found out.  

a) Specific gravity of plastic waste is 1.23  

b) Loose Unit Weight of plastic waste is 3714 kg/m3  

c) Compacted Unit Weight of plastic waste is 4184 kg/m3 

d) Fineness Modulus of plastic waste is 3.96 

Table 4.2 below shows the percentage passing each sieve size and Figure 4.3 shows 

the corresponding graph. 
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Table 4. 2. Sieve Analysis Test for Plastic Waste Aggregate 

Sieve Size, 

in mm 

Mass 

Retained, gm 

%    

Retained 

 %           

Pass 

Cumulative                                   

% Retain 

9.5 0.00 0.00 100 0.00 

4.75 0.00 0.00 100 0.00 

2.36 21.00 4.20 95.80 4.20 

1.18 440.90 88.18 7.62 92.38 

0.06 36.00 7.20 0.42 99.58 

0.03 1.60 0.32 0.10 99.90 

0.015 0.10 0.02 0.08 99.92 

0.075 0.10 0.02 0.06  

PASS 0.3 0.06 0.00  

FM        3.96 

 

 

Fineness modulus (F.M) = Σ cumulative coarser (%)/100 

                               F.M. = 396/100 = 3.96 

 

Fig.4. 3. Graph for Sieve analysis of Waste Plastic Aggregate 

 

4.5 Properties of the coarse aggregate 

Machine crushed aggregate consisting of 25mm maximum size of aggregates has 

been obtained from the local quarry. The test result of coarse aggregate as below. 
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4.5.1 Sieve Analysis for Coarse Aggregate  

Table 4.3 below shows the percentage passing each sieve size and Figure 4.4 shows 

the corresponding graph. 

Table 4. 3. Sieve Analysis Test for Coarse Aggregate. 

Sieve Size, 

in mm 

Mass 

Retained, gm 

%    

Retained 

 %           

Pass 

63 

 

0.00 

 

0.00 100 

50 0.00 0.00 100 

37.5 0.00 0.00 100 

25 207.40 4.15 95.85 

19 1,463.90 29.28 66.57 

12.5 2,100.80 42.02 24.56 

9.5 842.70 16.85 7.70 

4.75 382.60 7.65 0.05 

0.075 1.20 0.02 0.00 

PASS 1.40 0.03  

Total 5,000.00 

 

 

 

 

 

 

 

Fig.4. 4. Graph for Sieve analysis of Coarse aggregate 

 

4.5.2 Specific gravity and absorption capacity of coarse aggregate 

The following results were found for the fine aggregate sample. 

 Bulk Specific gravity = 2.57 

 Bulk Specific gravity (SSD basis) = 2.63 
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 Apparent specific gravity = 2.73 

 Absorption capacity = 2.34% 

4.5.3 Moisture content of coarse aggregate 

The moisture content of the fine aggregate sample used in this study was tested at 

different times prior to mixing and it was found to be in the range of 1.42%. 

4.5.4 Unit weight of coarse aggregate 

The unit weight of the coarse aggregate (loose) sample used was found to be 1428 

kg/m3 and the unit weight of coarse aggregate (compacted) sample used was found to 

be 1555 kg/m3. 

4.6 Properties of the demolished aggregate 

Demolished aggregate is procured from demolished structures. After collecting, they 

are broken down into pieces and also various tests are conducted on it. 

4.6.1 Sieve Analysis for Demolished Aggregate  

Table 4.4 below shows the percentage passing each sieve size and Figure 4.5 shows 

the corresponding graph. 

Table 4. 4. Sieve Analysis Test for Demolished Aggregate. 

Sieve Size, 

in mm 

Mass 

Retained, gm 

%    

Retained 

 %           

Pass 

63 

 

0.00 

 

0.00 100 

50 0.00 0.00 100 

37.5 0.00 0.00 100 

25 1098 25.05 74.95 

19 1307 29.81 45.14 

12.5 1,169.9 26.69 18.45 

9.5 531.80 12.13 6.32 

4.75 252.90 5.77 0.55 

0.075 20.90 0.48 0.00 

PASS 3.30 0.08  

Total 4,383.80 
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Fig.4. 5. Graph for Sieve analysis of Demolished aggregate 

4.6.2 Specific gravity and absorption capacity of demolished aggregate 

The following results were found for the demolished aggregate sample. 

 Bulk Specific gravity = 2.49 

 Bulk Specific gravity (SSD basis) = 2.52 

 Apparent specific gravity = 2.56 

 Absorption capacity = 1.25% 

4.6.3 Moisture content of demolished aggregate 

The moisture content of the demolished aggregate sample used in this study was 

tested at different times prior to mixing and it was found to be in the range of 0.30%. 

4.6.4 Unit weight of demolished aggregate 

The unit weight of demolished coarse aggregate (loose) sample used was found to be 

1260 kg/m3 and the unit weight of demolished coarse aggregate (compacted) sample 

used was found to be 1454 kg/m3. 

4.7 Results of Concrete mix Design 

Table 4.5 below shows the material constituents of the final mix. 

 

Table 4. 5. Mix Proportioning for 1m3 of Concrete. 

Type Grade Cement 

(kg/m3) 

Sand or F/A. 

(Kg/m3) 

Coarse Agg. 

C/A (Kg/m3) 

Water 

(Lit/m3) 

Control mix (N) C-25 358.7 808.30 1061.40 180.30 
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The slump test and compressive strength test results of the final mix are tabulated in 

Table 4.6 below. The 7-day compressive strength tests are conducted for the final 

mixes and the result is extrapolated to possible 28-day strength. Sidney Mindess et al 

suggested that the ratio of the 28 day strength to the 7-day strength lies between 1.3 

and 1.7 but is usually less than 1.5 and it depends on the cement type and curing 

temperature [14]. In other words, the 7 day strength will be on the range between 60 

and 75% of the 28 day strength.  

Table 4. 6. Slump and Compressive Strength Test results of the Final mix. 

Grade Slump 

(mm) 

Types of test  7 day (Mpa) 

(Mpa) 

28 day (Mpa) 

C-25 Cube Specimen 

SpecimenSpecimen 

65 mm Compressive 

strength 

24.21 29.11 

C-25 Cylinder Specimen 

Specimen 

65 mm Tensile 

SSStrength 

2.76 3.03 

C-25  Beam Specimen 

Specimen 

65 mm Flexural  9.22 10.13 

 

4.8 Properties of Fresh Concrete 

Visual observations during mixing and compaction of all the concretes suggested that 

the concretes were homogeneous; there was no segregation and bleeding, the mixes 

were compactable. The fresh state performance of the Plastic waste and Recycled 

aggregate concretes was comparable with control concrete. This observation suggests 

that addition of Recycled aggregate decreases workability. The workability and 

densities of fresh concretes were also tested and presented in Table 4.7 and Table 4.8. 

Fig 4.5 shows relationship between density of the concrete and % of Plastic waste and 

Recycled aggregate replacement, there was good relationship between the variables.  

From table 4.8 and figure 4.6 it may be observed that the density gets reduced with 

the replacement of 10% of sand by plastic waste and coarse aggregate with 

demolished aggregate from 0 to 50%.  

The density of 100% natural aggregate concrete is 2,414.81 kg/m3 and density of F 

(10% Plastic waste and 50% Demolished waste) concrete mix is 2,157.04 kg/m3. 
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Table 4. 7. Workability of Concrete /slump test result/ 

Mix Name % of Plastic 

Waste 

% of Demolished 

Waste 

Slump in mm 

N 0 0 65 

A 10 0 56 

B 10 10 50 

C 10 20 48 

D 10 30 45 

E 10 40 40 

F 10 50 36 

 

 

Table 4. 8. Densities of Partially Replaced Fresh Concrete by Plastic and Demolished 

Wastes 

Mix 

Name 

% of 

Plastic 

Waste 

% of 

Demolished 

Waste 

Mc, 

Kg 

Mm, 

kg 

Volume, 

m
3
 

Density in 

kg/m
3
 

N 0 0 27.30 19 0.0034 2,459.26 

A 10 0 27.04 19 0.0034 2,382.22 

B 10 10 27.00 19 0.0034 2,370.37 

C 10 20 26.94 19 0.0034 2,352.30 

D 10 30 26.81 19 0.0034 2,314.07 

E 10 40 26.55 19 0.0034 2,237.04 

F 10 50 26.28 19 0.0034 2,157.04 

 

 

Fig.4. 6. Density of Concrete Vs. Percentage Replacement of Plastic Waste and 

Demolished Aggregate. 

4.9 Properties of Hardened Concrete 

The different tests that have been carried out to establish the hardened properties of 

the concrete samples produced were; determination of unit weight, compressive 

strength, splitting tensile strength and flexural strength tests.   

 2,000.00

 2,100.00

 2,200.00

 2,300.00

 2,400.00

 2,500.00

N A B C D E F

D
e
n

si
ty

 o
f 

F
r
e
sh

 C
o
n

c
r
e
te

 i
n

 

K
g

/m
3

Specimens

FA and CA replacement with

PW and RCA



 

61 

 

4.9.1 Determination of Unit weight 

The unit weight values used for the analysis of this section are measured from the 

concrete cube samples after 28 days of standard curing. From the results, it was found 

out that a reduction of unit weight up to 12.68 % was observed when 50% by volume 

of the coarse aggregate was replaced by demolished aggregate and 10% by volume of 

the fine aggregate was replaced by plastic aggregate in mix batch F. Whereas 3.82% 

reductions were observed for only 10% replacement of plastic waste in mix batch A. 

in mix batch B, 4.02% reduction was observed for both 10% replacement of plastic & 

demolished waste aggregates. A reduction in unit weight of 4.23%, 6.24% and 8.89% 

was noted for 20, 30 and 40% of the coarse aggregate and a constant 10% fine 

aggregate replacement by demolished and plastic waste aggregates in mix batch C, D 

and E.  

The low specific gravity of the plastic waste, 1.231, as compared to the fine 

aggregates, 2.65, produced a decrease in the unit weight of the concrete, as shown in 

Table 4.9. Since crushed plastic waste is more than two times lighter than the mineral 

fine aggregate, it was expected that the mass density of the mix would be reduced. 

The results for the unit weight are presented in Table 4.9 below and Figure 4.7 

demonstrates the comparative decrease in unit weight of the partially replaced 

concrete by plastic and demolished wastes in contrast with the respective control 

concrete.  

Table 4. 9. Unit weights of the control concretes and partially replaced concrete by 

plastic & demolished wastes. 

 

No. Specimen % of Plastic 

Waste 

% of 

Demolished 

Waste 

Unit Wt. 

(Kg/m
3
) 

% Reduction 

1 N 0 0 2,454.32 - 

2 A 10 0 2,360.49 3.82 

3 B 10 10 2,355.56 4.02 

4 C 10 20 2,350.62 4.23 

5 D 10 30 2,301.23 6.24 

6 E 10 40 2,236.05 8.89 

7 F 10 50 2,143.21 12.68 
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Fig.4. 7. Graphical Comparison of Unit Weight Values 

 

Using concrete with a lower density can result in significant benefits in terms of load 

bearing elements of smaller cross-section and a corresponding reduction in the size of 

foundations. Occasionally, the use of concrete with a lower density permits 

construction on ground with a low load-bearing capacity. Furthermore, with lighter 

concrete, the formwork need withstand a lower pressure than would be in case with 

normal weight concrete, and also the total mass of materials to be handled is reduced 

with a consequent increase in productivity.  Concrete that has a lower density also 

gives better thermal insulation than ordinary concrete [9]. Therefore, the reduced 

density of concrete containing plastic and demolished waste aggregates can provide 

with all the benefits mentioned which are associated with a lower density. 

4.9.2 Compressive Strength 

The compressive strengths of concrete specimens were determined after 7 and 28 days 

of standard curing. The Cube compressive strength results with constant percentage 

replacement of fine aggregate by plastic waste and varying percentage replacement of 

coarse aggregate by demolished aggregate are presented in Table 4.10. The graphical 

variation of compressive strength versus percentage replacement of fine aggregate by 

plastic waste and varying percentage replacement of coarse aggregate by demolished 

aggregate are presented in Fig 4.8. From table 4.10 and figure 4.8 it may be observed 

that there is a decrease in compressive strength with 10% Plastic waste and 0% to 

50% replacement of demolished waste in place of natural sand and coarse aggregate. 
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Table 4. 10. Results of compressive strength tests. 

 

S.No. 

 

Mix Name 

Compressive Strength 

(fck) in N/mm
2
 

% Strength Loss 

Cube Specimen Cube Specimen 

7 Days 28 Days 7 Days 28 Days 

1 Conventional Concrete 

(N) 
24.21 29.11 - - 

2 Concrete With 10% 

PW and 0% RCA (A) 
23.20 28.38 4.17 2.52 

3 Concrete With 10% 

PW and 10% RCA (B) 
21.69 27.13 10.40 6.80 

4 Concrete With 10% 

PW and 20% RCA (C) 
19.76 26.60 18.38 8.64 

5 Concrete With 10% 

PW and 30% RCA (D) 
18.81 26.06 22.29 10.49 

6 Concrete With 10% 

PW and 40% RCA (E) 
17.54 25.47 27.56 12.51 

7 Concrete With 10% 

PW and 50% RCA (F) 
15.85 23.84 34.53 18.11 

 

 

Fig.4. 8. Cube Compressive strength Vs. Percentage Replacement of Plastic waste and 

Demolished Aggregate. 

 

From the above Table and Figure it may be observed that there is a decrease in 

compressive strength with 10% Plastic waste and 0% to 50% replacement of 

demolished waste in place of natural sand and coarse aggregate. The reason for the 

compressive strength reductions could be attributed both to a reduction of quantity of 

the solid load carrying material and to the lack of adhesion at the boundaries of the 

waste plastic aggregate.  
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4.9.3 Splitting tensile strength Test 

The common method of estimating the tensile strength of concrete is through an 

indirect tension test. The splitting tensile test is carried out on a standard cylinder 

tested on its side in diametrical compression. The horizontal stress to which the 

element is subjected is given by the following equation.                                                         

 Horizontal tension Ft= 2P/πDL   ...………………….……………… [3]                 

 Where:    

               P - the applied compressive load                              

               L - the cylinder length, and                             

               D - the cylinder diameter   

The test is carried out on cylindrical specimens using a bearing strip of 3 mm 

plywood that is free of imperfections and is about 25 mm wide. The specimen is 

aligned in the machine and the load is then applied [3]. Figure 4.9 below shows the 

testing method for splitting tensile strength test and Table 4.11 shows the splitting 

tensile strength test results. The comparison of the results with the control concretes 

are shown graphically in Figure 4.10 below. 

 

Fig.4. 9. Splitting tensile strength Test 
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Table 4. 11. Splitting Tensile Strength Test Results. 

 

 

S.No. 

 

Mix Name 

Splitting Tensile 

Strength, in N/mm
2
 

Cylinder Specimen 

7 Days 28 Days 

1 Conventional Concrete 

(N) 

2.76 3.03 

2 Concrete With 10% 

PW and 0% RCA 

2.69 2.99 

3 Concrete With 10% 

PW and 10% RCA 

2.61 2.92 

4 Concrete With 10% 

PW and 20% RCA 

2.49 2.89 

5 Concrete With 10% 

PW and 30% RCA 

2.41 2.84 

6 Concrete With 10% 

PW and 40% RCA 

2.34 2.81 

7 Concrete With 10% 

PW and 50% RCA 

2.22 2.72 

 

 

Fig.4. 10. Split Tensile Strength Vs. Percentage Replacement of Plastic waste and 

Demolished Aggregate 

 

From the above Table and Figure it may be observed that there is a decrease in 

splitting tensile strength with 10% Plastic waste and 0% to 50% replacement of 

demolished waste in place of natural sand and coarse aggregate. 

One of the reasons that splitting tensile strength of the partially replaced concrete by 

waste aggregate is lower than the conventional concrete is that bond strength between 

cement paste and plastic waste particles is poor.  
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4.9.4 Flexural strength Tests 

This test gives another way of estimating tensile strength of concrete. During pure 

bending, the member resisting the action is subjected to internal actions or stresses 

(shear, tensile and compressive). For a bending force applied downward on a member 

supported simply at its two ends, fibers above the neutral axis are, generally, 

subjected to compressive stresses and those below the neutral axis to tensile stresses.  

For this load and support system, portions of the member near the supports are 

subjected to relatively higher shear stresses than tensile stresses. In this test, the 

concrete member to be tested is supported at its ends and loaded at its interior 

locations by a gradually increasing load to failure. The failure load (loading value at 

which the concrete cracks heavily) is then recorded and used to determine the tensile 

stress at which the member failed, i.e. its tensile strength [50].  

The prepared beam samples were tested after 7 & 28 days of standard curing and the 

results of flexural strength tests for the control concretes and the partially replaced 

concretes are summarized below in Table 4.12. Figure 4.11 below shows a graphical 

representation of the comparison on the flexural strength of the control concretes and 

the partially replaced concretes.   

Table 4. 12. Flexural Strength Test Results. 

 

 

S.No. 

 

Mix Name 

Failure Load, in KN Flexural Strength, in 

N/mm
2
 

Beam Specimen Beam Specimen 

7 Days 28 Days 7 Days 28 Days 

1 Conventional Concrete 

(N) 

18.43 20.25 9.22 10.13 

2 Concrete With 10% 

PW and 0% RCA 

17.60 19.65 8.80 

 

9.83 

3 Concrete With 10% 

PW and 10% RCA 

17.15 19.55 8.58 9.78 

4 Concrete With 10% 

PW and 20% RCA 

16.32 19.02 8.16 9.51 

5 Concrete With 10% 

PW and 30% RCA 

15.60 18.48 7.80 9.24 

6 Concrete With 10% 

PW and 40% RCA 

15.20 17.95 7.51 8.98 

7 Concrete With 10% 

PW and 50% RCA 

13.28 16.99 6.64 8.50 
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Fig.4. 11. Comparison of flexural strength test results 

 

4.9.5 Economic analysis 

Several aggregates producers and construction material suppliers cooperated to give 

information and price on their aggregate products and material they supply to the 

market. Table 4.13 shows a summary of concrete making materials cost as collected 

from the respective town’s material suppliers and aggregate producers. The costs for 

the natural sand and coarse aggregate are both with and without transportation cost to 

the required place. Manufactured sand cost is the production cost and, an 

approximation is required in order to include cost for transportation.  The price show 

is ETB per quintal and per m3 of cement and aggregate, respectively, and the cost of 

the material was as recent as of May 2019.  

Table 4. 13. Summary of costs for materials used in cost calculation 

Cement Cost 

Derba Cement OPC (Birr/qtl) 240 

Fine Aggregate  

Including transport (Birr/m3) 400 

Coarse Aggregate  

Including transport (Birr/m3) 500 

 

Table 4.14 below shows cost analysis for the conventional concrete mix and table 

4.15 shows cost analysis for the optimum waste based concrete mix. From the 

analysis it may be observed that there is a cost decrease of 226.44 birr/m3.  
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Table 4. 14. Analysis sheet for direct and indirect unit cost of conventional concrete mix 

 

PROJECT:    CONCRETE   WORK LABOUR HOURLY OUTPUT: 1.25 m
3
 / hr.

WORK ITEM:  ( 4.6 ) C-25  Concrete (Mechanical Mix) 1:2:3 EQUIPEMENT:   Mixer & Vibrator

TOTAL QUANTITY OF WORK ITEM:  1 m
3

RESULT: 1,846.87   Birr/m
3

Type of 

Material Unit Qty * Rate

Cost per 

Unit

Labour by 

Trade No. UF

** Indexed 

Hourly 

Cost

Hourly 

Cost

Type of 

Equipment No.

Houerly 

Renatal

Hourly 

Cost

Cement Qnt. 3.60 240.00 864.00 Foreman 1.00 0.25 16.83 4.21 Mixer 1.00 38.87 38.87

Sand m
3

0.52 400.00 208.00 Mason I 2.00 1.00 10.50 21.00 Vibrator 1.00 17.15 17.15

Gravel (02) m
3

0.78 500.00 390.00 Gang Lead 1.00 1.00 4.375 4.38

Cart for 

waste 1.00 1.00 1.00

Water m
3

0.21 3.00 0.64 D/L 23.00 1.00 4.03 92.58

1462.64 122.16 57.02

A=  Materials Unit Cost1462.64 Birr/m
3

B=Manpower Unit Cost 97.73  Br./m
3

C=  Equipment Unit Cost : 45.61  Br./m
3

  Total of (1:02)    Total of (1:03) 

Hourly Output    Hourly output: 

  Direct Cost of work item = A+B+C = 1,605.98   Birr/m
3

 Overhead Cost: 15% 240.90       "

 Profit Cost:  0% 0.00       "

 Total Unit Cost : 1,846.87   Birr/m
3

Remark ________________________________________________________

UF:  UTILIZATION FACTOR

 *:    INCLUSIVE OF WASTAGE, TRANSPORTING, HANDLING, ETC.

**:    INCLUSIVE OF BENEFITS, TRAVEL SUBSIDES AND COST OF OVERTIME RELATED TO TARGETED OUTPUT.

                  ANALYSIS SHEET FOR DIRECT & INDIRECT UNIT COSTS 

Material Cost (1:01) Labour (1:02)             Equipment Cost (1:03)

Total (1:-01)  Total (1:02) Total (1:03)
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Table 4. 15. Analysis sheet for direct and indirect unit cost of optimum waste based concrete mix 

 

PROJECT:    CONCRETE   WORK LABOUR HOURLY OUTPUT: 1.25 m
3
 / hr.

WORK ITEM:  ( 4.6 ) C-25  Concrete (Mechanical Mix) 1:2:3 EQUIPEMENT:   Mixer & Vibrator

TOTAL QUANTITY OF WORK ITEM:  1 m
3

RESULT: 1,846.87   Birr/m
3

Type of 

Material Unit Qty * Rate

Cost per 

Unit

Labour by 

Trade No. UF

** Indexed 

Hourly 

Cost

Hourly 

Cost

Type of 

Equipment No.

Houerly 

Renatal

Hourly 

Cost

Cement Qnt. 3.60 240.00 864.00 Foreman 1.00 0.25 16.83 4.21 Mixer 1.00 38.87 38.87

Sand m
3

0.52 400.00 208.00 Mason I 2.00 1.00 10.50 21.00 Vibrator 1.00 17.15 17.15

Gravel (02) m
3

0.78 500.00 390.00 Gang Lead 1.00 1.00 4.375 4.38

Cart for 

waste 1.00 1.00 1.00

Water m
3

0.21 3.00 0.64 D/L 23.00 1.00 4.03 92.58

1462.64 122.16 57.02

A=  Materials Unit Cost1462.64 Birr/m
3

B=Manpower Unit Cost 97.73  Br./m
3

C=  Equipment Unit Cost : 45.61  Br./m
3

  Total of (1:02)    Total of (1:03) 

Hourly Output    Hourly output: 

  Direct Cost of work item = A+B+C = 1,605.98   Birr/m
3

 Overhead Cost: 15% 240.90       "

 Profit Cost:  0% 0.00       "

 Total Unit Cost : 1,846.87   Birr/m
3

Remark ________________________________________________________

UF:  UTILIZATION FACTOR

 *:    INCLUSIVE OF WASTAGE, TRANSPORTING, HANDLING, ETC.

**:    INCLUSIVE OF BENEFITS, TRAVEL SUBSIDES AND COST OF OVERTIME RELATED TO TARGETED OUTPUT.

                  ANALYSIS SHEET FOR DIRECT & INDIRECT UNIT COSTS 

Material Cost (1:01) Labour (1:02)             Equipment Cost (1:03)

Total (1:-01)  Total (1:02) Total (1:03)
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In general by partially replacing these wastes with natural sand and coarse aggregate, 

it is possible to achieve an economical concrete mix.  

From the results obtained, it can be concluded that as the amount of plastic & 

demolished waste aggregates content increases, the reduction in the flexural strength 

also increases with a concrete of medium and high strength compressive values.   
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5. CONCLUSIONS AND RECOMMENDATIONS 

The general objective of this research was to evaluate the fresh and hardened 

properties of a concrete produced by replacing part of the natural coarse aggregates 

with an aggregate produced from locally available recycled demolished wastes and 

the natural fine aggregates with an aggregate produced from locally available recycled 

waste plastic bottles. From the test results of the samples, as compared to the 

respective conventional concrete properties, the following conclusions and 

recommendations are drawn out. 

5.1 Conclusions 

The following conclusions are done from the investigation:   

1. The density and compressive strength of concrete are found to decrease with 

the increase in percentage replacements of sand by plastic waste and natural 

aggregate by demolished aggregate.    

2. Use of these waste materials not only cuts down the cost of construction, but 

also contributes in safe disposal of waste materials.    

3. The production cost decreased remarkably. Plastic waste and demolished 

wastes are economically feasible compared to fine and coarse aggregate since 

the research focuses only on material that are considered waste and not the so 

– called ‘virgin’ plastic that can be very expensive if altered to the sand.  

4. Based on the experimental investigations conducted, it is concluded that 

plastic waste and demolished waste is in no way inferior to other natural 

materials.   

5. This investigation concludes that, disposal of these (plastic and demolished) 

wastes is no longer a problem and this technique reduces the hazardous impact 

on environment. 

5.2 Recommendations 

The following recommendations are done from the investigation:   

1. This type of concrete can be effectively used in construction of simple, 

unimportant and non-load bearing structures.  

2. This type of concrete can be used in making of lightweight concrete.  

3. This type of concrete can be used in laying roads in rural areas and also for 

construction of footpaths.  

4. Sand and Coarse aggregate can be replaced successfully in concrete. 



 

72 

 

5.3 Recommendations for future study 

1. In future, work should be done in such a way that the percentage of plastic 

waste is also to be varied in different percent along with the demolished waste 

to know its characteristics and performance.  

2. Further investigation should be done in the future about the chemical reaction 

between concrete making ingredients and the plastic waste. 
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APPENDIX 

Appendix A: Material Properties 

Table A. 1 : Physical Properties of the Fine Aggregate 

Organic Impurities in Fine Aggregates 

 Frequency 1 2  

Average ASTM Fig. 

No. 

Organic ASTM Fig. 

No. 

Result of Organic 

Impurities 

Result of Organic 

Impurities 

1  

2 

 

2 

 

No.2 2 

3 

4 

5 

 

Specific Gravity and Water Absorption of Fine Aggregate/ Gravimetric (Pycnometer) 

Procedure TEST METHOD:AASHTO T 84-91, T85 or ASTM C117-90 

 No.   Test 

1 Flask Number 

 

 BE 

2 Weight of Flask  (g)  520.20 

3 Weight of Flask  + SSD Test  Sample  (g)  1020.20 

4 Weight of  SSD Test Sample  (g) S 500.00 

5 Weight of oven dry test sample (g) A 487.20 

6 Weight of flask + full of water (gm)  B 1670.20 

7 Weight of flask + Sample + full of water (gm)  C 1932.60 

8 Volume of Sample (4+6)-7  237.600 

9 Specific Gravity SSD test Sample (3/7) or  S/(B+S-C)  2.104 

10 Specific Gravity SSD  2.104 

11 Bulk Specific Gravity (dry basis) =                                                                                                                      

(Sp.Gr. SSD)/(100+ % Abs))*100 

 2.051 

12 Bulk Specific Gravity (dry basis)  2.051 

13 Apparent Specific Gravity of test Sample  A/(B+A-C)  2.224 

14 Apparent Specific Gravity of test Sample   2.224 

15 Water Absorption of test     ( ( 4-5)/5)100  2.627 

16 Water Absorption of test       2.627 

17 NMC Determination 

18 Weight of test sample Before Oven Dry (gm)  452.00 

19 Weight of test sample After Oven Dry (gm)  445.00 

20 Natural Moisture Content    ( (15-16)/16)*100  1.573 

21 Average Natural Moisture Content, %  1.573 

22 Absorption Minus NMC (%) = (20-15)  1.054 
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Unit Weight of Fine Aggregate 

I. Fine Aggregate (LOOSE) 

TEST METHOD                 AASHTO T-019-93 

Sr. 

No 

Wt. of 

Mould,                    

gm 

Wt. of 

Mould + 

Sample, gm 

Wt. of 

Sample, gm 

Volume of 

Mould, Cm
3
 

Unit 

Weight, 

Kg/m3 

Average 

1 2800 5800 3000 2832 1059.32 1071 

2 5850 3050 1076.98 

3 5850 3050 1076.98 

Unit Weight of Fine Aggregate 

II. Fine Aggregate (COMPACTED) 

TEST METHOD                 AASHTO T-019-93 

Sr. 

No 

Wt. of 

Mould,                    

gm 

Wt. of 

Mould + 

Sample, gm 

Wt. of 

Sample, gm 

Volume of 

Mould, Cm
3
 

Unit 

Weight, 

Kg/m3 

Average 

1 2800 6100 3300 
2832 

1165.25 1177 

2 6150 3350 1182.91 

3 6150 3350 1182.91 

 

Table A. 2. Physical Properties of the Coarse Aggregate 

Unit Weight of Coarse Aggregate 

I. Coarse Aggregate (LOOSE) 

TEST METHOD                 AASHTO T-019-93 

Sr. 

No 

Wt. of 

Mould,                    

gm 

Wt. of 

Mould + 

Sample, gm 

Wt. of 

Sample, gm 

Volume of 

Mould, Cm
3
 

Unit 

Weight, 

Kg/m3 

Average 

1 6500 26,700 20200 14158 1426.71 1428 

2 26,750 20250 1430.24 

3 26,700 20200 1426.71 

Unit Weight of Coarse Aggregate 

II. Coarse Aggregate (COMPACTED) 

TEST METHOD                 AASHTO T-019-93 

Sr. 

No 

Wt. of 

Mould,                    

gm 

Wt. of 

Mould + 

Sample, gm 

Wt. of 

Sample, gm 

Volume of 

Mould, Cm
3
 

Unit 

Weight, 

Kg/m3 

Average 

1 6500 28550 22050 
14158 

1557.38 1555 

2 28500 22000 1553.85 

3 28500 22000 1553.85 
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Specific Gravity and Water Absorption of Coarse Aggregate 

TEST METHOD:AASHTO T 84-91, T85 or ASTM C117-90 

No.   Test 

1 Weight of Saturated surface dry test sample in air   (gm) B 3589.9 
2 Weight of Saturated surface dry test sample in Water 

(gm) 
C 2223.6 

3 Volume of Sample      
4 Weight of oven dry sample in air  (gm) A 3507.7 
5 Specific Gravity SSD                          B / (B-C)  2.63 
6 Specific Gravity SSD   Average     2.63 
7 Water Absorption of test                  ((B-A)/A) x 100  2.34 

8 Average Water Absorption of test             2.34 

9 Bulk Specific Gravity (dry basis)  
= (Sp. Gr.(SSD)/(100+ % Abs))*100 

 2.57 

10 Apparent  Specific Gravity =             A / (A-C)  2.73 

11 Average Apparent  Specific Gravity   2.73 

 NMC Determination 

12 Weight of test sample Before Oven Dry (gm)  500 

13 Weight of test sample After Oven Dry (gm)  493 

14 Natural Moisture Content, %               ( (12-13)/13)*100  1.42 

15 Average Natural Moisture Content, %  1.42 
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Appendix B: Mix Design (ACI method) 

Table B. 1. C-25 Trial Mix 

 

Input Data 

Class of Concrete: C-25 

Cement Type: OPC Derba 

Cement Specific Gravity 3.15 

Required Cylindrical Compressive 

Strength 

25 Mpa 

Target Average Compressive Strength 32Mpa 

Required Slump 25 -75mm 

Clay Content of F/A  2.4% 

Organic Impurities of F/ASTM Fig. 

No. 

No.2 

Required Tests 

 Fine Aggregate Specific Gravity (Gs) 2.05 

Water Absorption (WA)  2.63% 

Natural Moisture Content 

(NMC) 

1.57% 

Fineness Modulus (FM) 2.83 

Coarse Aggregate Specific Gravity (Gs) 2.57 

Water Absorption (WA)  2.34% 

Natural Moisture Content 

(NMC) 

1.42% 

Nominal Max. Size  25mm 

Dry Rodded Unit Weight 1555 kg/m3 

ACI Mix Design Process 

Step 1: Slump Required to be 25-75 mm 

Step 2: The  aggregate  to be used has  a nominal maximum  size  of 25 mm 

Step 3: The concrete will be non-air entrained since the structure is not 

exposed to severe weathering. The  estimated mixing water  based on  a  

slump  and Aggregate size is found to be:  [From  Table A 1.5.3.3, ACI] 

179 kg/mm3 

Step 4:The water-cement  ratio  for non-air entrained concrete with a 

given in the above strength is found : [From  Table A 1.5.3.4(a), ACI] 
0.499 m3 

Step-5:  From  the  information  developed  in  Steps  3  and  4,  the 

required cement content is found to be:  
358.72 kg/m3 

Step 6: The quantity of coarse aggregate is estimated from ACI Table. 

For  a  fine  aggregate  having  a  Fineness modulus and Nominal 

maximum size of coarse aggregate, the table indicates that:  [From  

Table A 1.5.3.6, ACI] 

0.673 m3 

The Quantity of Coarse Aggregate 1,047.00 kg 

First Estimate of Mass of Fresh Concrete, by using Non air-entrained 

Concrete [From  Table A 1.5.3.7.1, ACI] 
2,380.00kg/m3 

Approximate amount of entrapped air in non-air entrained concrete, % 

[From  Table A 1.5.3.3, ACI] 
1.5% 

Step 7: The Required Fine Aggregate may be determined on the basis of either Mass Basis or 

Absolute Volume Basis 
Mass Basis 

 

Volume Basis 

Water (Net 

Mixing) 

179.0 Kg Volume of Water 179/1000= 0.1790m3 

Cement 358.7Kg Volume of Cement 358.72/(3.15*1000)=0.1139m3 

Coarse aggregate 1046.50Kg Volume of C/A 1046.5/(2.57*1000)=0.4076m3 

Total 1584.20Kg Volume of Air (1.5/100)*1=0.015m3 
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The Mass of Fine 

Aggregate to be: 

2380–1584.2 = 

795.8Kg 

Total Volume of 

Ingredients Except 

F/A 

0.7155m3 

  Volume of Fine 

Aggregate 

Required  

1-0.7155=0.2845m3 

  Required Weight 

of dry F/A 

0.2845*2.05*1000=583.3Kg 

Step 8: The Adjusted Aggregate Masses become 

Coarse aggregate (wet): Mass of CA*(1+(NMC of CA/100)) = 1046.5*(1+(1.42/100)) = 

1061.4Kg Fine aggregate (wet): Mass of FA*(1+(NMC of FA/100)) = 795.8*(1+(1.573/100)) = 

808.3Kg Absorbed water  does  not  become  part  of  the mixing water  and must  be  excluded  from  

the  adjustment  in  added  water. 
Absorption, C/A, % 2.3434 

Absorption, F/A, % 2.6273 

Absorption – NMC of C/A,% 2.3434 – 1.42 = 0.9235 

Absorption – NMC of F/A,% 2.6273 – 1.573 = 1.0542 

Correction due to Abs. minus NMC 

C/A 1046.5*(0.9235/100)=9.6651 

F/A 795.8*(1.0542/100)=8.38901 

Correction in water 9.6651/8.38901 = 1.27609 

Based on absolute Volume of Ingredients 

Water (Net Mixing) 179+1.27609 = 180.3Lit/m3 

Cement 358.7Kg/m3 

Sand or F/A 808.3Kg/m3 

Coarse Aggregate, C/A 1061.4Kg/m3 

Step 9. Adjusted for Lab. Batch (8pcs) Volume of Cube Size 8*(15cm*15cm*15cm) 

= 0.027m3 
Slump 25-75mm 

Water 183.3*0.027 = 4.87 Lit  

Cement 358.7*0.027 = 9.69 Kg 

Sand or F/A 808.3 * 0.027 = 21.82 Kg 

Coarse aggregate, C/A 1061.4*0.027 = 28.66 Kg 

Additive 0ml 

Slump achieved during test 50mm 

Unit Weight of Fresh Concrete 

Weight of Fresh Concrete + Mould 26.35Kg 

Weight of Mould 19.00Kg 

Weight of Fresh Concrete 26.35 – 19.00 = 7.35Kg 

Volume of Cube Size (15cm*15cm*15cm) 0.00338m3 

Unit Weight of Fresh Concrete 7.35/0.00338 = 2178Kg/m3 
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Appendix C: Compressive Strength and Unit Weight Test Results 

Table C. 1. 7 Day Compressive Strength Test Results 

Compressive Strength Test (Control Mix , N) 

 

 

 
No

. 

Age 

in 

Days 

Weig

ht, 

Kg 

Dimension - m Volum

e,              

m3 

Area of 

Cube,cm
2 

Unit 

weight, 

kg/m3 

Load 

(KN) 

Compre

ssive 

Strength

, 
Mpa 

L W H 

1 7 8.00 0.15 0.15 0.15 0.0034 225  2,370.37  616.12 27.38 

2 7 8.30 0.15 0.15 0.15 0.0034 225  2,459.26  517.81 23.01 

3 7 8.50 0.15 0.15 0.15 0.0034 225  2,518.52  500.36 22.24 

AVERAGE 2,449.38 544.76 24.21 

  Compressive Strength Test (Mix , A) 

 

No
. 

Age 
in 

Days 

Weig
ht, 

Kg 

Dimension - m 
Volum

e,              

m3 

Area of 
Cube,cm

2 

Unit 
weight, 

kg/m3 

Load 
(KN) 

Compres

sive 
Strength, 

Mpa 
L W H 

1 7 7.84 0.15 0.15 0.15 0.0034 225  2,322.96 514.30 22.86 

2 7 7.90 0.15 0.15 0.15 0.0034 225  2,340.74 530.60 23.58 

3 7 7.90 0.15 0.15 0.15 0.0034 225  2,340.74 521.20 23.16 

AVERAGE 2,334.81  522.03 23.20 

  Compressive Strength Test (Mix , B) 

 

No

. 

Age 

in 

Days 

Weig

ht, 

Kg 

Dimension - m 
Volum

e,              

m3 

Area of 

Cube,cm
2 

Unit 

weight, 

kg/m3 

Load 

(KN) 

Compres

sive 

Strength, 

Mpa 
L W H 

1 7 7.85 0.15 0.15 0.15 0.0034 225  2,325.93 493.40 21.93 

2 7 7.74 0.15 0.15 0.15 0.0034 225  2,291.85 503.00 22.36 

3 7 7.95 0.15 0.15 0.15 0.0034 225  2,355.56 467.90 20.80 

AVERAGE 2,324.44  488.10 21.69 

  Compressive Strength Test (Mix , C) 

 

No

. 

Age 

in 

Days 

 

Weig

ht, 

Kg 

Dimension - m 
Volum

e,              

m3 

Area of 

Cube,cm
2 

Unit 

weight, 

kg/m3 

Load 

(KN) 

Compres

sive 

Strength, 

Mpa 
L W H 

1 7 7.85 0.15 0.15 0.15 0.0034 225  2,325.93 516.1 22.94 

2 7 7.83 0.15 0.15 0.15 0.0034 225  2,320.00 417.8 18.57 

3 7 7.67 0.15 0.15 0.15 0.0034 225  2,272.59 400.0 17.78 

AVERAGE 2,306.17  444.63 19.76 

  Compressive Strength Test (Mix , D) 

No
. 

Age 
in 

Days 

 

Weig
ht, 

Kg 

Dimension - m 
Volum

e,              

m3 

Area of 
Cube,cm

2 

Unit 
weight, 

kg/m3 

Load 
(KN) 

Compres

sive 
Strength, 

Mpa 
L W H 

1 7  7.59   

7.59  

0.15 0.15 0.15 0.0034 225  2,248.89 420.00 18.67 

2 7 7.65    

7.65  

0.15 0.15 0.15 0.0034 225  2,266.67 440.00 19.56 

3 7 7.69    

7.697

.69  

0.15 0.15 0.15 0.0034 225  2,278.52 410.00 18.22 

AVERAGE 2,264.69 423.33  18.81 
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Compressive Strength Test (Mix, E) 

No

. 

Age 

in 

Days 

 
Weig

ht, 

Kg 

Dimension - m 
Volum

e,              

m3 

Area of 

Cube,cm
2 

Unit 

weight, 

kg/m3 

Load 

(KN) 

Compres
sive 

Strength, 

Mpa 
L W H 

1 7 7.60 0.15 0.15 0.15 0.0034 225  2,251.85    430.40  19.13 

2 7 7.40 0.15 0.15 0.15 0.0034 225  2,192.59    376.60  16.74 

3 7 7.54 0.15 0.15 0.15 0.0034 225  2,234.07    376.80  16.75 

AVERAGE 2,226.17 394.60  17.54 

  Compressive Strength Test (Mix, F) 

No

. 

Age 

in 

Days 

 

Weig

ht, 
Kg 

Dimension - m 
Volum

e,              

m3 

Area of 

Cube,cm
2 

Unit 

weight, 

kg/m3 

Load 

(KN) 

Compres

sive 

Strength, 
Mpa 

L W H 

1 7 7.30 0.15 0.15 0.15 0.0034 225 2,162.96 380.00 16.89 

2 7 7.20 0.15 0.15 0.15 0.0034 225 2,133.33 350.00 15.56 

3 7 7.30 0.15 0.15 0.15 0.0034 225 2,162.96 340.00 15.11 

AVERAGE 2,153.09  356.67 15.85 

   

Table C. 2. 28 Day Compressive Strength Test Results 

Compressive Strength Test (Control Mix , N) 

No
. 

Age 

in 
Days 

 

Weig
ht, 

Kg 

Dimension - m 
Volum

e,              
m3 

Area of 

Cube,cm
2 

Unit 

weight, 
kg/m3 

Load 
(KN) 

Compres

sive 
Strength, 

Mpa 
L W H 

1 28  8.15     

8.15  

0.15 0.15 0.15 0.0034 225  2,414.81    640.00  28.44 

2 28  8.40     

8.40  

0.15 0.15 0.15 0.0034 225  2,488.89    680.00  30.22 

3 28   8.30    

8.30  

0.15 0.15 0.15 0.0034 225  2,459.26    645.00  28.67 

AVERAGE 2,454.32  655.00 29.11 

  Compressive Strength Test (Mix , A) 

No

. 

Age 

in 

Days 

 

Weig

ht, 

Kg 

Dimension - m 
Volum

e,              

m3 

Area of 

Cube,cm
2 

Unit 

weight, 

kg/m3 

Load 

(KN) 

Compres

sive 

Strength, 

Mpa 
L W H 

1 28 7.90 

8.00 

 

0.15 0.15 0.15 0.0034 225  2,340.74    624.60  27.76 

2 28 8.00 0.15 0.15 0.15 0.0034 225  2,370.37    655.74  29.14 

3 28 8.00 0.15 0.15 0.15 0.0034 225  2,370.37    635.15  28.23 

AVERAGE 2,360.49 638.50 28.38 

  Compressive Strength Test (Mix , B) 

No

. 

Age 

in 

Days 

 

Weig

ht, 

Kg 

Dimension - m 
Volum

e,              

m3 

Area of 

Cube,cm
2 

Unit 

weight, 

kg/m3 

Load 

(KN) 

Compres

sive 

Strength, 

Mpa 
L W H 

1 28 8.15 0.15 0.15 0.15 0.0034 225  2,414.81    610.40  27.13 

2 28 7.90 0.15 0.15 0.15 0.0034 225  2,340.74    615.80  27.37 

3 28 7.80 0.15 0.15 0.15 0.0034 225  2,311.11    605.20  26.90 

AVERAGE 2,355.56 610.47 27.13 
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Compressive Strength Test (Mix , C) 

No

. 

Age 

in 

Days 

 

Weig

ht, 

Kg 

Dimension - m 
Volum

e,              

m3 

Area of 

Cube,cm
2 

Unit 

weight, 

kg/m3 

Load 

(KN) 

Compres

sive 

Strength, 

Mpa 
L W H 

1 28 8.00 0.15 0.15 0.15 0.0034 225  2,370.37    599.80  26.66 

2 28 7.90 0.15 0.15 0.15 0.0034 225  2,340.74    590.40  26.24 

3 28 7.90 0.15 0.15 0.15 0.0034 225  2,340.74    605.10  26.89 

AVERAGE 2,350.62 598.43 26.60 

  Compressive Strength Test (Mix , D) 

No
. 

Age 
in 

Days 

 

Weig
ht, 

Kg 

Dimension - m 
Volum

e,              

m3 

Area of 
Cube,cm

2 

Unit 
weight, 

kg/m3 

Load 
(KN) 

Compres

sive 
Strength, 

Mpa 
L W H 

1 28 7.70 0.15 0.15 0.15 0.0034 225  2,281.48    590.54  26.25 

2 28 7.80 0.15 0.15 0.15 0.0034 225  2,311.11    570.24  25.34 

3 28 7.80 0.15 0.15 0.15 0.0034 225  2,311.11    598.11  26.58 

AVERAGE 2,301.23 586.30 26.06 

  Compressive Strength Test (Mix, E) 

No

. 

Age 

in 

Days 

 

Weig

ht, 

Kg 

Dimension - m 
Volum

e,              

m3 

Area of 

Cube,cm
2 

Unit 

weight, 

kg/m3 

Load 

(KN) 

Compres

sive 

Strength, 

Mpa 
L W H 

1 28 7.60 0.15 0.15 0.15 0.0034 225  2,251.85    580.61  25.80 

2 28 7.50 0.15 0.15 0.15 0.0034 225  2,222.22    560.12  24.89 

3 28 7.54 0.15 0.15 0.15 0.0034 225  2,234.07    578.43  25.71 

AVERAGE 2,236.05  573.05 25.47 

  Compressive Strength Test (Mix, F) 

No

. 

Age 

in 

Days 

 

Weig

ht, 

Kg 

Dimension - m 
Volum

e,              

m3 

Area of 

Cube,cm
2 

Unit 

weight, 

kg/m3 

Load 

(KN) 

Compres

sive 

Strength, 

Mpa 
L W H 

1 28 7.20 0.15 0.15 0.15 0.0034 225  2,133.33    550.61  24.47 

2 28 7.30 0.15 0.15 0.15 0.0034 225  2,162.96    530.12  23.56 

3 28 7.20 0.15 0.15 0.15 0.0034 225  2,133.33    528.43  23.49 

AVERAGE 2,143.21  536.39 23.84 
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Appendix D: Splitting Tensile Strength Test Results 

Table D. 1. 7 Day Tensile strength Test Results 

Splitting Tensile Strength Test (Control Mix, N) 

No

. 

Age 

in 

Days 

 

Weig

ht, 

Kg 

Dimension - m Volum

e,              

m3 

Area of 

Cube,C

m2 

Unit 

weight, 

kg/m3 

Load 

(KN) 

Splitting 

Tensile 

Strength, 

Ft=2P/π
DL 

N/mm2 

R L - 

1 7 12.00 0.15 0.30 - 0.0053 0.0177  2,263.54    187.70  2.66 

2 7 12.00 0.15 0.30 - 0.0053 0.0177  2,263.54    206.15  2.92 

3 7 12.20 0.15 0.30 - 0.0053 0.0177  2,301.26    190.95  2.70 

AVERAGE 2,276.11 194.93  2.76 

Splitting Tensile Strength Test (Mix, A) 

No

. 

Age 

in 

Days 

 

Weig

ht, 

Kg 

Dimension - m Volum

e,              

m3 

Area of 

Cube,C

m2 

Unit 

weight, 

kg/m3 

Load 

(KN) 

Splitting 

Tensile 

Strength, 

Ft=2P/π

DL 

N/mm2 

R L - 

1 7 12.02 0.15 0.30 - 0.0053 0.0177  2,267.31    188.25  2.66 

2 7 12.06 0.15 0.30 - 0.0053 0.0177  2,274.85    193.25  2.73 

3 7 12.01 0.15 0.30 - 0.0053 0.0177  2,264.48    189.55  2.68 

AVERAGE 2,268.88  190.35 2.69 

Splitting Tensile Strength Test (Mix, B) 

No

. 

Age 

in 

Days 

 

Weig

ht, Kg 

Dimension - m Volum

e,              

m3 

Area of 

Cube,C

m2 

Unit 

weight, 

kg/m3 

Load 

(KN) 

Splitting 

Tensile 

Strength, 

Ft=2P/π

DL 

N/mm2 

R L - 

1 7 11.85

5 

0.15 0.30 - 0.0053 0.0177  2,235.24    186.40  2.64 

2 7 12.15 0.15 0.30 - 0.0053 0.0177  2,291.83    188.15  2.66 

3 7 12.99 0.15 0.30 - 0.0053 0.0177  2,261.65    178.55  2.53 

AVERAGE 2,262.91 184.37  2.61 

Splitting Tensile Strength Test (Mix, C) 

No

. 

Age 

in 

Days 

 

Weig

ht, Kg 

Dimension - m Volum

e,              

m3 

Area of 

Cube,C

m2 

Unit 

weight, 

kg/m3 

Load 

(KN) 

Splitting 
Tensile 

Strength, 

Ft=2P/π

DL 

N/mm2 

R L - 

1 7 11.50 0.15 0.30 - 0.0053 0.0177  2,169.22    190.58  2.70 

2 7 11.72 0.15 0.30 - 0.0053 0.0177  2,210.72    169.55  2.40 

3 7 11.64 0.15 0.30 - 0.0053 0.0177  2,195.63    167.90  2.38 

AVERAGE 2,191.86 176.01  2.49 

Splitting Tensile Strength Test (Mix, D) 

No

. 

Age 

in 

Days 

 

Weig

ht, 

Kg 

Dimension - m Volum

e,              

m3 

Area of 

Cube,C

m2 

Unit 

weight, 

kg/m3 

Load 

(KN) 

Splitting 

Tensile 

Strength, 

Ft=2P/π

DL 

N/mm2 

R L - 

1 7 11.10 0.15 0.30 - 0.0053 0.0177  2,093.77    170.05  2.41 

2 7 11.30 0.15 0.30 - 0.0053 0.0177  2,131.50    174.05  2.46 

3 7 11.43 0.15 0.30 - 0.0053 0.0177  2,156.02    167.95  2.38 

AVERAGE 2,127.10 170.68  2.41 
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Splitting Tensile Strength Test (Mix, E) 

No

. 

Age 

in 
Days 

 

Weig

ht, 
Kg 

Dimension - m Volum

e,              
m3 

Area of 

Cube,C
m2 

Unit 

weight, 
kg/m3 

Load 

(KN) 

Splitting 

Tensile 

Strength, 

Ft=2P/π

DL 

N/mm2 

R L - 

1 7 11.00 0.15 0.30 - 0.0053 0.0177  2,074.91    173.15  2.45 

2 7 11.11 0.15 0.30 - 0.0053 0.0177  2,095.66    161.95  2.29 

3 7 11.10 0.15 0.30 - 0.0053 0.0177  2,093.77    162.00  2.29 

AVERAGE 2,088.11 165.70  2.34 

Splitting Tensile Strength Test (Mix, F) 

No

. 

Age 

in 

Days 

 

Weig

ht, 

Kg 

Dimension - m Volum

e,              

m3 

Area of 

Cube,C

m2 

Unit 

weight, 

kg/m3 

Load 

(KN) 

Splitting 

Tensile 

Strength, 
Ft=2P/π

DL 

N/mm2 

R L - 

1 7 10.80 0.15 0.30 - 0.0053 0.0177  2,037.18    161.65  2.29 

2 7 10.85 0.15 0.30 - 0.0053 0.0177  2,046.61    155.12  2.19 

3 7 10.75 0.15 0.30 - 0.0053 0.0177  2,027.75    154.85  2.19 

AVERAGE 2,037.18 157.21  2.22 

 

Table D. 2. 28 Day Tensile Strength Test Results 

Splitting Tensile Strength Test (Control Mix, N) 

No

. 

Age 

in 
Days 

 

Weig

ht, 
Kg 

Dimension - m Volum

e,              
m3 

Area of 

Cube,C
m2 

Unit 

weight, 
kg/m3 

Load 

(KN) 

Splitting 

Tensile 

Strength, 

Ft=2P/π

DL 

N/mm2 

R L - 

1 28 12.20 0.15 0.30 - 0.0053 0.0177  2,301.26    212.95  3.01 

2 28 12.10 0.15 0.30 - 0.0053 0.0177  2,282.40    212.15  3.00 

3 28 12.00 0.15 0.30 - 0.0053 0.0177  2,263.54    216.65  3.06 

AVERAGE 2,282.40 213.92 3.03 

Splitting Tensile Strength Test (Mix, A) 

No

. 

Age 

in 

Days 

 

Weig

ht, 

Kg 

Dimension - m Volum

e,              

m3 

Area of 

Cube,C

m2 

Unit 

weight, 

kg/m3 

Load 

(KN) 

Splitting 

Tensile 

Strength, 
Ft=2P/π

DL 

N/mm2 

R L - 

1 28 12.02 0.15 0.30 - 0.0053 0.0177  2,267.31    209.55  2.96 

2 28 12.01 0.15 0.30 - 0.0053 0.0177  2,265.42    212.75  3.01 

3 28 12.01 0.15 0.30 - 0.0053 0.0177  2,264.48    211.35  2.99 

AVERAGE 2,265.74 211.22 2.99 
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Splitting Tensile Strength Test (Mix, B) 

No

. 

Age 

in 
Days 

 

Weig

ht, 
Kg 

Dimension - m Volum

e,              
m3 

Area of 

Cube,C
m2 

Unit 

weight, 
kg/m3 

Load 

(KN) 

Splitting 

Tensile 

Strength, 

Ft=2P/π

DL 

N/mm2 

R L - 

1 28 11.85  

11.85  

0.15 0.30 - 0.0053 0.0177  2,235.24    205.15  2.90 

2 28 12.15  

12.15  

0.15 0.30 - 0.0053 0.0177  2,291.83    208.10  2.94 

3 28 11.99  

11.99  

0.15 0.30 - 0.0053 0.0177  2,261.65    206.35  2.92 

AVERAGE 2,262.91 206.53 2.92 

Splitting Tensile Strength Test (Mix, C) 

No

. 

Age 

in 

Days 

 

Weig

ht, 

Kg 

Dimension - m Volum

e,              

m3 

Area of 

Cube,C

m2 

Unit 

weight, 

kg/m3 

Load 

(KN) 

Splitting 

Tensile 

Strength, 
Ft=2P/π

DL 

N/mm2 

R L - 

1 28 11.50 0.15 0.30 - 0.0053 0.0177  2,169.22    205.35  2.91 

2 28 11.72 0.15 0.30 - 0.0053 0.0177  2,210.72    201.75  2.85 

3 28 11.64 0.15 0.30 - 0.0053 0.0177  2,195.63    205.30  2.90 

AVERAGE 2,191.86 204.13 2.89 

Splitting Tensile Strength Test (Mix, D) 

No

. 

Age 

in 

Days 

 

Weig

ht, 

Kg 

Dimension - m Volum

e,              

m3 

Area of 

Cube,C

m2 

Unit 

weight, 

kg/m3 

Load 

(KN) 

Splitting 

Tensile 

Strength, 

Ft=2P/π

DL 

N/mm2 

R L - 

1 28 11.10 0.15 0.30 - 0.0053 0.0177  2,093.77    200.75  2.84 

2 28 11.30 0.15 0.30 - 0.0053 0.0177  2,131.50    199.25  2.82 

3 28 11.43 0.15 0.30 - 0.0053 0.0177  2,156.02    203.10  2.87 

AVERAGE 2,127.10 201.03 2.84 

Splitting Tensile Strength Test (Mix, E) 

No

. 

Age 

in 
Days 

 

Weig

ht, 
Kg 

Dimension - m Volum

e,              
m3 

Area of 

Cube,C
m2 

Unit 

weight, 
kg/m3 

Load 

(KN) 

Splitting 

Tensile 

Strength, 

Ft=2P/π

DL 

N/mm2 

R L - 

1 28 10.95 0.15 0.30 - 0.0053 0.0177  2,065.48    200.05  2.83 

2 28 10.85 0.15 0.30 - 0.0053 0.0177  2,046.61    196.50  2.78 

3 28 10.80 0.15 0.30 - 0.0053 0.0177  2,037.18    199.50  2.82 

AVERAGE 2,049.76 198.68 2.81 

Splitting Tensile Strength Test (Mix, F) 

No

. 

Age 

in 

Days 

 

Weig

ht, 

Kg 

Dimension - m Volum

e,              

m3 

Area of 

Cube,C

m2 

Unit 

weight, 

kg/m3 

Load 

(KN) 

Splitting 

Tensile 

Strength, 
Ft=2P/π

DL 

N/mm2 

R L - 

1 28 10.80 0.15 0.30 - 0.0053 0.0177  2,037.18    193.85  2.74 

2 28 10.75 0.15 0.30 - 0.0053 0.0177  2,027.75    191.15  2.70 

3 28 10.40 0.15 0.30 - 0.0053 0.0177  1,961.73    190.85  2.70 

AVERAGE 2,008.89 191.95  2.72 
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Appendix E: Flexural Strength Test Results 

Table E. 1. 7 Day Flexural Strength Test Results 

Flexural Strength Test (Control Mix, N) 

No

. 

Age 

in 

Days 

 

Weig

ht, 

Kg 

Dimension - m Volum

e,              

m3 

Area of 

Cube,C

m2 

Unit 

weight, 

kg/m3 

Load, F 

(KN) 

Flexural 

Strength, 

σ=FL/W

D2 

N/mm2 
L W D 

1 7 12.0 0.10 0.10 0.50 0.0050 500  2,400.00      19.62  9.81 

2 7 12.0 0.10 0.10 0.50 0.0050 500  2,400.00      17.99  9.00 

3 7 12.0 0.10 0.10 0.50 0.0050 500  2,400.00      17.68  8.84 

AVERAGE 2,400.00      18.43  9.22 

Flexural Strength Test (Mix, A) 

No

. 

Age 

in 

Days 

 

Weig

ht, 

Kg 

Dimension - m Volum

e,              

m3 

Area of 

Cube,C

m2 

Unit 

weight, 

kg/m3 

Load, F 

(KN) 

Flexural 

Strength, 

σ=FL/W

D2 

N/mm2 L W D 

1 7 11.89 0.10 0.10 0.50 0.0050 500  2,378.00      16.50  8.25 

2 7 11.90 0.10 0.10 0.50 0.0050 500  2,380.00      19.25  9.63 

3 7 11.90 0.10 0.10 0.50 0.0050 500  2,380.00      17.05  8.53 

AVERAGE 2,379.33     17.60 8.80 

Flexural Strength Test (Mix, B) 

No

. 

Age 

in 

Days 

 

Weig

ht, 

Kg 

Dimension - m Volum

e,              

m3 

Area of 

Cube,C

m2 

Unit 

weight, 

kg/m3 

Load, F 

(KN) 

Flexural 

Strength, 

σ=FL/W

D2 

N/mm2 
L W D 

1 7 11.78 0.10 0.10 0.50 0.0050 500  2,356.00      17.55  8.78 

2 7 11.80 0.10 0.10 0.50 0.0050 500  2,360.00      17.75  8.88 

3 7 11.69 0.10 0.10 0.50 0.0050 500  2,338.00      16.15  8.08 

AVERAGE 2,351.33     17.15 8.58 

Flexural Strength Test (Mix, C) 

No

. 

Age 

in 

Days 

 

Weig

ht, 
Kg 

Dimension - m Volum

e,              

m3 

Area of 

Cube,C

m2 

Unit 

weight, 

kg/m3 

Load, F 

(KN) 

Flexural 

Strength, 

σ=FL/W

D2 

N/mm2 L W D 

1 7 11.60 0.10 0.10 0.50 0.0050 500  2,320.00      16.95  8.48 

2 7 11.60 0.10 0.10 0.50 0.0050 500  2,320.00      17.15  8.58 

3 7 11.60 0.10 0.10 0.50 0.0050 500  2,320.00      14.85  7.43 

AVERAGE 2,320.00    16.32 8.16 
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Flexural Strength Test (Mix, D) 

No

. 

Age 

in 

Days 

 

Weig

ht, 

Kg 

Dimension - m Volum

e,              

m3 

Area of 

Cube,C

m2 

Unit 

weight, 

kg/m3 

Load, F 

(KN) 

Flexural 
Strength, 

σ=FL/W

D2 

N/mm2 L W D 

1 7 11.45 0.10 0.10 0.50 0.0050 500  2,290.00      15.20  7.60 

2 7 11.45 0.10 0.10 0.50 0.0050 500  2,290.00      14.58  7.29 

3 7 11.47 0.10 0.10 0.50 0.0050 500  2,294.00      17.01  8.51 

AVERAGE 2,291.33    15.60 7.80 

Flexural Strength Test (Mix, E) 

No

. 

Age 

in 

Days 

 

Weig

ht, 

Kg 

Dimension - m Volum

e,              

m3 

Area of 

Cube,C

m2 

Unit 

weight, 

kg/m3 

Load, F 

(KN) 

Flexural 

Strength, 

σ=FL/W

D2 

N/mm2 
L W D 

1 7 11.40 0.10 0.10 0.50 0.0050 500  2,280.00      16.45  8.23 

2 7 11.48 0.10 0.10 0.50 0.0050 500  2,296.00      13.35  6.68 

3 7 11.35 0.10 0.10 0.50 0.0050 500  2,270.00      15.25  7.63 

AVERAGE 2,282.00    15.02 7.51 

Flexural Strength Test (Mix, F) 

No

. 

Age 

in 

Days 

 

Weig

ht, 

Kg 

Dimension - m Volum

e,              

m3 

Area of 

Cube,C

m2 

Unit 

weight, 

kg/m3 

Load, F 

(KN) 

Flexural 

Strength, 

σ=FL/W

D2 

N/mm2 L W D 

1 7 10.55 0.10 0.10 0.50 0.0050 500  2,110.00      13.45  6.73 

2 7 10.05 0.10 0.10 0.50 0.0050 500  2,010.00      12.80  6.40 

3 7 10.00 0.10 0.10 0.50 0.0050 500  2,000.00      13.60  6.80 

AVERAGE 2,040.00     13.28 6.64 

 

Table E. 2. 28 Day Flexural Strength Test Results 

Flexural Strength Test (Control Mix, N) 

No

. 

Age 

in 

Days 

 

Weig

ht, 

Kg 

Dimension - m Volum

e,              

m3 

Area of 

Cube,C

m2 

Unit 

weight, 

kg/m3 

Load, F 

(KN) 

Flexural 

Strength, 

σ=FL/W

D2 

N/mm2 L W D 

1 28 12.00 0.10 0.10 0.50 0.0050 500  2,400.00      20.00  10.00 

2 28 12.10 0.10 0.10 0.50 0.0050 500  2,400.00      20.65  10.33 

3 28 12.20 0.10 0.10 0.50 0.0050 500  2,400.00      20.10  10.05 

AVERAGE 2,400.00     20.25 10.13 
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Flexural Strength Test (Mix, A) 

No

. 

Age 

in 

Days 

 
Weig

ht, 

Kg 

Dimension - m Volum

e,              

m3 

Area of 

Cube,C

m2 

Unit 

weight, 

kg/m3 

Load, F 

(KN) 

Flexural 

Strength, 

σ=FL/W

D2 

N/mm2 
L W D 

1 28 11.89 0.10 0.10 0.50 0.0050 500  2,378.00      18.75  9.38 

2 28 11.90 0.10 0.10 0.50 0.0050 500  2,380.00     21.25  10.63 

3 28 11.90 0.10 0.10 0.50 0.0050 500  2,380.00     18.95  9.48 

AVERAGE 2,379.33    19.65 9.83 

Flexural Strength Test (Mix, B) 

No

. 

Age 

in 

Days 

 

Weig

ht, 

Kg 

Dimension - m Volum

e,              

m3 

Area of 

Cube,C

m2 

Unit 

weight, 

kg/m3 

Load, F 

(KN) 

Flexural 

Strength, 

σ=FL/W

D2 

N/mm2 L W D 

1 28 11.78 0.10 0.10 0.50 0.0050 500  2,356.00      18.55  9.28 

2 28 11.80 0.10 0.10 0.50 0.0050 500  2,360.00      20.65  10.33 

3 28 11.69 0.10 0.10 0.50 0.0050 500  2,338.00      19.45  9.73 

AVERAGE 2,351.33     19.55 9.78 

Flexural Strength Test (Mix, C) 

No

. 

Age 

in 

Days 

 

Weig

ht, 

Kg 

Dimension - m Volum

e,              

m3 

Area of 

Cube,C

m2 

Unit 

weight, 

kg/m3 

Load, F 

(KN) 

Flexural 

Strength, 

σ=FL/W

D2 

N/mm2 L W D 

1 28 11.60 0.10 0.10 0.50 0.0050 500  2,320.00      18.35  9.18 

2 28 11.60 0.10 0.10 0.50 0.0050 500  2,320.00      18.25  9.13 

3 28 11.60 0.10 0.10 0.50 0.0050 500  2,320.00      20.45  10.23 

AVERAGE 2,320.00    19.02 9.51 

Flexural Strength Test (Mix, D) 

No

. 

Age 

in 
Days 

 

Weig

ht, 
Kg 

Dimension - m Volum

e,              
m3 

Area of 

Cube,C
m2 

Unit 

weight, 
kg/m3 

Load, F 

(KN) 

Flexural 

Strength, 

σ=FL/W

D2 

N/mm2 L W D 

1 28 11.45 0.10 0.10 0.50 0.0050 500  2,290.00      18.25  9.13 

2 28 11.45 0.10 0.10 0.50 0.0050 500  2,290.00      17.85  8.93 

3 28 11.47 0.10 0.10 0.50 0.0050 500  2,294.00      19.35  9.68 

AVERAGE 2,291.33    18.48 9.24 
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Flexural Strength Test (Mix, E) 

No

. 

Age 

in 

Days 

 
Weig

ht, 

Kg 

Dimension - m Volum

e,              

m3 

Area of 

Cube,C

m2 

Unit 

weight, 

kg/m3 

Load, F 

(KN) 

Flexural 

Strength, 

σ=FL/W

D2 

N/mm2 
L W D 

1 28 11.00 0.10 0.10 0.50 0.0050 500  2,200.00      18.05  9.03 

2 28 10.65 0.10 0.10 0.50 0.0050 500  2,130.00      18.75  9.38 

3 28 10.90 0.10 0.10 0.50 0.0050 500  2,180.00      17.05  8.53 

AVERAGE  2,170.00    17.95 8.98 

Flexural Strength Test (Mix, F) 

No

. 

Age 

in 

Days 

 

Weig

ht, 

Kg 

Dimension - m Volum

e,              

m3 

Area of 

Cube,C

m2 

Unit 

weight, 

kg/m3 

Load, F 

(KN) 

Flexural 

Strength, 

σ=FL/W

D2 

N/mm2 L W D 

1 28 10.56 0.10 0.10 0.50 0.0050 500  2,112.00      17.55  8.78 

2 28 10.10 0.10 0.10 0.50 0.0050 500  2,020.00      16.25  8.13 

3 28 10.25 0.10 0.10 0.50 0.0050 500  2,050.00      17.17  8.59 

AVERAGE  2,060.67     16.99 8.50 
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Appendix F: Photos 

 

            

 

Figure F. 1. Crushed Plastic aggregate Waste granules 

 

            

 

Figure F. 2. Demolished aggregate Waste 

 

            

 

Figure F. 3. A view of set of sieves for fine aggregate 
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Figure F. 4. Concrete Mix which is ready for casting 

 

            

 

Figure F. 5. Slump Test 

 

            

 

Figure F. 6. Fresh concrete in the mould 
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Figure F. 7. Casting specimens in mould 

       

   

 

Figure F. 8. Specimens 

 

            

 

Figure F. 9. Specimens in curing tank 
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Figure F. 10. Compressive Strength test 

 

            

 

Figure F. 11. Splitting Tensile strength test 

 

            

 

Figure F. 12. Flexural Strength test 
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Figure F. 13. Crack pattern of beam and cylinder specimen 

 

 

              

 

Figure F. 14. After testing of specimens 
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