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ABSTRACT 

Concrete demand is increasing with time. So do demand of its constituent materials like 

sand and cement is rising. Thus, there is always a need to look for alternative materials 

to replace depletion of virgin input construction materials. This research work studies 

use of municipal solid waste incinerator (MSWI) bottom ash with stone dust as partial 

replacement of fine aggregate in concrete production. The solid waste incinerator 

(MSWI) bottom ash comes from Addis Ababa Repi Waste to Energy Power Plant.  This 

plant is a leading national project commenced to prompt energy generation by recycling 

city wastes. 

Experimental program was designed for C25 concrete with various proportions of 

municipal solid waste incinerator (MSWI) bottom ash with stone dust to sand. Fresh 

and hardened concrete mechanical property tests were executed to investigate 

performance gains of municipal solid waste incinerator (MSWI) bottom ash modified 

concrete. 

The results of the slump test of the mixes have shown that, as the amount of the MSWI 

bottom ash with stone dust in the mixes increased, workability decreased. From the 

recorded results, the hardened concrete strengths at 7 and 28 days of curing was 

improved up to 50% replacement. Whereas, at 40% replacement, peak 20.13%, 19.82% 

and 7.66% gain in compressive, flexural and shear strength was observed respectively. 

In addition, as level of replacement increased unit weight of the hard concrete 

decreased. 

Key words: Bottom ash, sand, partial replacement, concrete, compressive strength, 

flexural strength and shear strength 
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1. INTRODUCTION 

1.1. Background 

Concrete is a mixture of binding material (cement), coarse and fine aggregates and 

water. Due to its reasonable cost and availability of its constituents, it has become 

worldwide and one of the most important materials in the construction industry. 

Construction has a crucial role for economic development of one’s country especially 

in the third world countries because of their high demand for infrastructural 

development. As a developing country, Ethiopian government allocates most of the 

budget for infrastructure construction. This needs high production of concrete. As a 

result, the demand for river sand used as fine aggregate has increased and scarcity will 

occur. Moreover, riverbanks will be eroded, and bridges and nearby structures will be 

at risk due to extreme sand quarrying by dropping the riverbeds.  

Researches should be conducted to overcome such problems. Hence, partial 

replacement of river sand with other locally available materials, which have related 

properties, can bring solution for the problems. So far, some researchers attempt to 

obtain alternative materials that have been used as partial or full replacement of river 

sand in concrete. Suitability of crushed Jema sandstone for concrete production as 

alternative to river sand was investigated and the result confirmed that, concrete with 

100% crushed Jema sandstone was capable of achieving a higher compressive strength 

than that of the river sand [1]. Sand can be replaced by Cordia Africana (Wanza) 

sawdust up to 15% to produce concrete with 20MPa cube compressive strength [2]. 

From the investigation done on the use of manufactured sand for production of normal, 

intermediate and high strength concrete, manufactured sand is more suitable for high 

strength concrete production [3]. In India, researchers studied the use of stone dust as a 

partial replacement of fine aggregate in concrete. The result confirmed that replacement 

of fine aggregate with stone dust does not affect the compressive strength up to the 

replacement level of 40%, regardless of the number of curing days [4]. 

Another potential substitution is municipal solid waste incinerator (MSWI) bottom ash. 

It is a byproduct generated from thermal power plant, which is highly multicomponent 

material consisting of a mix of inert materials such as sand, stone, glass, porcelain, 

metals, and ash from burnt materials [5, 6, 7]. It is coarser and angular material 

composed of silica, alumina and iron with small amounts of calcium, magnesium, and 

sulfate. Its particles size ranges from fine sand to gravel in size [6, 8]. 
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Since there is no leachate of toxic elements in bottom ash, it is acceptable to be used in 

construction [9]. Many researchers conducted possibility of utilization of bottom ash 

for different purposes. Such as for production of building bricks and block, in road 

construction, drainage media, in sound insulating walls, as a light weight synthetic 

aggregate in block and concrete production and in concrete; it is used as replacement 

of fine aggregate [5, 6]. It may also be beneficially used as a supplemental additive 

[10].  

1.2. Statements of the Problem 

Due to increasing urbanization and the rapidly growing of the construction industry in 

Ethiopia, demand and consumption of concrete is increasing day to day. Increase in 

construction activities requires production of more quantity of concrete, which needs 

more fine and coarse aggregates. 

River sand is the most commonly used fine aggregate for concrete production. 

Consequently, scarcity of river sand will occur in the future and its price will rise. This 

affects cost of production of concrete up to some extent; which will lead to escalation 

of total cost of a particular project. 

The other issue is that riverbanks will be eroded and bridges and nearby structures will 

be at risk due to extreme sand quarrying by dropping the riverbed.  

In addition, nowadays, disposal of solid waste becomes a grate problem in Addis 

Ababa. Therefore, recycling the waste and using for construction purpose will brings a 

solution. 

1.3. Objective of the Research 

1.3.1. General Objective 

The general objective of the research is to assess the possibility of using Municipal 

Solid Waste Incinerator bottom ash with stone dust as partial replacement of fine 

aggregate in concrete. 
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1.3.2. Specific Objective 

 To identify the effect of MSWI bottom ash with stone dust on workability of 

the fresh concrete mixes.  

 To study the effect of partial replacement of river sand with MSWI bottom ash 

with stone dust on the compressive strength of concrete.  

 To study the effect of partial replacement of river sand with MSWI bottom ash 

with stone dust on the flexural strength of concrete.  

 To determine optimum blending proportion of the MSWI bottom ash with stone 

dust to sand used as fine aggregate in concrete. 

 To study the effect of partial replacement of river sand with MSWI bottom ash 

with stone dust on the shear strength of concrete.  

1.4. Research Question  

 Will partial replacement of sand by MSWI bottom ash with stone dust affects 

workability of fresh concrete?  

 What will be the effect of MSWI bottom ash with stone dust on compressive 

strength of concrete?  

 What will be the effect of MSWI bottom ash with stone dust on flexural strength 

of concrete?  

 What will be an optimum replacement proportion of sand by MSWI bottom ash 

with stone dust to be used as fine aggregate in concrete?  

 What will be the effect of MSWI bottom ash with stone dust on shear strength 

of concrete? 

1.5. Scope of the Study 

Due to limitations of budget and time, the scope of this research is restricted to 

investigate the possibility of use of MSWI bottom ash with stone dust as partial 

replacement of fine aggregate in concrete with strength class of C-25.  

 



4 

 

1.6. Significance of the Study  

As discussed in section 1.2, river sand is the most common fine aggregate used for 

concrete production. Currently it becomes so expensive, thus finding alternative 

materials, which will be used as fine aggregate, is needed. This study deals with 

possibility of partial replacement of sand by MSWI bottom ash with stone dust.        

Application of MSWI bottom ash in concrete can be significant when it has seen from 

different perspectives. Such as; 

 It assists the construction industry by providing alternative fine aggregate 

material in concrete production.   

 Since MSWI bottom ash is a byproduct, it will cost less for treatment when 

compared with purchasing price of river sand. As a result, it will reduce total 

cost of construction material.  

 By partially replacing the conventional materials with the alternatives, one can 

conserve natural resources. 

 From environmental point of view, it reduces the problem of waste disposal 

seen in Addis Ababa city. 
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2. LITERATURE REVIEW 

2.1. Concrete and Its Properties 

Concrete is a multipurpose and most popular construction material in the world. It is 

produced by mixing fine and coarse aggregates, cement, water and additives in a certain 

proportion [11]. It is a dominant structural material in construction. Plain concrete and 

reinforced concrete are used in buildings of all classes, underground structures, water 

tanks, wind turbine foundations and towers, offshore oil exploration and production 

structures, dams, bridges and even ships. The universal nature of concrete construction 

stems from availability of its constituents, the relatively simple skills required in 

concrete construction, and it is economical when compared with other forms of 

construction [12]. 

Concrete mainly acts as a compressive material. Each of the constituents of concrete 

has an essentially linear and brittle stress-strain relationship in compression. Although 

concrete is made up of elastic and brittle materials, its stress-strain curve is nonlinear 

and appears to be somewhat ductile [12]. Its compressive strength is influenced by, 

among other issues, the quality and proportion of fine and coarse aggregate, the cement 

paste and the paste-aggregate bond characteristics. These in turn, depend on the 

structural features including total porosity, pore size and shape, pore size distribution 

and morphology of the hydration products, and the bond between individual solid 

components. Other qualities of concrete such as durability and abrasion resistance are 

also highly dependent on the aggregate, which in turn depends on strength of parent 

rock, purity, surface texture, gradation and so on [11].  

It is generally known that, the fundamental requirement for making concrete structures 

is to produce good quality concrete. Good quality concrete is produced by carefully 

mixing cement, water, and fine and coarse aggregate with admixtures as needed to 

obtain the optimum product in quality and economy for any use. Good concrete, 

whether it is plain or reinforced, should be strong enough to carry superimposed loads 

during its expected lifetime. Other essential properties include impermeability, 

durability, minimum amount of shrinkage, and cracking [12]. Some of properties of 

concrete are illustrated below.  
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2.1.1. Workability 

Concrete at the state when its components are fully mixed but its strength has not yet 

developed is called fresh concrete. The properties of fresh concrete directly influence 

the handling, placing, compaction and properties of hardened concrete. 

Workability is often defined as the amount of mechanical work required for full 

compaction of the concrete without segregation. On other words, it is easiness of 

concrete for compaction and the concrete that can be readily compacted is said to be 

workable. The final strength of the concrete is largely influenced by the degree of 

compaction. Because, a small increase in void content due to insufficient compaction 

could lead to a large decease in strength [13].  

2.1.1.1. Factors Affecting Workability  

Some of the factors that affect workability of concrete are stated as follows [13].  

I. Water content  

Increasing the amount of water will increase the fluidity and make concrete easy to be 

compacted. The total water content is the most important parameter governing 

consistency. However, too much water reduces cohesiveness, leading to bleeding and 

segregation. With increasing water content, concrete strength is also reduced.  

II. Aggregate properties 

The shape, texture, grading and maximum size of aggregate particles can also affect the 

workability. The more nearly spherical and smoother the particles, the more workable 

concrete. When there is higher water/cement ratio, the grading of the aggregate should 

be finer for the highest workability. 

When the aggregate/cement ratio is reduced, the water content increases at constant w/c 

ratio, accordingly the workability also increases. On the other hand, the higher fine 

aggregate/coarse aggregate ratio leads to a higher cohesiveness.  

For a given w/c ratio, as the maximum size of aggregate increases, the fluidity increases. 

This is generally due to the overall reduction in surface area of the aggregates.  
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III. Temperature and time 

As temperature increases, the workability decreases. In addition, workability decreases 

with time. Therefore, it is important to determine slump immediately after the discharge 

of the concrete from the mixer for the purpose of control of batching and at the time of 

placing the concrete in the formwork to ensure that the workability is appropriate for 

compaction. 

IV. Admixtures 

Air entraining agent and super plasticizers can improve the workability.  

2.1.2. Setting of Concrete  

Setting is the beginning of rigidity in fresh concrete. It can also be defined as the 

transition process of changing of concrete from plastic state to hardened state. It is 

different from hardening, which describes the development of useful and measurable 

strength. Both setting and hardening are controlled by the continuing hydration of the 

cement [13].  

2.1.3.  Hydration  

Concrete derives its strength by the hydration of cement particles. The hydration of 

cement is not a short-lived action but a process continuing for long time. The rate of 

hydration is fast to start with, but continues over a very long time at a decreasing rate. 

Since the concrete is open to atmosphere, the water used in the concrete evaporates and 

the water available in the concrete will not be sufficient for effective hydration to take 

place particularly in the top layer. To continue the hydration, extra water must be added. 

Therefore, the curing can be considered as creation of a favorable environment during 

the early period for uninterrupted hydration [13]. 

2.1.4. Strength of Concrete  

The major properties of hardened concrete are strength, modulus of elasticity, 

durability, creep and shrinkage. Strength of concrete is commonly considered, its most 

valuable property, even though in many practical cases other characteristics such as 

durability and impermeability may in fact be more important. However, strength 

usually gives an overall picture of the quality of concrete because strength is directly 

related to the structure of the hardened cement paste [13]. Strength of concrete can be 
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expressed in terms of compressive, flexural, tensile and shear resistance. From those 

compressive strength of concrete is the most important one because concrete mainly act 

as compressive material.  

2.1.4.1. Factors Affecting Concrete Compressive Strength 

There are number of factors affecting the compressive strength of concrete. Among 

those, the following are the most important for concretes used in structures [12]. 

I. Water/cement ratio: - it largely governs strength of concrete. As w/c ratio 

increases strength of concrete decreases.  

II. Type of cement: - it affects the early stage strength of concrete. This is due 

to the speed of hydration of cement defers with its type.    

III. Supplementary cementations materials:-  

IV. Aggregate: - strength, texture, and grading of aggregate affects the strength 

of concrete. To make high strength concrete, strong aggregates are needed 

and the reverse is true. The bond between aggregate particles and cement 

paste tends to be better with rough, angular and angular pieces of aggregate.  

This leads to good concrete strength.  

V. Quality of mixing water: - water that is suitable for drinking may be used 

for mixing and curing. The pH of the water should be between 6.0 and 8.0 

and must be free from salt, because chlorides and other salts in such water 

will attack the structure of the concrete and may lead to corrosion of steel. 

VI. Moisture conditions during curing: - Continued moist curing leads to the 

highest concrete strength. 

VII. Temperature conditions during curing: - The 7 and 28 day strengths are 

reduced by cold curing temperatures, even though the long-term strength 

tends to be enhanced. Conversely, high temperature during the first month 

increases the 1 and 3 day strengths but tend to reduce the 1-year strength. 

VIII. Age of concrete: - Concrete gains strength with age. 

IX. Maturity of concrete:- 

X. Rate of loading:- “As rate of loading increases, compressive strength, 

modulus of elasticity, and the slope of the descending portion of the stress‐

strain curve of concrete increase.” [14] 
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2.1.5. Durability  

The durability of concrete is the ability of concrete to resist weathering action, chemical 

attack, and abrasion while maintaining its desired engineering properties. The three 

most common problems of durability of concrete are the following [12]. 

 Corrosion of steel in the concrete 

 Breakdown of the structure of the concrete due to freezing and thawing 

 Breakdown of the structure of the concrete due to chemical attack  

2.2. Ingredients of Concrete 

2.2.1. Cement  

Cement is finely graded inorganic powder, which has adhesive and cohesive properties. 

In concrete, it reacts with water to bind the aggregate particles together and therefore it 

is called hydraulic cement. Its principal constituents are lime, silica, alumina and iron 

oxide. It can be classified broadly as natural cements, Portland cements and high-

alumina cements. Portland cement is obtained simply by the grinding of natural 

materials (limestone or chalk, and alumina and silica found as clay or shale) burning in 

a large rotary kiln at a temperature of up to about 1450 °C [13]. 

Table 2. 1 Main compounds of Portland cement [13] 

Name of Compound Oxide composition Abbreviation 

Tricalcium Silicate 3CaO.SiO2 C3S 

Dicalcium Silicate 2CaO.SiO2 C2S 

Tricalcium Sluminate 3CaO.Al2O3 C3A 

Tetracalcium Fluminoferrite 4CaO.Al2O3.Fe2O3 C4AF 
 

2.2.1.1.Types of Cement 

The five basic types of Portland cement: [12]  

1. Normal, Type I: used in ordinary construction, where special properties are 

not required.  

2. Modified, Type II: lower heat of hydration than Type I; used where moderate 

exposure to sulfate attack exists or where moderate heat of hydration is 

desirable.  
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3. High early strength, Type III: used when high early strength is desired; has 

considerably higher heat of hydration than Type I. 

4. Low heat, Type IV: developed for use in mass concrete dams and other 

structures where heat of hydration is dissipated slowly. In recent years, very 

little Type IV cement has been produced. It has been replaced with a 

combination of Types I and II cement with fly ash.  

5. Sulfate resisting, Type V: used in footings, basement walls, sewers, and so on 

that are exposed to soils containing sulfates. 

2.2.2. Water 

Water is one of the ingredients of concrete. It is necessary to make the mix adequately 

workable and to hydrate the cement. Amount and quality of water influence on 

workability, strength, setting, hydration, bleeding, drying, shrinkage, creep, entrance of 

salts and explosive failure of concrete. Mixing water should not contain undesirable 

organic substances or inorganic constituents in excessive proportions [12]. 

2.2.3. Aggregate 

Aggregates are inert, granular, and inorganic materials such as sand, gravel and crushed 

stone that are used with binding materials for construction purpose. Aggregates can be 

used alone (in road bases and various types of fill) or can be used with cementing 

materials (such as Portland cement or asphalt cement) to form composite materials or 

concrete. The most popular use of aggregates is to form concrete. Approximately three-

fourths of the volume of concrete is occupied by aggregate. Aggregate has considerable 

technical advantages on concrete; it has a higher volume stability and better durability 

than hydrated cement paste alone [11, 13]. 

Aggregates, which are used for concrete production should be clean, sound, tough, 

durable and uniform in quality. They should also free from soft, friable, thin of 

laminated fragments and deleterious substances like alkali, oil, coal, humus, or other 

organic matter [15].       

2.2.3.1.  Sampling of Aggregate 

Samples shall be representative and certain precautions in sampling have to be made. 

No detailed procedures can be laid down as the conditions and situations involved in 
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taking samples in the field can vary widely from case to case. However, one can obtain 

reliable results bearing in mind that the sample taken is to be representative of the bulk 

of the material. The main sample shall be made up of portions drawn from different 

parts of the whole. Minimum number of these portions is ten and  they should add up 

to a mass not less than that given in Table 2.2 for particles of different sizes. To maintain 

the representative sample, quartering or riffling reduction techniques are used [13].  

Table 2. 2 Minimum Mass of Samples for Testing as per BS 812 : 102 : 1989 [13] 

Maximum particle size 

(mm) 

Minimum mass of sample 

dispatched for testing (Kg) 

28 or greater 50 

Between 5 and 28 25 

5 or smaller 13 
 

2.2.3.2. Physical Properties of Aggregates  

Since at least three-quarters of the volume of concrete is occupied by aggregate, the 

physical properties of the aggregate greatly affect the strength, durability and structural 

performance of concrete. Therefore, the physical properties of aggregates should be 

well tested and known to produce the right quality of concrete. The physical properties 

of aggregates include size, shape, surface texture, specific gravity, porosity, absorption 

capacity, moisture content, unsoundness due to volume changes and thermal properties 

[11, 13]. Among those important properties of aggregates, some are mentioned below. 

1. Particle shape and texture  

The particle shape and surface texture are important external characteristics of 

aggregates. Roundness measures the relative sharpness or angularity of the edges and 

corners of a particle. Roundness is controlled largely by the strength and abrasion 

resistance of the parent rock and by the amount of wear to which the particle has been 

subjected. In the case of crushed aggregate, the particle shape depends not only on the 

nature of the parent rock but also on the type of crusher and its reduction ratio, i.e. the 

ratio of the size of material fed into the crusher to the size of the finished product. 

Particles with a high ratio of surface area to volume are also of particular interest for a 

given workability of the control mix [13]. 
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Particle shape and surface texture influence the properties of freshly mixed concrete 

more than the properties of hardened concrete. Shape of fine aggregate particles 

influences the mix properties; angular particles requiring more water for workability. 

Coarse aggregate particles with equi-dimensional shape are preferred. Flaky particles 

affect adversely the durability of concrete because they tend to be oriented in one plane. 

The mass of flaky particles expressed as a percentage of the mass of the sample is called 

the flakiness index. Even though, limits are not set down, the presence of elongated 

particles in excess of 10 to 15% of the mass of coarse aggregate is generally considered 

as undesirable [11, 13]. 

Particle shape classification, which is sometimes used in the United States [13]:- 

 Well-rounded:- no original faces left 

 Rounded:- faces almost gone 

 Sub-rounded:- considerable wear, faces reduced in area 

 Sub-angular:- some wear but faces untouched 

 Angular:- little evidence of wear  

Table 2. 3 Particle Shape Classification as per BS 812 : 102 : 1989 [13] 

Classification Description Example 

Rounded Fully water-worn or completely shaped by 

attrition  

River or seashore gravel; 

desert, seashore and wind-

blown sand 

Irregular Naturally irregular, or partly shaped by 

attrition and having rounded edges 

Other gravels; land or dug 

flint 

Flaky Material of which the thickness is small 

relative to the other two dimensions 

Laminated rock 

Angular Possessing well defined edges formed at 

the intersection of roughly planar faces 

Crushed rocks of all types; 

talus; crushed slag 

Elongated Material, usually angular, in which the 

length is considerably larger than the other 

two dimensions 

 

Flaky and 

elongated 

Material having the length considerably 

larger than the width, and the width 

considerably larger than the thickness 
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Sphericity is a function of the ratio of surface area of the particle to its volume. It is 

another aspect of the shape of coarse aggregate. As ratio of surface area to volume of 

aggregate particles increases water demand also increases to make workable concrete 

mix [13]. 

Surface texture depends on the hardness, grain size and pore characteristics of the 

parent material as well as on the degree to which forces acting on the particle surface 

have smoothed or roughened it. It affects the bond strength between the aggregate 

particles and the cement paste, and influences the water demand of the mix, especially 

in the case of fine aggregate. The classification of surface texture of aggregate is based 

on the degree to which the particle surfaces are polished or dull, smooth or rough [13]. 

Table 2. 4 Classification of surface texture of aggregates as per BS 812:102:1989 [13] 

Surface texture Characteristics Example 

Glassy Conchoidal fracture Black flint, vitreous slag 

Smooth 

Water-worn, or smooth due to 

fracture of laminated or fine-grained 

rock 

Gravels,chert, slate, 

marble, some rhyolites 

Granular 
Fracture showing more or less 

uniform rounded grains 
Sandstone 

Rough 

Rough fracture of fine or medium-

grained rock containing no easily 

visible crystalline constituents 

Basalt felsite, porphyry, 

limestone  

Crystalline 
Containing easily visible crystalline 

constituents 
Granite, gabbro, gneiss 

Honeycombed With visible pores and cavities Brick, pumice, foamed  
 

The shape and texture of both fine and coarse aggregates have a significant effect on 

the water requirement of a mix. Consequently, the strength of concrete is affected 

significantly. The flexural strength is more affected than that of compressive strength, 

and the effect is particularly significant in the case of high strength concrete. Possibly 

a rougher texture results in a larger adhesive force between the particles and the cement 

paste. Similarly, the larger surface area of angular aggregate higher adhesive force can 

be developed [11, 13]. 
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Table 2.5 Average relative importance of the aggregate properties affecting the strength 

of concrete [13] 

Property of Concrete 
Relative effect of aggregate properties (%) 

Shape Surface texture Modulus of elasticity 

Flexural strength 31 26 43 

Compressive strength 22 44 34 
 

1.  Specific gravity 

The absolute specific gravity is the ratio of the mass of the solid to void space. The 

apparent specific gravity is the ratio of the mass of the oven dried aggregate to the mass 

of water occupying a volume equal to that of the solid including the impermeable pores. 

Thus, if the mass of the oven-dried sample is D, the mass of the container (Pycnometer) 

full of water is B, and the mass of the container with the sample and topped up with 

water is A, then the mass of the water occupying the same volume as the solid is B – 

(A – D). The apparent specific gravity of fine aggregate is calculated using equation 

2.1.  

  ……………………... Equation 2.1 

Calculations with reference to concrete are generally based on the saturated and 

surface-dry condition of the aggregate because the water contained in all the pores in 

the aggregate does not take part in the chemical reactions of cement and can, therefore, 

be considered as part of the aggregate. Thus, if a sample of the saturated and surface-

dry aggregate has a mass C, then the gross apparent specific gravity can be calculated 

by equation 2.2.  

………………………..Equation 2.2 

This is the specific gravity most frequently and easily determined, and it is used to 

calculate the quantity of aggregate required for a given volume of concrete. Even if, 

specific gravity of aggregate is used in the calculation of quantities, the actual value of 

the specific gravity of aggregate is not a measure of its quality [13]. 
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2. Porosity and absorption of aggregate 

Porosity, permeability and absorption of aggregate affect properties of aggregate such 

as the bond between it and the hydrated cement paste, the resistance of concrete to 

freezing and thawing, as well as its chemical stability and resistance to abrasion. In 

addition, the apparent specific gravity of aggregate also depends on its porosity [13]. 

The pores in aggregate vary in size over a wide range, the largest being large enough to 

be seen under a microscope or even with the naked eye. Pores smaller than 4 μm are of 

special interest as they are generally believed to affect the durability of aggregates 

subjected to alternating freezing and thawing. Since aggregate represents some three-

quarters of the volume of concrete, it is clear that the porosity of aggregate contributes 

to the overall porosity of concrete [13]. 

Absorption is the percentage of ratio of increase in mass to the mass of the dry sample. 

It is determined by measuring the increase in mass of an oven-dried sample when 

immersed in water for 24 hours. Although, there is no clear relation between the 

strength of concrete and the water absorption of aggregate used, the pores at the surface 

of the particle affect the bond between the aggregate and the cement paste, and may 

thus exert some influence on the strength of concrete [13]. 

Generally, it is assumed that, at the time of setting of concrete, the aggregate is in a 

saturated and surface-dry condition. If the aggregate is batched in a dry condition, it is 

assumed that sufficient water will be absorbed from the mix to bring the aggregate to a 

saturated condition, and this absorbed water is not included in the free or effective 

mixing water. Such a situation can be encountered in a hot, dry climate. So it results in 

some loss of workability with time, but beyond about 15 minutes the loss becomes 

small [13]. 

2.2.3.3. Mechanical properties of Aggregate 

Compressive strength of concrete cannot significantly exceed that of the major part of 

the aggregate contained, although it is not easy to determine the crushing strength of 

the aggregate itself. Toughness is the resistance of aggregate to fai1ure by impact, and 

it is usual to determine the aggregate impact value of bu1k aggregate. Toughness 

determined in this manner is related to the crushing value, and can, be used as an 

alternative test [11]. 
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Hardness is an important property of concrete used in roads and in floor surfaces 

subjected to heavy traffic. The aggregate abrasion value of the bulk aggregate is 

assessed using Los Angeles abrasion machine. The Los Angeles Abrasion test 

combines the processes of attrition and abrasion, and gives results, which show a good 

correlation not only with the actual wear of the aggregate in concrete but also with the 

compressive and flexural strength of concrete when made with the same aggregate [11]. 

2.2.3.4. Deleterious Substance of Aggregate  

Deleterious substances are described under three broad categories [13]. 

 Impurities:- affect the processes of hydration of cement. Organic matter found 

in aggregate consists usually of products of decay of vegetable matter (mainly 

tannic acid and its derivatives) and appears in the form of humus or organic 

loam. Such materials are more likely to be present in sand than in coarse 

aggregate, which is easily washed. 

 Coatings:-  prevent the development of good bond between aggregate and the 

hydrated cement paste. 

 Weak or unsound aggregate particles:- are soft particles affect durability of 

concrete.  

Generally, such impurities are harmful for the development of chemical reactions 

between the aggregate and the cement paste. Therefore, aggregates should be free of 

deleterious materials to achieve good quality of concrete. 

2.2.3.5. Classification of Aggregates  

Aggregates can be divided into several categories according to different criteria [13].  

1. Based on size  

I. Coarse aggregate:- Aggregates predominately retained on the No.4 (4.75 mm) 

sieve. 

II.  Fine aggregate:- Aggregates passing No.4 (4.75 mm) sieve and predominately 

retained on the No. 200 (75 μm) sieve. 

2. In accordance with unit weight  

I.  Light weight aggregate:- The unit weight of aggregate is less than 1120 

kg/m3. The corresponding concrete has a bulk density less than 1800 kg/m3. 
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II. Normal weight aggregate:- The aggregate has unit weight of 1520-1680 

kg/m3. The concrete made with this type of aggregate has a bulk density of 

2300-2400 kg/m3. 

III.  Heavy weight aggregate:- The unit weight is greater than 2100 kg/m3. The 

bulk density of the corresponding concrete is greater than 3200 kg/m3.  

3. In accordance with sources:  

I. Natural aggregates:- This kind of aggregate is taken from natural deposits 

without changing their nature during the process of production such as crushing 

and grinding. 

II. Manufactured aggregates:- This is a kind of man-made materials produced as 

a main product or an industrial by-product.  

2.2.4. Coarse Aggregate 

Aggregates are particles of rock, which varies in size from coarser to medium and fine 

grained material used in construction. Depending on their weight there are three classes 

of aggregates; light weight, normal weight and heavy weight. Lightweight aggregates 

are classified as natural and artificial depending on how they are available. Natural 

aggregates are obtained from quarries by crushing rocks or from riverbeds. Other non-

conventional material includes artificial and lightweight aggregates. Artificial 

aggregates are acquired from industrial by products such as blast furnace sludge. The 

main natural lightweight aggregates are diatomite, pumice, scoria, volcanic cinder and 

tuff. Except for diatomite, all are volcanic in origin [11].  

Aggregates, both fine and coarse, take about 65-75% by volume of concrete and are 

important ingredients in concrete production [11]. Thus, they have a major influence 

on the different material properties (like density, specific gravity, water absorption etc.) 

of concrete [4]. 

2.2.5. Fine Aggregate 

Fine aggregates are the material that will pass a No. 4 sieve (4.75mm), and will 

predominantly retain on a No. 200 sieve (75ɲm). They are of two type river sand and 

manufactured fine aggregate. Their purpose is to fill the voids between coarse-

aggregate particles and to modify the concrete’s workability [16]. The river sand due 

to natural process of abrasion tends to possess smoother surface texture and better 
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shape. It also absorbs moisture that surrounds in between the particles. The majority of 

fine aggregate (sand) is collected from riverbeds [11]. Quality of fine aggregate is one 

of the factors affecting strength of concrete. As content of silt in sand increases, the 

corresponding strength decreases [16, 15]. 

2.2.5.1. Types of Fine Aggregate  

I. Crushed/Manufactured Sand 

Crushed sand is used for aggregate materials having dimensions less than 5.0mm that 

are processed from crushed rock or gravel and intended for construction use. The use 

of crushed sand in concrete has been known since the Roman time. In modern 

technology, natural aggregates have proved to be significantly economical in use, for 

which reason extensive use of crushed sand has been concentrated to projects where the 

availability of natural aggregates has been limited. Crushed /manufactured sand has 

rough surface texture and the particle size distribution curve can be adjusted in the 

manufacturing of the material [17].  

The crushing process caused the manufactured sand to have an irregular particle shape. 

These fine particles and irregular shape of the aggregate have harmful effects on the 

workability and texture of the concrete. These negative effects have given 

manufactured sands a poor character in the construction industry [17]. 

II. Natural River Sand  

Rivers sand is a naturally occurring granular material composed of finely divided rock 

and mineral particles. It is considered to have a lower size limit of 70 or 60μm. Material 

between 60μm and 2μm is classified as silt, and particles smaller still are termed clay. 

Loam is a soft deposit consisting of sand, silt, and clay in about equal proportions. The 

influence of silt and clay on the properties of the resultant concrete is often significantly 

different not only because these particles differ in size but also in composition.  

Natural aggregate particles originally made of a larger parent mass. This may be due to 

natural processes of weathering and abrasion. Thus, many properties of the aggregate 

depend entirely on the properties of the parent rock like; chemical and mineral 

composition, specific gravity, hardness, strength, physical and chemical stability, pore 

structure and color. The most common constituent of sand is silica (silicon dioxide, or 



19 

 

SiO2), usually in the form of quartz. An individual particle in this range size is termed 

a sand grain. Sand grains are between gravel and silt [13].  

The major sand supply for the construction works in and around Addis Ababa is the 

Awash basin located about 70-120 km southeast of the city. The method of quarrying 

sand is generally very old and the producers do not attempt to clean and grade the sand 

right from the source. A sand with a silt content as high as 20% is usually purchased 

from those quarry sites. The sand is produced by manual labor and transported by 

animal to trucks and then the sand is transported to Addis Ababa [11].  

 

Fig.2. 1 The sand quarrying practices along the Awash basin [11] 

 

Fig.2. 2 Transporting of quarried sand to loading trucks [11] 
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2.2.5.2. Requirement of Fine Aggregate for Concrete  

Aggregate provides technical advantage on concrete, which has higher volume stability 

better than the cement paste alone. Therefore, before using aggregate as concrete 

making material, it is important to examine whether those aggregates fit for the purpose 

to which they are intended to be used and tests on site and laboratory should have to be 

made. Some of the requirement of fine aggregate are discussed below. 

1. Grading of fine aggregate  

Aggregate grain size is one among the properties of aggregate, which affect the quality 

of concrete. Fine aggregate grading has a greater effect on workability of concrete than 

coarse aggregates [15].  

It is determined using a procedure called sieve analysis. Before the sieve analysis is 

performed, the aggregate sample has to be air-dried in order to avoid lumps of fine 

particles being classified as large particles and to prevent blockage of the finer sieves 

[13]. After the analysis is carried out the aggregates are classified as well graded, poorly 

graded, uniformly graded, gap graded, etc [15]. Table 2.6 shows allowable gradation of 

fine aggregate as per Ethiopian standard.   

Table 2. 6 Grading requirements of fine aggregate as per ES C.D3.201 [15] 

Sieve number Sieve size Percentage passing 

- 9.5mm  100 

4 4.75mm  95-100 

8 2.36mm 80-100 

16 1.18mm 50-85 

30 600μm 25-60 

50 300μm 10-30 

100 150μm 2-10 
 

2. Fineness modulus  

Using the sieve analysis results, a numerical index called the fineness modulus (FM) is 

often computed. The FM is the sum of the total percentages coarser than each of 

specified sieves, divided by 100. The coarser the aggregate size, the higher the FM. For 
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fine aggregate used in concrete, the FM generally ranges from 2.3 to 3.1 according to 

ASTM C 33 [18]. 

It is used as an index to the fineness or coarseness and uniformity of aggregate supplied. 

Based on the value of FM, sand is categorized as [19]:- 

 Fine sand: F.M. 2.2 - 2.6 

 Medium Sand: F.M. 2.6 - 2.9 

 Coarse Sand: F.M. 2.9 - 3.2  

The fineness modulus cannot, therefore, be used as a description of a grading of an 

aggregate since there could be an infinite number of grading which will produce a given 

fineness modulus [13, 19]. 

3. Silt content  

Sand, which is obtained from glacial, river, lake, marine, bottom and wind-blown (very 

fine sand) deposits are not pure sand. They often contain other materials such as dust, 

loam and clay that are finer than sand. Therefore, it is necessary that one make a test on 

the silt content and checks against permissible limits. According to the Ethiopian 

Standard, it is recommended to wash the sand or reject if the silt content exceeds a value 

of 6% [15]. 

2.2.5.3. Effects of Riverbed Mining Activity  

Rivers play a most important role in the terrestrial and aquatic ecosystem. Riverbed 

mining is the major activity occurring in all over the world. Due to the increment of 

demand for the river sand, mining activities have been increased. This may led the 

major environmental effects in and around terrestrial as well as aquatic ecosystem. 

There are many environmental effects, which are generated due to the unscientific and 

hazard riverbed mining [19]. From those effects, some are illustrated below.  

1. Effect on river morphology 

River morphology is the shapes and direction of river channels. Mining of riverbed 

materials like sand, gravel, stone and boulder within a river channel causes the erosion 

and degradation of the riverbank.  

Upstream incision: causes the lowering of bed material of the main channel also lower 

the bed material of tributaries, by increasing their slope and causes their rapid erosion.  
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Downstream incision: occurs when sediment mining is excessive and continued in 

river. The excessive mining of sediments in downstream disturbs the sediment transport 

and sediment deficit in the downstream may occurs. 

Lateral channel instability: the mining activity causes the channel instability and bank 

erosion.  

2. Effect on water quality 

Rivers are the major sources of fresh water ecosystem. The rivers also recharge the 

groundwater of an area continuously. The quality of surface and ground water 

ecosystem may disturbed by the riverbed mining activities.  

Effect on surface-water quality: the major effect of mining activity on the surface 

water of a river is turbidity level. It increases Total Dissolved Solids (TDS) 

concentration and conductivity of water. High turbidity and TDS value of any surface 

water decrease the amount of light intensity and this condition disturb the food chain of 

any aquatic ecosystem because the primary producers (Phytoplankton) does not survive 

in the high turbid water. 

Effect on ground water quality: the riverbed mining causes the reduction of ground 

water by lowering the water table. 

3. Effect on aquatic biodiversity 

Rivers are the habitat of many aquatic animals. The riverbed mining activity disturbs 

these animals by removing sand, boulder and stones, which act as nests. 

4. Effect on Riparian Biodiversity 

Riparian biodiversity includes vegetation cover on and near the riverbanks, which is 

very beneficial to control the bank erosion and provide the nutrients for the aquatic 

biodiversity. The mining activity of a river destroy the riparian vegetation of the river 

and erodes the bank. In the bottom of river, stone and boulders are the major habitat of 

benthos and fish species. 

5. Effect on soil and landscape 

Sand and gravel mining activity responsible for shifting of river channel, degradation 

of riverbank land, loss of fertile land, and changing in the landscape area. The extraction 
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of riverbed materials causes the destruction of a river ecosystem. The changing of river 

morphology shows the flood condition of a river area.  

2.3. Mix Design  

Mix design is a process of selecting suitable ingredients of concrete and determining 

their relative amounts. It is governed by the required performance of both fresh and 

hardened concrete performance; mainly workability and compressive strength [13]. 

There are different factor that needs to be considered while preparing the mix design. 

Some of the factors are:- 

 strength  

 workability 

 free water and w/c ratio 

 aggregate type and grading 

 cement content 

 aggregate size 

2.3.1. Method of Specifying Concrete Mixes  

The four methods to specifying concrete mixes are [13]:- 

1. Designed mix: - is specified by the designer in terms of strength, cement 

content and w/c ratio. Compliance depends up on strength testing. 

2. Prescribed mix: - is specified by the designer in terms of the nature and 

proportions of mix ingredients. The use of prescribed mixes is advantageous 

when particular properties of concrete are required.  

3. Standard mix: - is based on ingredients and proportions fully listed in codes 

and standards. 

4. Designated mix: - the concrete producer selects the w/c ratio and the minimum 

cement content. This approach can be used only if the concrete producer holds 

a special certificate of product conformity based on product testing and 

surveillance, coupled with certification of quality assurance.  
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2.3.2. American Method of Selection of Mix Proportions 

The method of ACI 211.1-91 consists of a sequence of logical, straightforward steps, 

which take into account the characteristics of the materials to be used [20]. This steps 

are discussed as follows. 

Step 1: Choice of slump 

At the time of mix proportioning, the first thing is determination of minimum and 

maximum value of slump based on the type of construction. Slump may be increased 

when chemical admixtures are used; that the admixture-treated concrete has the same 

or lower w/c ratio and does not exhibit segregation potential or excessive bleeding.  

Step 2: Choice of maximum size of aggregate 

Maximum size of aggregate is decided, bearing in mind the geometric requirements of 

member size and spacing of reinforcement, or alternatively for reasons of availability 

[13]. Large nominal maximum sizes of well-graded aggregates have fewer voids than 

smaller sizes. Hence, concretes with the larger-sized aggregates require less mortar per 

unit volume of concrete. For high strength concrete, it is better to reduce nominal 

maximum sizes of aggregate to achieve higher strengths at a given w/c ratio. 

Step 3: Estimation of water content and air content 

The amount of water per unit volume of concrete required to produce a given slump 

depends on several factors. Those factors are the maximum size, shape, texture and 

grading of aggregate, the content of entrained air, the temperature of concrete and use 

of chemical admixtures. Having the maximum aggregate size and the selected slump 

range, the amount of water and air can be taken from the values recommended by ACI 

211.1-91. Since the liquid part of admixtures constitutes a part of the mix water, it will 

significantly reduce the values of water recommended.  

Step 4: Selection of water/cement ratio 

There are two criteria for the selection of the water/cement ratio: strength and 

durability. As far as the compressive strength is concerned, the average value aimed at 

must exceed the specified ‘minimum’ strength by an appropriate margin. Table 2.7 

shows the relationship between w/c ratio and compressive strength of concrete.  
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Table 2. 7 Relationships between water-cement ratio and compressive strength of 

concrete recommended by ACI 211.1-91 [20] 

Compressive strength of 

concrete at 28 days (MPa) 

Water-cement ratio, by mass 

Non-air-entrained Air-entrained 

40 0.42 - 

35 0.47 0.39 

30 0.54 0.45 

25 0.61 0.52 

20 0.69 0.60 

15 0.79 0.70 
 

Step 5: Calculation of cement content  

The amount of cement per unit volume of concrete is determined from the results in 

Steps 3 and 4 above. The required cement is equal to the estimated mixing-water 

content divided by the w/c ratio. 

Step 6: Estimate of coarse aggregate content 

The bulk volume of coarse aggregate to the total volume of concrete depends up on the 

maximum size of aggregate and the fineness modulus of fine aggregate. Table 2.8 gives 

values of the optimum volume of coarse aggregate per unit volume of concrete 

corresponding with different fineness modulus of fine aggregates.  

Table 2. 8 Volume of coarse aggregate per unit of volume of concrete [20] 

Nominal maximum 

aggregate size 

(mm) 

Volume of coarse aggregate per unit volume of concrete 

for different fineness modulus of fine aggregate 

2.40 2.60 2.80 3.00 

9.5 0.50 0.48 0.46 0.44 

12.5 0.59 0.57 0.55 0.53 

19 0.66 0.64 0.62 0.60 

25 0.71 0.69 0.67 0.65 

37.5 0.75 0.73 0.71 0.69 

50 0.78 0.76 0.74 0.72 

75 0.82 0.80 0.78 0.76 

150 0.87 0.85 0.83 0.81 
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Step 7: Estimate of fine aggregate content 

At the end of step 6, the amount of all the ingredients of concrete are determined except 

the fine aggregate. Its quantity can be obtained by subtracting the sum of the amount of 

water, cement, entrained air and coarse aggregate from that of the unit weight of 

concrete. Either mass or absolute volume approach may be employed.  

Unit weight of concrete can be assumed or estimated from experience. Often the unit 

weight of concrete is known with reasonable accuracy from previous experience with 

the materials. In the absence of such information, it can be taken from ACI 211.1-91 to 

make a first estimate.  

Table 2.9 First estimate unit weight of concrete recommended by ACI 211.1-91 [20] 

Nominal maximum 

aggregate size (mm) 

Concrete unit weight (Kg/m
3
) 

Non-air-entrained concrete Air-entrained concrete 

9.5 2280 2200 

12.5 2310 2230 

19 2345 2275 

25 2380 2290 

37.5 2410 2350 

50 2445 2345 

75 2490 2405 

150 2530 2435 
 

Step 8: Adjustments to mix proportions 

The aggregate quantities actually to be weighed out for the concrete must allow for 

moisture in the aggregates. Generally, the aggregates will be moist and their dry weights 

should be increased by the percentage of water they contain, both absorbed and surface. 

The mixing water added to the batch must be reduced by an amount equal to the free 

moisture contributed by the aggregate (i.e. total moisture minus absorption). 

In some cases, it may be necessary to batch an aggregate in a dry condition. If the 

absorption is higher than approximately one percent, and if the pore structure within 

the aggregate particles is such that a significant fraction of the absorption occurs during 

the time prior to initial set, there may be a noticeable increase in the rate of slump loss 

due to an effective decrease in mixing water.  
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In general, if workability is to be changed, but the strength is to remain unaffected, the 

water/cement ratio must remain unchanged. Changes can be made in the 

aggregate/cement ratio. On the other hand, changes in strength but not in workability 

are made by varying the w/c ratio with the water content of the mix remaining unaltered. 

This means that a change in the w/c ratio must be accompanied by a change in the 

aggregate/cement ratio so that the mass ratio is approximately constant. 

2.4. Alternative Constituent Materials of Concrete 

Due to the booming of construction industry, demand of the construction materials 

(like; river sand, crushed aggregate, row materials of cement) rises. Consequently, those 

naturally existing materials will scarce and their price increases. So far, many 

researchers attempt to obtain alternative materials, which have been used as partial or 

full replace of the ingredients of concrete.  

Investigation of suitability of crushed Jema sandstone for concrete production as 

alternative fine aggregate was conducted before. The result indicated that the 

replacement river sand with crushed Jema sandstone increased compressive strengths; 

for all grades of concrete mix proportion, concrete with 100% crushed Jema sandstone 

was capable of achieving a higher compressive strength than the river sand control mix 

[1]. 

Study of partial replacement of sand with Cordia Africana (Wanza) sawdust to produce 

concrete was also been studied. From the result, sand can be replaced by sawdust up to 

15% to produce concrete with 20MPa cube compressive strength [2]. 

As per the investigation of the use of manufactured sand for production of normal, 

intermediate and high strength concrete, the concrete mixes with partial proportions of 

manufactured and natural sand achieved a higher compressive strength at all test ages. 

It indicates that, the use of manufactured sand is more suitable for high strength 

concrete production [3]. 

In India, researchers studied the possibility use stone dust as a partial replacement of 

fine aggregate in concrete. The result confirmed that replacement of fine aggregate with 

stone dust does not affect the compressive strength up to the replacement level of 40%, 

regardless of the number of curing days [4]. 
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2.5. MSWI Bottom Ash  

Bottom ash is a byproduct generated from thermal power plant, which is highly 

multicomponent material consisting of a mix of inert materials such as sand, stone, 

glass, porcelain, metals, and ash from burnt materials [5, 6, 7]. It is coarser and angular 

material composed of silica, alumina and iron with small amounts of calcium, 

magnesium, and sulfate. Its particles size ranges from fine sand to gravel in size [6, 8]. 

It may be beneficially used as a supplemental additive [10]. Its physical and chemical 

properties are described as follows.  

2.5.1. Physical Properties of MSWI Bottom Ash 

Depending up on its chemical composition, specific gravity of bottom ash ranges in 

between 1.39 to 2.98 [9]. Researchers in China by 2018 investigated that the beneficial 

use of MSWI bottom ash with binding materials to stabilize sewage sludge. The paper 

stated that, MSWI bottom ash has irregular shapes and rough surfaces hence its friction 

angle is high. In addition, it has some similar properties with that of sand like; grain 

size and bulk density. All the heavy metals of the bottom ash were below the leaching 

limits for hazardous materials. Therefore, the bottom ash was not classified as a 

hazardous material rather it was regular solid waste that is permitted for beneficial 

reuse. It was composed of gravel and sand (79.1% by weight), glasses (15.8%), ceramic 

(4.1%), and a small amount of unburned organics (0.61%). The grain size distribution 

of the MSWI bottom ash shows that the majority of the particles lying in the range of 

coarse sand sizes. The mean particle size was approximately 3.5 mm [10].  

Due to higher friction force between particles of bottom ash, workability of fresh 

concrete decreases. Since bottom ash is a porous material, it tends to absorb water. 

Accordingly, it needed a large amount of water to achieve the required workability [8, 

9]. 

2.5.2. Chemical Properties of MSWI Bottom Ash 

Concrete containing bottom ash will achieve its strength beyond 28 days because of 

pore refinement resulted from Pozzolanic reaction [8, 9]. 
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Table 2.10 Chemical composition of MSWI bottom ash of different particle size [21] 

Particle Size 

(mm) 

Element (mass %) 

SiO2 Al2O3 Fe2O3 MgO CaO Na2O K2O P2O5 ZnO 

>4.75 56.35 5.82 5.87 1.3 11.44 5.45 1.06 2.53 0.42 

2.36-4.75 49.98 8.09 10.05 1.71 18.37 3.99 1.29 6.58 1.17 

1.18-2.36 26.57 9.84 11.31 1.79 20.63 2.42 1.51 6.24 1.00 

0.6-1.18 22.90 10.79 10.86 1.67 21.65 2.43 1.57 5.42 1.06 

0.3-0.6 20.06 10.69 7.51 1.74 23.60 2.10 1.57 6.08 1.07 

0.15-0.3 15.50 11.39 5.76 2.03 25.92 2.34 1.56 6.59 1.15 

<0.15 10.15 11.47 3.93 2.41 28.10 2.54 1.51 4.62 1.16 
 

Table 2. 11 Chemical composition of washed MSWI bottom ash [22] 

Constituents Percentage (%) 

Silica (SiO2) 54.8 

Calcium Oxide (CaO) 4.2 

Alumina (Al2O3) 28.5 

Iron oxide (Fe2O3) 8.49 

Phosphorus Pentaoxide (P2O5 ) 0.28 

Sodium Oxide (Na2O) 0.08 

Potassium Oxide (K2O) 0.45 

Loss on ignition (LOI) 2.46 

Magnesium Oxide (MgO) 0.35 

Titania (TiO2) 2.71 
 

2.5.3. Engineering Property of Bottom Ash 

High shear strength and low compressibility properties of bottom ash make it a suitable 

material in design and construction of dam and for other civil engineering applications. 

As per previous researchers, compressive and flexural strength of concrete decrease as 

the content of bottom ash greater than 40% [6]. Other studies stated that, bottom ash 

can be used as fine aggregate up to 30% replacement level in production of concrete. 

So, with appropriate percentage replacement of bottom ash, it is possible to produce 

concrete with better or equivalent strength to the conventional one [8, 23].  
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According to previous study, at curing age of 28 days, the splitting tensile strength of 

bottom ash concrete mixtures incorporating 5%, 10%, 15%, 20% and 25% bottom ash 

as fine aggregate was 14.28%, 12.11%, 10.8%, 11.48% and 6.21% higher than that of 

control concrete mixture respectively. This is because Pozzolanic properties of bottom 

ash improves quality of the paste and splitting tensile strength of concrete more depends 

on quality of the paste than that of compressive strength. In other words, due to high 

water absorption capacity of bottom ash, workability of concrete decreases as the 

replacement level increases [24].  

At a fixed w/c ratio and 5% replacement of waste limestone dust as cement, the 

strengths (compressive strength, flexural strength and split tensile strength) and 

durability of the concrete increased initially at small percentage replacements of sand 

with coal bottom ash (10%, 20% & 30%). However, as the percentage of replacement 

was increased as (40%, 60% & 80%), the strength and durability decreased [25].   

As per the investigation done in Malaysia, the mechanical properties of special concrete 

with 30% water washed bottom ash replacement by weight of natural sand is found to 

be an optimum usage in concrete in order to get a favorable strength and good strength 

development pattern over the increment ages [22]. 

2.5.4. MSWI Bottom Ash Treatment Techniques 

Due to variability of the solid waste materials to be incinerated, it is difficult to control 

properties of bottom ash during production. Therefore, pre-treatment is mandatory 

before using it for construction purpose. There are some applicable techniques used to 

treat bottom ash [26]. Such as;  

 Magnetic Separation: - is the most popular technique to separate materials 

based on their magnetic properties. 

 Eddy Current Separation: - is the preferred method used in incineration plants 

and waste organization facilities to separate the non-ferrous metals (metals that 

do not have a significant amount of iron in its chemical composition) like 

aluminum from waste and ash. Its efficiency depends on the size of the particles 

and ranges from up to 100% efficiency for particle sizes greater than 20 mm, 

down to 0% for those less than 5 mm. On the other hand, it is more effective 

when applied on dry ash than wet one. 
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 Washing: - is the simplest beneficial technique to remove harmful compounds 

(like soluble leachate salts) in MSWI bottom ash preventing its utilization.     

Water washing techniques have been tested for their effectiveness to remove 

excess chlorides and sulfates and heavy metals present especially in the fine 

fractions. Many have reported that the chloride content in ashes can only be 

reduced to 0.5% by washing due to the presence of insoluble chlorides. 

 Shaking Table:- is a density separation technology that separates heavy metal 

particles from lightweight particles. 

 Jig Head Separation: - is a device to separate materials in wet condition that 

works on the principle for density separation. 

 Ageing: - is an effective and widely used technique to reduce the leaching of 

heavy metals. It is a combined process of hydration, carbonation and oxidation. 

2.5.5. Application of MSWI Bottom Ash 

Since there is no leachate of toxic elements in bottom ash, it is acceptable to be used in 

construction [9]. Many researchers conducted possibility of utilization of bottom ash 

for different purposes [5, 6]. Like;  

 For production of building bricks and block, 

 In road construction, drainage media, 

 In sound insulating walls, 

 In mining mortar in such application as rock stabilization or filling of cavities, 

 As a light weight synthetic aggregate in block and concrete production and 

 In concrete, it is used as replacement of fine aggregate. 

Generally, uses and applications of bottom ash in the construction sector can reduce the 

cost of materials and it is useful in environmental protection as well. Bottom ash can 

be used as concrete aggregate or for several other civil engineering applications where 

sand, gravel and crushed stone are used [6]. 

2.6. Stone Dust 

Stone dust is a waste material obtained from stone crushing plants during production of 

coarse aggregate. So far, many researchers have conducted studies to investigate 

suitability of stone dust used as fine aggregate in concrete. They confirmed that it has 

potential to be used as partial replacement of natural river sand in concrete [27]. 
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From the study on workability and compressive strength of C25 concrete made with 

stone dust as partial replacement of fine aggregate, maximum compressive strength was 

recorded at 60% replacement level. In addition, 8% to 27% increase in compressive 

strength was achieved [27]. 

In Bangladesh, researchers studied to determine the relative performance of concrete 

by using stone dust. From laboratory test results, concrete made of stone powder and 

stone chip gained about 15% higher compressive strength than that of the concrete made 

of river sand and brick chip. On the other hand, concrete of stone dust and brick chip 

gained about 10% higher strength than that of the concrete made of normal sand and 

stone chip concrete. They also confirmed that mortal with highest compressive strength 

can be prepared by the stone powder. Based on the result, it can be conclude that stone 

dust is better than river sand for medium graded concrete as well for mortar in terms of 

both strength and economy [28]. 

Researchers investigated application of stone dust or quarry dust as partial replacement 

of natural sand in concrete production of grade 20, 25, 30 and 40 MPa at different level 

of replacement. The compressive strength test result showed that the quarry dust can be 

used as fine aggregate up to 40% replacement [29]. 

Indian researchers studied the potential use of stone dust as partial replacement of fine 

aggregate in concrete. They were carried out workability and compressive strength tests 

at different level of replacement. The result confirmed that, optimum proportion of 

stone dust to river sand is 60%: 40% [30]. 
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3. MATERIAL AND METHODOLOGY 

3.1. Methodology   

To achieve the objective of this research experimental method was used. All the 

laboratory investigations on the coarse and fine aggregates, MSWI bottom ash and 

concrete specimens were carried out in AASTU, construction materials laboratory. 

While, the chemical property of the bottom ash was conducted in Geological Survey of 

Ethiopia; Central Geological Laboratory. 

3.2. Study Area 

This experimental study was focused on the possible use of the MSWI bottom ash with 

stone dust as partial replacement of fine aggregate in concrete. The bottom ash was 

taken from Reppie Waste to Energy Power Plant, located at Addis Ababa, Ethiopia. It 

is the first and the only power plant in East Africa. 

 

 Fig. 3. 1 Reppie Waste to Energy Power Plant 

3.3. Study Design  

To achieve the main and specific objectives of this research, experimental method with 

the following procedures was executed. 

 Collection of sample materials 

 Conducting  physical tests on the sample materials 

 Preparation of the concrete mixes 

 Conducting slump test on fresh concrete  

 Casting cube and beam concrete specimens 
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 Curing the concrete specimens for 7 and 28 days  

 Conducting compressive strength test on cube specimens 

 Conducting flexural strength test on beam specimens 

 Conducting shear strength test on beam specimens 

 Compiling and analyzing data 

 Discussion and conclusion 

3.4. Material Sampling 

Since the aim of the study is to investigate the potential use of the MSWI bottom ash 

with stone dust as a partial replacement of fine aggregate, the other ingredients were 

uniform throughout the investigation. The only factor was the percentage replacement 

of sand by bottom ash.  

3.4.1. Cement 

Cement is a binding material in concrete. For this study the cement type used was 

uniform throughout the investigation. It was Ordinary Portland cement of grade 42.5, 

which was produced by Dangote cement factory and purchased from nearby 

construction material shop.  

3.4.2. Natural Sand 

Natural sand is the commonly used fine aggregate in concrete production. The sand 

used for this study was extracted from Meki. In order to investigate its properties for 

the required application relevant tests like; sieve analysis and fineness modulus, 

specific gravity and absorption capacity, moisture content, silt content and unit weight 

were carried out. Subsequently, remedial measures were taken before proceeding to the 

mix proportioning.  

3.4.3. MSWI Bottom Ash 

The MSWI bottom ash was collected from Reppie Waste to Energy Power Plant located 

at Koshe, Addis Ababa. Similar to the sand; appropriate tests were conducted in order 

to identify its physical properties and the corrective measures were taken too. In 

addition, its chemical composition was done in Ethiopian Geological Survey Central 

Laboratory and the result is presented in table 3.1 below. 
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Table 3. 1 Chemical composition of the MSWI bottom ash  

Constituents Percentage (%) 

Silica (SiO2) 44.62 

Calcium Oxide (CaO) 16.50 

Alumina (Al2O3) 11.24 

Iron Oxide (Fe2O3) 9.60 

Phosphorus Pentaoxide (P2O5 ) 4.34 

Sodium Oxide (Na2O) 3.58 

Potassium Oxide (K2O) 3.54 

Loss on Ignition (LOI) 3.25 

Magnesium Oxide (MgO) 2.24 

Water (H2O) 0.62 

Manganese Oxide (MnO) 0.44 

Titania (TiO2) 0.44 

  

         

a. Row MSWI bottom ash at the power plant        b. After water washed and sieved 

                                                                                with 4.75mm sieve     

 Fig. 3. 2 Sample of MSWI bottom ash  
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3.4.4. Stone Dust 

Stone dust is a waste material obtained from stone crushing plants during production of 

coarse aggregate. In this research, it was taken from crusher plant in Kality sub site. 

The purpose of using this powder in the study is stated in section 3.5.2 below. 

3.4.5. Coarse Aggregate 

The coarse aggregate used for this research was crushed stone aggregate and it was 

from one batch throughout the study. Its maximum grain size was 25 mm. In a similar 

manner like the fine aggregates, laboratory tests such as; sieve analysis and fineness 

modulus, specific gravity and absorption capacity, moisture content and unit weight 

were conducted to identify its physical properties of the coarse aggregate. The results 

for all physical tests done on the sand, MSWI bottom ash and coarse aggregate are 

shown in section 3.5 below.  

3.4.6. Water 

Clean water from AASTU concrete laboratory was used for washing of the fine 

aggregates, and for mixing and curing of the concrete throughout the investigation.  

3.5. Physical tests  

Before proceeding to mixing and casting of concrete, physical properties of its 

ingredients should be identified. The physical testes conducted in this study and the 

corresponding results are stated below. 

3.5.1. Silt Content  

One of the factors, which decrease strength of concrete, is presence of high silt or clay 

particles in fine aggregate. Silt and clay particles adversely affect the bond between the 

binding agent (cement) and aggregate. So that, the silt content of sand should be tested 

before using it for concrete mix. As per Ethiopian standard, maximum acceptable value 

silt content of sand is 6% [15]. Since the silt content of the fine aggregates used in this 

experiment initially exceed the allowable value, both the sand and the MSWI bottom 

ash were washed to remove the silt particles. Then the silt content reduced from 14% 

to 4.12% and 15.38% to 1.57% for the sand and MSWI bottom ash respectively. 
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3.5.2. Sieve Analysis 

Sieve analysis is a physical test used to determine the grain size distribution of fine and 

coarse aggregates. It was carried out for the sand and the MSWI bottom ash as per ES 

C.D3.201 and for the coarse aggregate as per ASTM C33 2017. Originally, the grain 

size distribution of the bottom ash was not satisfy the standard. Thus, it was sieved with 

sieve size of 4.75mm and the particles with size of >4.75mm was removed. In addition, 

it was blended with stone dust with a proportion of 95% bottom ash and 5% stone dust 

to adjust the particle size distribution. Table 3.2 and figure 3.3 show the particle size 

distribution of the sand and the bottom ash. Gradation of the coarse aggregate also was 

not satisfied the standard. To fulfill the allowable limit, total sample of the coarse 

aggregate was sieved and placed in each sieve sizes separately. Then it was blended 

according to the limit. It is presented in table 3.3 and figure 3.4 below.  

Table 3. 2 Sieve analysis results of the fine aggregates 

Sieve size 

Allowable 

Percentage passing 

(ES C.D3.201) [12] 

Percentage 

passing 

(Sand) 

Percentage passing         

(MSWI Bottom Ash) 

Initially 
After blended 

with stone dust  

9.5mm 100 100.00 97.71 100.00 

4.75mm 95-100 98.00 87.70 99.62 

2.36mm 80-100 91.33 65.73 87.73 

1.18mm 50-85 76.67 34.89 62.55 

600μm 25-60 42.67 13.37 36.55 

300μm 10-30 13.33 2.95 14.16 

150μm 2-10 2.00 0.57 3.34 

Pan - - - - 
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Fig. 3. 3 Graph for gradation of sand and MSWI bottom ash with EC C.D3.201 limit. 

Fineness modulus of the sand and the MSWI bottom ash:-  

FM of Sand =
∑cumulative coarser (%)

100
 = 2.76 

FM of MSWI Bottom Ash =
∑cumulative coarser (%)

100
 =2.96 

Table 3. 3 Sieve analysis results and standard for coarse aggregate 

Sieve size 

(mm) 

Allowable Percentage 

passing (ASTM C33) [18] 

Percentage passing 

Coarse Aggregate 

37.50 100.00 100.00 

25.00 90-100 92.17 

19.00 40-85 53.00 

12.50 10-40 19.83 

9.50 0-15 8.17 

4.75 0-5 0.00 

Pan - - 
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Fig. 3. 4 Graph for gradation of coarse aggregate with ASTM C33 limit. 

Fineness modulus of the coarse aggregate:- 

FM of coarse aggregate =
∑cumulative coarser (%)

100
 = 4.27 

3.5.3. Specific Gravity and Water Absorption 

Specific gravity and water absorption test was conducted to identify the bulk and 

apparent specific, and absorption capacity of the sand, MSWI bottom ash and coarse 

aggregate. According to construction material laboratory manual by Abebe Dinku, the 

parameters were determined and the results obtained are summarized as follows.  

Table 3. 4 Specific gravity and water absorption test results 

Description Sand 
MSWI 

Bottom Ash 

Coarse 

Aggregate 

Bulk specific gravity 2.42 2.18 2.87 

Bulk specific gravity 

(SSD state) 
2.45 2.22 2.90 

Apparent specific 

gravity 
2.5 2.27 2.96 

Absorption capacity (%) 1.43 1.68 1.06 
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3.5.4. Moisture Content 

Moisture content of both fine and coarse aggregates disturbs water to cement ratio, 

which affect workability and strength of a concrete mix. Therefore, moisture content of 

the concrete ingredients should be determined to adjust water to cement ration. From 

the test results, moisture content of the sand, MSWI bottom ash and coarse aggregate 

is 0.94%, 0.77% and 0.66% respectively. 

3.5.5. Unit Weight 

Unit weight of a material is its mass per unit volume. It is also known as bulk density 

[15]. Unit weight of the coarse aggregate, which is one of the required data for mix 

design of concrete, was 1,599.28 kg/m3. Compacted unit weight of the sand and the 

MSWI bottom ash were 1,502.99 kg/m3 and 1,258.35 kg/m3 respectively.  

3.5.6. Scanning Electron Micrograph (SEM) Image of the MSWI Bottom Ash 

An image of MSWI bottom ash when it was seen by SEM tool, shown below.  

 

Fig. 3. 5 SEM image of MSWI bottom ash 
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3.6. Mix Design  

Mix design is a process of proportioning the amount of ingredients of concrete for unit 

volume. Quantity of cement, coarse aggregate, sand and water depends up on the 

strength of concrete intended. Amount of water in fresh concrete makes it workable 

enough, but if it exceeds the limit, it reduces strength of hardened concrete. During this 

process, the following points are considered [13, 20]. 

 Water to cement ratio  

 Minimum cement content 

 Slump  

 Maximum aggregate size 

 Specific gravity, absorption capacity and moisture content of aggregates  

 Compressive strength at 28 days 

 Air content  

For this particular study ACI 211.1-19 standard of mix design was used and the quantity 

of the ingredients required for production of concrete with compressive strength of 

25MPa are shown in Table 3.5. The code representations of the specimens C and BASD 

stands for the control mix and the mix containing bottom ash with stone dust 

respectively. The percentages 10%, 20%, 30%, 40%, 50% and 60% indicate the level 

of replacement of the sand by MSWI bottom ash with stone dust. For instance, 

BASD10% means the concrete mix produced using proportion of 10% MSWI bottom 

ash with stone dust and 90% sand. 

Table 3. 5 Mix proportion for unit volume of C25 concrete  

Mix 

Mass of Ingredients (Kg/m3) 

Water Cement 
Coarse 

Aggregate 

River 

Sand 

Bottom 

Ash 

Stone 

Dust 

C 193 316.39 1077.91 792.7 - - 

BASD10% 193 316.39 1077.91 713.43 75.31 3.96 

BASD20% 193 316.39 1077.91 634.16 150.61 7.93 

BASD30% 193 316.39 1077.91 554.89 225.92 11.89 

BASD40% 193 316.39 1077.91 475.62 301.23 15.85 

BASD50% 193 316.39 1077.91 396.35 376.53 19.82 

BASD60% 193 316.39 1077.91 317.08 451.84 23.78 
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3.7. Specimen Preparation 

The specimens were produced for C25 grade concrete with different replacement 

percentage of river sand with bottom ash and stone dust (0%, 10%, 20%, 30%, 40%, 

50% and 60%) at suitable w/c ratio. Cube specimens with standard side length of 

150mm for compressive strength test and beam specimens of size 500 mm × 100 mm 

× 100 mm were used to determine flexural strength of the concrete mixes. V-notched 

beams with size of 300mm × 100 mm × 100 mm were also used for shear strength test. 

Three specimens were used for each mix throughout the study. The strength of 

conventional concrete (control) and the other mix specimens were determined after 7 

and 28 days of moist curing at room temperature (20o C).  

The freshly mixed concrete was poured slowly into the mold up to half depth. After 

vibrating the poured concrete, the second half of the mixture was poured in and 

subjected to vibrations again to ensure well compaction of concrete. Then, all 

specimens were separated from their mold after 24 hours and socked in water until the 

required curing date.  

   

Fig. 3. 6 Casting of concrete specimens 
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3.8. Test on Fresh Concrete (Slump Test)  

Slump test is the most widely used and simplest test to determine workability of fresh 

concrete. Workability depends up on the amount of water. If the mix is too dry, mixing 

and compaction become difficult. On the other hand, when it is too wet, hardened 

concrete losses it strength. Based on the shape of fresh concrete when the slump cone 

released, there are three types of slump patterns [15]. 

1. True slump: - the concrete keeping the shape of the cone approximately. 

2. Shear slump: - the concrete fails down with inclined plane. 

3. Collapse slump: - the concrete completely collapses. 

Generally, true slump is related with workable mix rather the other two types are 

occurred in harsh mixes [15]. In this study, the slump test was conducted as per Abebe 

Dinku construction material laboratory manual and the result is presented in section 4.2 

of this paper.  

.  

Fig. 3. 7 Workability test 
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3.9. Test on Hardened Concrete 

3.9.1. Compressive Strength Test 

Compressive strength is a capacity of a material to resist load that tends to reduce the 

size of the structure. It is affected by factors like quality of the constituent material, 

water to cement ration, degree of compaction and curing temperature.   Since concrete 

is a compressive material, it is expected to with stand direct compressive load. Thus, it 

is mandatory to check the compressive strength of concrete mix for every structural 

work.  

In this study, the test was done using standard cube specimens of size 150mm according 

to the test procedure stated on Abebe Dinku construction materials laboratory manual. 

The failure load after 7 and 28 days of curing was recorded using universal strength 

testing machine at constant loading rate for all specimens. Then the stress was 

calculated by dividing the failure load by the respective contact area. 

 

Fig. 3. 8 Compressive strength test on cube specimen    
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3.9.2. Flexural Strength Test  

Test for flexural strength of concrete is a mechanical test used to determine the ability 

of horizontal structural member (beam or slab) to resist failure in bending. The member 

exposed to pure bending also is subjected to shear, compressive and tensile stresses. 

The portion above and below the neutral axis are subjected to Compressive and tension 

respectively. Whereas, the portions of the member near the supports are subjected to 

relatively high shear stress than that of tensile stress. This test is also used to estimate 

tensile strength of concrete [15]. 

For this investigation, small beam specimens with cross section of 100mm*100mm and 

length of 500mm were prepared and tested for flexural strength with two point loading 

setup.  

 

Fig. 3. 9 Flexural strength test on beam specimen 
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3.9.3. Shear Strength Test 

Shear strength of concrete is a resistance against stresses due to unaligned forces 

pushing one part of the concrete in one specific direction and another part in the 

opposite direction.   

Many literatures are found on the mechanical characteristics such as; compression, 

flexural and split tensile strength of concrete made from MSWI bottom ash as fine 

aggregate. On the other hand, the shear behavior of such concrete has not been yet get 

attention. As one of the specific objective of this paper, effect of the bottom ash on 

shear strength of concrete was investigated. For this purpose, V-notched beam method 

as per ASTM D 5379/D 5379M-98 was used [31]. In this shear strength testing method, 

loads are applied in anti-symmetric four points bending, to insure a pure shear section 

at the center of the specimen. The value of the dimension b in Fig 3.10, which is the 

distance between the two loads close to the notches, is not critical to the concept [31]. 

According to the manual, a specimen is loaded in mechanical testing machine by a 

special fixture to measure the shear response. Since, the machine has not available in 

most laboratories, the test was done using flexural strength testing machine. The test 

setup applied in this study is as shown in Fig. 3.11. The plate was used to change the 

one-point loading from the machine to the two point loads. 

From the loading pattern shown in Fig. 3.10, maximum shear force is occurred at the 

mid span. The shear stress calculation was done as follows [31]. 

Ʈ =
𝑃

𝑤ℎ
  ;  w = d-2d2……………………..Equation 3.1 

Where: - 

     Ʈ = Shear stress, MPa (N/mm2)                                                                

     P = Shear load at mid span taken from the shear force diagram (see Fig 3.10), N  

     w = effective depth of the specimen at mid span, mm 

     h = width of the specimen, mm 

     d2 = depth of notch, mm 

     d = depth of the specimen, mm 
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Fig. 3. 10 Idealized Force, Shear and Moment Diagrams of V-notched beam [31] 

In this study, the dimensions d2 and w were proportional to the length; L of the specimen 

as per ASTM D 5379/D 5379M-98. So,  

w = d-2d2, d2 = 16mm 

w = 100 - 2*16, w = 68 mm 
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Fig. 3. 11 The shear strength test setup   

3.10. Hardened Concrete Weight Comparison  

Unit weight of the MSWI bottom ash is different from that of the river sand. Thus, 

replacement of the river sand by the MSWI bottom ash with stone dust affects the mass 

or density of concrete. In this investigation, each cube and beam specimens were 

weighted after 28-day curing. Then unit weight for the cube and beam specimens was 

calculated individually at each replacement level. Finally, the average values of unit 

weight of both types of specimens were taken. The density or unit weight was calculated 

as follows. 

𝜌 =
𝑀

𝑉
……………..………………Equation 3.2 

Where: - 

          Ρ = Density of the specimen, Kg/ m3 

          M = Weight of specimen, Kg  

          V = Volume of the specimen, m3  

 

 



49 

 

4. RESULT AND DISCUSSIONS 

4.1. General 

This section deals with the fresh and hardened concrete test results and discussion. 

Since three samples of specimens were taken for each test type and replacement level, 

average values are presented here. Details of the test results are shown in appendix 

sections of this paper. The results are presented in tabular and graphical form. The code 

representations of the specimens are explained in section 3.6. 

4.2. Workability Test Results  

The results of the slump tests carried out on the fresh concrete gave an indication of the 

workability of the concrete. Table 4.1 presents the test results.  

Table 4.1 The slump test results   

Specimen 

code 
C 

BASD 

10% 

BASD 

20% 

BASD 

30% 

BASD 

40% 

BASD 

50% 

BASD 

60% 

Slump(mm) 85 70 64 60 58 55 53 

 

 

Fig. 4. 1 Graphical representation of the slump test results 
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As shown in Table 4.1 and Fig. 4.1, the concrete mixes that contain MSWI bottom ash 

showed decrease in slump. Since the bottom ash has larger water absorption capacity, 

it needs more water than sand. 

4.3. Compressive Strength Test Result  

Total of 42 cube specimens were casted; 21 of the specimens were tested after 7 days 

of curing and the remaining 21 were tested after 28 days of curing. The 7th and 28th day 

average compressive strength test results obtained from three representative samples 

are presented in Table 4.2 below. The detail test results are attached on Appendix B of 

this paper.  

Table 4.2 Average compressive strength test result   

Specimen 

Code 

7
th

 Day 28
th

 Day 

Load (KN) Stress (MPa) Load (KN) Stress (MPa) 

C 425.87 18.93 604.83 26.88 

BASD10% 409.27 18.19 589.27 26.19 

BASD20% 519.03 23.07 699.37 31.08 

BASD30% 528.65 23.50 705.87 31.37 

BASD40% 538.33 23.93 726.47 32.29 

BASD50% 448.07 19.91 647.00 28.76 

BASD60% 377.10 16.76 461.76 20.52 

   

 

Fig. 4. 2 Graphical representation of the compressive strength test result  
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As shown in Table 4.2 and Fig. 4.2 above, compressive strength at 10% replacement 

decreased by 3.91% after 7 days and 2.57% after 28 days. Although, it showed 

increment with an increase in level of replacement up to 50% as compared with the 

control mix. The rate of change of 7 days compressive strength was 21.87%, 24.14%, 

26.41% and 5.18% increase for 20%, 30%, 40% and 50% replacements respectively. 

While the 28 days strength increased by 15.62%, 16.70%, 20.13% and 6.99% at 20%, 

30%, 40% and 50% replacement levels respectively. On the other hand, at 60% 

replacement it reduced by 11.46% and 23.66% after 7 and 28 days of curing 

correspondingly.    

4.4. Flexural Strength Test Result 

A total of 42 beam specimens were casted; 21 of the specimens were tested after 7 days 

of curing and the remaining 21 were tested after 28 days of curing. The 7th and 28th day 

average flexural strength test results obtained from three representative samples are 

presented in Table 4.3 below. The detail test results are attached on Appendix C of this 

paper. 

Table 4.3 Average flexural strength test result   

Specimen Code 

7th Day 28th Day 

Load 

(KN) 

Stress 

(MPa) 

Load 

(KN) 

Stress 

(MPa) 

C 7.41 3.33 9.25 4.16 

BASD10% 6.47 2.91 7.75 3.49 

BASD20% 8.08 3.64 9.52 4.28 

BASD30% 8.29 3.73 9.65 4.34 

BASD40% 8.88 3.99 11.64 5.24 

BASD50% 6.76 3.04 8.97 4.04 

BASD60% 5.86 2.64 7.71 3.47 



52 

 

 

Fig. 4. 3 Graphical representation of the flexural strength test result  

The same to that of the compressive strength the recorded flexural strength at 10% 

replacement decreased by 12.61% after 7 days and 16.11% after 28 days. While, it 

showed increment as level of replacement increases up to 40%. The amount of 

increment of 7 days strength was 9.31%, 12.01% and 19.82% increase for 20%, 30% 

and 40% replacements respectively. Then as the replacement level rises, it decreased 

by 8.71% at 50% and by 20.72% at 60% replacement. While the 28 days strength 

increased by 2.88%, 4.33% and 25.96% at 20%, 30% and 40% replacement levels 

respectively. It decreased by 2.88% at 50% and by 20.72% at 60% replacement. 

4.5. Shear Strength Test Result 

After determining optimum replacement level, which was 40%, the shear strength test 

was conducted at 0%, 40% and 60% replacement levels. A total of 18 beam specimens 

were casted; 9 of the specimens were tested after 7 days of curing and the remaining 9 

were tested after 28 days of curing. The 7th and 28th day average shear strength test 

results obtained from three representative samples are presented in Table 4.4 below. 

The detail test results are attached on Appendix D of this paper. 
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Table 4.4 Average shear strength test result   

Specimen 

Code 

Area 

(mm2) 

7th Day 28th Day 

Load 

(KN) 

Stress 

(MPa) 

Load 

(KN) 

Stress 

(MPa) 

C 6800 12.09 1.78 17.75 2.61 

BASD40% 6800 12.98 1.91 19.08 2.81 

BASD60% 6800 7.72 1.13 11.52 1.69 

 

 

Fig. 4. 4 Graphical representation of the shear strength test result 
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values are attached on Appendix E of this paper. 
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Table 4.5 Weight comparison result of the hardened concrete 

Specimen 

Code 

From Cube Specimen From Beam Specimen Average 

Unit 

Weight 

(Kg/m3)      

Mass 

(Kg) 

Volume 

(m3) 

Unit 

weight 

(Kg/m3)    

Mass 

(Kg) 

Volume 

(m3) 

Unit 

weight 

(Kg/m3)   

C 8.82 0.003375 2,612.84 13.36 0.005 2,672.67 2,642.75 

BASD10% 8.58 0.003375 2,540.74 12.78 0.005 2,555.00 2,547.87 

BASD20% 8.29 0.003375 2,457.28 12.44 0.005 2,488.67 2,472.98 

BASD30% 8.21 0.003375 2,433.58 12.37 0.005 2,473.33 2,453.46 

BASD40% 8.05 0.003375 2,384.20 12.24 0.005 2,447.33 2,415.77 

BASD50% 8.01 0.003375 2,374.32 11.99 0.005 2,398.00 2,386.16 

BASD60% 7.76 0.003375 2,298.27 11.87 0.005 2,374.00 2,336.14 

 

 

Fig. 4. 5 Graphical representation of unit weight of the hardened concrete specimens 
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Fig. 4. 6 Graphical representation of mass of the hardened concrete specimens  

As stated in section 3.5.5, unit weight of MSWI bottom ash is less than that of the river 

sand. Thus, from the measured result shown in Table 4.5, Fig. 4.5 and Fig. 4.6, as 

percentage of MSWI bottom ash with stone dust increased, the unit weight of hardened 

concrete decreased.   
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5. CONCLUSIONS AND RECOMMENDATIONS 

5.1. Conclusion 

The present research work experimentally investigated use MSWI bottom ash with 

stone dust as partial replacement of fine aggregate in C25 concrete production. Various 

proportions of MSWI bottom ash with stone dust mixes were considered ranging from 

0 to 60% and tests including fresh and hardened concrete mechanical properties were 

executed to quantify performance gains of using MSWI bottom ash with stone dust as 

partial replacement of fine aggregate and determine its optimum replacement 

percentage point. Next, conclusions inferred from experimental results are presented.   

1. The workability of concrete decreased as percentage replacement of river 

sand with MSWI bottom ash with stone dust increased. Consequently, 

production of concrete using MSWI bottom ash with stone dust needs 

relatively more amount of water than that of the conventional one.  

2. Compressive strength of concrete improved at 20 to 50% replacement. The 

maximum values were recorded at 40%, which were 23.93 and 32.29MPa 

after 7 and 28 days of curing.  

3. Similarly, flexural strength of concrete also improved at 20 to 50% 

replacement. The maximum values were recorded at 40%, which were 3.99 

and 5.24MPa after 7 and 28 days of curing. 

4. Since maximum values of the hardened concrete strengths were achieved at 

40% replacement, this value is presented as optimum cutoff replacement 

value.  

5. At 40% replacement, 7th and 28th days maximum shear strength value were 

1.91 and 2.81MPa, respectively. Whereas, for the control, these values were 

1.78 and 2.61MPa. 

6. As replacement level increased, unit weight of the hardened concrete 

decreased. This implies, partial replacement of sand by MSWI bottom ash 

with stone dust reduces dead load of structures.      
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5.2. Recommendation  

In this study, workability of fresh concrete and compressive, flexural and shear strength 

of hardened concrete, which was produced using MSWI bottom ash with stone dust as 

partial replacement of fine aggregate, were investigated. From the results of the study, 

the following recommendations are forwarded.  

1. MSWI bottom ash with stone dust can replaces river sand up to 50% in C-25 

concrete. Moreover, 40% replacement is preferable to attain largest 

mechanical strength of concrete. However, attention should be given to 

workability during production of concrete using the material. 

2. In the construction sector, before using the MSWI bottom ash with stone as 

fine aggregate in concrete production, quality tests such as silt content, 

gradation, specific gravity and the like should be considered. 

3. Furthermore, further investigations are required on the areas stated below. 

3.1. Study on effect of MSWI bottom ash with stone dust on other behaviors 

(crack, modulus of elasticity, creep, durability etc…) of concrete. 

3.2. Study on pretreatment techniques and carbon content of MSWI bottom 

ash to use it as fine aggregate in the construction sector. 

3.3. Study on application of MSWI bottom ash for production of lightweight 

construction materials like; HCB and lightweight concrete.   
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APPENDIX A: MATERIALS TEST RESULTS 

A1. Silt Content Test Result  

Silt content(%) =
A

B
∗ 100....................................Equation A1.1 

Table A1. 1 Silt content test result of the sand and MSWI bottom ash  

Description 
Number of Trials 

Average 
Trail 1 Trail 2 Trail 3 

For the River Sand 

Amount of silt deposited above 

the sand [A] (ml) 
2.5 2 2 2.17 

Amount of clean sand [B] (ml) 52.5 53 52.5 52.67 

Silt content (%) 4.76 3.77 3.81 4.12 

For the MSWI Bottom Ash  

Amount of silt deposited above 

the sand [A] (ml) 
1.00 0.50 1.50 1.00 

Amount of clean sand [B] (ml) 62.50 65.00 64.00 63.83 

Silt content (%) 1.60 0.77 2.34 1.57 
 

A2. Sieve Analysis Results  

Table A2. 1 Sieve analysis result of the sand  

Sieve 

Size 

Sieve 

Weight 

(gm) 

Weight of Coarse Aggregate 

Retained (gm) 
Percent 

Retained 

Cumulative 

Percent 

Retained 

Percent 

Passing 

Permissible 

Percent 

Passing Trial 1 Trial 2 Trial 3 Average 

9.5mm 540 0 0 0 0.00 0.00 0.00 100.00 100 

4.75mm 560 10 10 10 10.00 2.00 2.00 98.00 95-100 

2.36mm 530 30 30 40 33.33 6.67 8.67 91.33 80-100 

1.18mm 490 70 60 90 73.33 14.67 23.33 76.67 50-85 

600ɲm 460 170 160 180 170.00 34.00 57.33 42.67 25-60 

300ɲm 410 150 160 130 146.67 29.33 86.67 13.33 10 to 30 

150ɲm 390 60 70 40 56.67 11.33 98.00 2.00 2 to 10 

Pan 370 10 10 10 10.00 2.00 100.00 - - 

Total  500 500 500 500 - 276.00   
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F.M=2.76 

Table A2. 2 Sieve analysis result of the MSWI bottom ash  

Sieve 

Size 

Sieve 

Weight

(gm) 

Weight of Coarse Aggregate 

Retained (gm) 
Percent 

Retained 

Cumulative 

Percent 

Retained 

Percent 

Passing 

Permissible 

Percent 

Passing Trial 1 Trial 2 Trial 3 Average 

9.5mm 540 0.00 0.00 0.00 0.00 0.00 0.00 100.00 100.00 

4.75mm 560 0.00 1.80 0.70 0.83 0.17 0.17 99.83 95-100 

2.36mm 530 95.40 157.80 107.90 120.37 24.07 24.24 75.76 80-100 

1.18mm 490 153.30 182.30 168.20 167.93 33.59 57.83 42.17 50-85 

600ɲm 460 113.70 98.60 114.60 108.97 21.79 79.62 20.38 25-60 

300ɲm 410 86.00 45.40 78.30 69.90 13.98 93.60 6.40 10 to 30 

150ɲm 390 41.90 10.40 23.80 25.37 5.07 98.67 1.33 2 to 10 

Pan 370 9.70 3.70 6.50 6.63 1.33 100.00 0.00 - 

Total  500 500 500 500 - 354.13   

 

Table A2. 3 Sieve analysis result of the MSWI bottom ash after blended with 5% stone 

dust  

Sieve 

Size 

Sieve 

Weight 

(gm) 

Weight of Coarse Aggregate Retained 

(gm) 
Percent 

Retained 

Cumulative 

Percent 

Retained 

Percent 

Passing 

Permissible 

Percent 

Passing Trial 1 Trial 2 Trial 3 Average 

9.5mm 540 - - - - - - 100.00 100.00 

4.75mm 560 1.90 2.50 1.30 1.90 0.38 0.38 99.62 95-100 

2.36mm 530 58.70 62.50 57.20 59.47 11.89 12.27 87.73 80-100 

1.18mm 490 139.90 125.30 112.40 125.87 25.17 37.45 62.55 50-85 

600ɲm 460 129.20 130.20 130.60 130.00 26.00 63.45 36.55 25-60 

300ɲm 410 106.00 112.10 117.80 111.97 22.39 85.84 14.16 10 to 30 

150ɲm 390 48.30 53.50 60.50 54.10 10.82 96.66 3.34 2 to 10 

Pan 370 16.00 13.90 20.20 16.70 3.34 100.00 - - 

Total  500 500 500 500  296.05   
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F.M= 2.96 

Table A2. 4 Sieve analysis result of the coarse aggregate  

Sieve 

Size   

(mm) 

Sieve 

Weight 

(gm) 

Weight of Coarse Aggregate Retained 

(gm) 
Percent 

Retained 

Cumulative 

Percent 

Retained 

Percent 

Passing 

Permissible 

Percent 

Passing  as 

per ASTM 

C33 

Trial 1 Trial 2 Trial 3 Average 

37.5 1184.1 - - - - - - 100.00 100.00 

25 1088.1 160 170 140 156.67 7.83 7.83 92.17 90-100 

19 1192.9 820 770 760 783.33 39.17 47.00 53.00 40-85 

12.5 1199.7 620 690 680 663.33 33.17 80.17 19.83 10-40 

9.5 1126.2 260 200 240 233.33 11.67 91.83 8.17 0-15 

4.75 1220 140 170 180 163.33 8.17 100.00 - 0-5 

Pan 988.2 - - - - - - - - 

Total  2,000 2,000 2,000 2,000  326.83   

 

 

F.M= 3.27 

A3. Specific Gravity and Water Absorption  

I. Calculation of specific gravity of the sand and MSWI bottom ash 

Specific gravity =
D

(C−A+B)
……………..…...Equation A3.1 

Bulk Specific gravity(SSD basis) =
C

(B+C−A)
…..…….…..Equation A3.2 

Apparent specific gravity =
D

(D−A+B)
…..……...…...Equation A3.3 

Absorpition capacity =
C−D

D
∗ 100 … … … . . . … . . … . Equation A3.4 
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Table A3. 1 Specific gravity and water absorption test result of the sand  

Description Trial 1 Trial 2 Trial 3 Average 

Weight of Sample Taken, (gm) 2000 2000 2000 2000 

Weight of saturated & surface dry sand Taken (C), (gm) 500 500 500 500 

Weight of Pycnometer, sand & water  (A),  (gm) 2092 2098.5 2086.6 2092.37 

Weight of Pycnometer & water  (B), (gm) 1791.1 1799 1800 1796.7 

Weight of oven dry sample  (D),  (gm) 493.6 493.3 492 492.97 

Specific Gravity 2.48 2.46 2.31 2.42 

Bulk Specific Gravity (SSD basis)  2.51 2.49 2.34 2.45 

Apparent Specific Gravity 2.56 2.55 2.4 2.5 

Water Absorption, Percentage dry weight 1.30 1.36 1.63 1.43 
 

Table A3. 2 Specific gravity and water absorption test result of the MSWI bottom ash 

Description Trial 1 Trial 2 Trial 3 Average 

Weight of Sample Taken, (gm) 2000 2000 2000 2000 

Weight of saturated & surface dry sand Taken (C),  (gm) 500 500 500 500 

Weight of Pycnometer, sand & water  (A),  (gm) 2073.2 2070.3 2075.1 2072.87 

Weight of Pycnometer & water  (B),  (gm) 1795.1 1799 1800 1798.03 

Weight of oven dry sample  (D),  (gm) 491.65 490.32 493.2 491.72 

Specific Gravity 2.22 2.14 2.19 2.18 

Bulk Specific Gravity (SSD basis) 2.25 2.19 2.22 2.22 

Apparent Specific Gravity 2.3 2.24 2.26 2.27 

Water Absorption, Percentage dry weight 1.7 1.97 1.38 1.68 

 

II. Calculation of specific gravity of the coarse aggregate 

Specific gravity =
A

(B−C)
……………………….Equation A3.5 

 

Bulk Specific gravity(SSD basis) =
B

(B−C)
……  ………..Equation A3.6 

 

Apparent specific gravity =
A

(A−B)
………….…….Equation A3.7 

 

Absorpition capacity =
C−D

D
∗ 100…………….…..Equation A3.8 
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Table A3. 3 Specific gravity and water absorption test result of the coarse aggregate  

Description Trail 1 Trail 2 Trail 3 Average 

Sample Taken(gm) 5000.00 5000.00 5000.00 5000.00 

SSD (B),  (gm)  5010.10 5009.20 5010.40 5009.90 

Weight in water (C), (gm)   3285.10 3284.40 3286.00 3285.17 

Weight of oven dry sample (A), (gm)  4950.10 4959.30 4962.80 4957.40 

Bulk specific gravity 2.87 2.88 2.88 2.87 

Bulk specific gravity(SSD Basis) 2.90 2.90 2.91 2.90 

Apparent specific gravity 2.97 2.96 2.96 2.96 

Absorption Capacity 1.21 1.01 0.96 1.06 
 

A4. Moisture Content  

Moistue content =
𝐴−𝐵

B
*100……………………Equation A4.1 

Table A4. 1 Moisture content test result of the sand  

Description Trail 1 Trail 2 Trail 3 Average 

Original weight of sample [A] (gm) 500 500 500 500 

Weight of sample [B] (gm) 496 494.8 495.3 495.37 

Moisture content (%) 0.81 1.05 0.95 0.94 
 

Table A4. 2 Moisture content test result of the MSWI bottom ash  

Description Trail 1 Trail 2 Trail 3 Average 

Original weight of sample [A] (gm) 500 500 500 500 

Weight of sample [B] (gm) 495.8 496.3 496.5 496.2 

Moisture content (%) 0.85 0.75 0.70 0.77 
 

Table A4. 3 Moisture content test result of the coarse aggregate 

Description Trail 1 Trail 2 Trail 3 Average 

Original weight of sample [A] (gm) 500 500 500 500 

Weight of sample [B] (gm) 497.8 496.1 496.3 496.73 

Moisture content (%) 0.44 0.79 0.75 0.66 
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A5. Unit Weight  

I. Calculation of unit weight of the sand and MSWI bottom ash 

Compacted unit weight =
B−A

𝐶
………… ..……….Equation A5.1 

Table A5. 1 Unit weight test result of the sand  

Description Trial 1 Trial 2 Trial 3 Average 

Mass of cylinder [A] (Kg) 0.76 0.76 0.76 0.76 

Compacted mass of cylinder + sample [B] (Kg) 2.35 2.30 2.33 2.33 

Mass of compacted sample [B-A]  (Kg) 1.59 1.54 1.57 1.56 

Volume of cylinder  [C] (m3) 0.001 0.001 0.001 0.001 

Compacted unit weight (Kg/m3)  1525.41 1477.38 1506.20 1502.99 
 

Table A5. 2 Unit weight test result of the MSWI bottom ash  

Description Trial 1 Trial 2 Trial 3 Average 

Mass of cylinder [A] (Kg) 0.76 0.76 0.76 0.76 

Compacted mass of cylinder + sample [B1] (Kg) 2.01 2.13 2.08 2.07 

Mass of compacted sample (Kg) 1.24 1.37 1.32 1.31 

Volume of cylinder [C] (m3) 0.001 0.001 0.001 0.001 

Compacted unit weight (Kg/m3)  1194.95 1314.07 1266.03 1258.35 
 

II. Calculation of unit weight of the coarse aggregate 

Unit weight =
M

𝑉
 , Where M = M2-M1………...Equation A5.2 

Table A5. 3 Unit weight test result of the coarse aggregate 

Description Trial 1 Trial 2 Trial 3 Average 

Weight of Cylinder [M1] (Kg) 6.33 6.46 6.39 6.39 

Volume of Cylinder [V] (m3) 0.01 0.01 0.01 0.01 

Weight of Cylinder & aggregate M2 (Kg)  22.32 22.46 22.38 22.39 

Weight of aggregate [M] (Kg) 15.99 16.00 15.99 15.99 

Unit weight (Kg/m3) 1,598.57 1,600.28 1,599.00 1,599.28 
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A6. Scanning Electron Micrograph (SEM) Image of the MSWI Bottom Ash  

   

   

   

Fig.A6. 1 SEM image of MSWI bottom ash 



69 

 

A7. Chemical Analysis Report of MSWI Bottom Ash  
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APPENDIX B: COMPRESSIVE STRENGTH TEST RESULT 

Table B. 1 Compressive strength test result of the cube specimens 

Specimen 

Code 

Length 

(mm) 

Width 

(mm) 

Depth 

(mm) 

Area 

(mm
2
) 

7 Day 28 Day 

Load 

(KN) 

Stress 

(MPa) 

Load 

(KN) 

Stress 

(MPa) 

C-1 150 150 150 22500 408.50 18.16 578.50 25.71 

C-2 150 150 150 22500 435.90 19.37 666.20 29.61 

C-3 150 150 150 22500 433.20 19.25 569.80 25.32 

Mean     425.87 18.93 604.83 26.88 

BASD10%-1 150 150 150 22500 396.20 17.61 624.10 27.74 

BASD10%-2 150 150 150 22500 405.30 18.01 516.60 22.96 

BASD10%-3 150 150 150 22500 426.30 18.95 627.10 27.87 

Mean     409.27 18.19 589.27 26.19 

BASD20%-1 150 150 150 22500 510.10 22.67 726.30 32.28 

BASD20%-2 150 150 150 22500 538.40 23.93 674.90 30.00 

BASD20%-3 150 150 150 22500 508.60 22.60 696.90 30.97 

Mean     519.03 23.07 699.37 31.08 

BASD30%-1 150 150 150 22500 520.19 23.12 713.70 31.72 

BASD30%-2 150 150 150 22500 547.40 24.33 701.30 31.17 

BASD30%-3 150 150 150 22500 518.35 23.04 702.60 31.23 

Mean     528.65 23.50 705.87 31.37 

BASD40%-1 150 150 150 22500 491.60 21.85 752.70 33.45 

BASD40%-2 150 150 150 22500 556.60 24.74 742.30 32.99 

BASD40%-3 150 150 150 22500 566.80 25.19 684.40 30.42 

Mean     538.33 23.93 726.47 32.29 

BASD50%-1 150 150 150 22500 481.60 21.40 573.90 25.51 

BASD50%-2 150 150 150 22500 385.50 17.13 683.40 30.37 

BASD50%-3 150 150 150 22500 477.10 21.20 683.70 30.39 

Mean     448.07 19.91 647.00 28.76 

BASD60%-1 150 150 150 22500 396.40 17.62 441.80 19.64 

BASD60%-2 150 150 150 22500 355.95 15.82 483.80 21.50 

BASD60%-3 150 150 150 22500 378.96 16.84 459.68 20.43 

Mean     377.10 16.76 461.76 20.52 
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APPENDIX C: FLEXURAL STRENGTH TEST RESULT 

Table C. 1 Flexural strength test result of the beam specimens 

Specimen 

Code 

Length 

(mm) 

Center to 

Center 

Length (mm) 

Width 

(mm) 

Depth 

(mm) 

7 Day 28 Day 

Load 

(KN) 

Stress 

(MPa) 

Load 

(KN) 

Stress 

(MPa) 

C-1 500 450 100 100 7.31 3.29 9.41 4.23 

C-2 500 450 100 100 7.69 3.46 9.47 4.26 

C-3 500 450 100 100 7.23 3.25 8.86 3.99 

Mean     7.41 3.33 9.25 4.16 

BASD10%-1 500 450 100 100 6.91 3.11 7.99 3.60 

BASD10%-2 500 450 100 100 6.28 2.83 7.21 3.24 

BASD10%-3 500 450 100 100 6.21 2.79 8.06 3.63 

Mean     6.47 2.91 7.75 3.49 

BASD20%-1 500 450 100 100 7.65 3.44 8.72 3.92 

BASD20%-2 500 450 100 100 8.33 3.75 9.48 4.27 

BASD20%-3 500 450 100 100 8.26 3.72 10.36 4.66 

Mean     8.08 3.64 9.52 4.28 

BASD30%-1 500 450 100 100 8.02 3.61 9.37 4.22 

BASD30%-2 500 450 100 100 8.50 3.83 9.47 4.26 

BASD30%-3 500 450 100 100 8.36 3.76 10.11 4.55 

Mean     8.29 3.73 9.65 4.34 

BASD40%-1 500 450 100 100 9.00 4.05 12.21 5.49 

BASD40%-2 500 450 100 100 8.84 3.98 11.84 5.33 

BASD40%-3 500 450 100 100 8.79 3.96 10.86 4.89 

Mean     8.88 3.99 11.64 5.24 

BASD50%-1 500 450 100 100 7.16 3.22 8.57 3.86 

BASD50%-2 500 450 100 100 6.68 3.01 9.90 4.46 

BASD50%-3 500 450 100 100 6.45 2.90 8.43 3.79 

Mean     6.76 3.04 8.97 4.04 

BASD60%-1 500 450 100 100 5.87 2.64 7.45 3.35 

BASD60%-2 500 450 100 100 5.74 2.58 7.91 3.56 

BASD60%-3 500 450 100 100 5.98 2.69 7.78 3.50 

Mean     5.86 2.64 7.71 3.47 
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APPENDIX D: SHEAR STRENGTH TEST RESULT 

Table D. 1 Shear strength test result of the hardened concrete 

Specimen 

Code 

Length 

(mm) 

Width 

(mm) 

Effective 

Depth at 

Mid 

Span 

(mm) 

7 Day 28 Day 

Load 

(KN) 

Stress 

(MPa) 

Load 

(KN) 

Stress 

(MPa) 

C-1 300 100 68 10.75 1.58 16.54 2.43 

C-2 300 100 68 13.46 1.98 18.96 2.79 

C-3 300 100 68 12.07 1.78 17.75 2.61 

Mean    12.09 1.78 17.75 2.61 

BASD40%-1 300 100 68 12.56 1.85 19.32 2.84 

BASD40%-2 300 100 68 14.31 2.10 20.16 2.96 

BASD40%-3 300 100 68 12.08 1.78 17.76 2.61 

Mean    12.98 1.91 19.08 2.81 

BASD60%-1 300 100 68 6.49 0.95 10.56 1.55 

BASD60%-2 300 100 68 8.28 1.22 11.66 1.71 

BASD60%-3 300 100 68 8.38 1.23 12.33 1.81 

Mean    7.72 1.13 11.52 1.69 
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APPENDIX E: WEIGHT COMPARISON RESULT 

Table E. 1 Weight comparison result of the hardened concrete  

Specimen 

Code 

From Cube Specimen From Beam Specimen Average 

Unit Weight 

(Kg/m3) 

Mass 

(Kg) 

Volume 

(m
3
) 

Unit weight 

(Kg/m3) 

Mass 

(Kg) 

Volume 

(m
3
) 

Unit weight 

(Kg/m3) 

C-1 8.75 0.003375 2,592.59 13.63 0.005 2,726.00 2,659.30 

C-2 8.86 0.003375 2,623.70 13.35 0.005 2,670.00 2,646.85 

C-3 8.85 0.003375 2,622.22 13.11 0.005 2,622.00 2,622.11 

Mean 8.82  2,612.84 13.36 0.005 2,672.67 2,642.75 

BASD10%-1 8.62 0.003375 2,552.59 12.76 0.005 2,552.00 2,552.30 

BASD10%-2 8.55 0.003375 2,531.85 12.68 0.005 2,535.00 2,533.43 

BASD10%-3 8.57 0.003375 2,537.78 12.89 0.005 2,578.00 2,557.89 

Mean 8.58  2,540.74 12.78 0.005 2,555.00 2,547.87 

BASD20%-1 8.23 0.003375 2,438.52 12.15 0.005 2,429.00 2,433.76 

BASD20%-2 8.31 0.003375 2,460.74 12.60 0.005 2,519.00 2,489.87 

BASD20%-3 8.35 0.003375 2,472.59 12.59 0.005 2,518.00 2,495.30 

Mean 8.29  2,457.28 12.44 0.005 2,488.67 2,472.98 

BASD30%-1 8.15 0.003375 2,413.33 12.12 0.005 2,423.00 2,418.17 

BASD30%-2 8.27 0.003375 2,448.89 12.56 0.005 2,511.00 2,479.94 

BASD30%-3 8.23 0.003375 2,438.52 12.43 0.005 2,486.00 2,462.26 

Mean 8.21  2,433.58 12.37 0.005 2,473.33 2,453.46 

BASD40%-1 8.00 0.003375 2,370.37 12.47 0.005 2,493.00 2,431.69 

BASD40%-2 8.09 0.003375 2,397.04 12.19 0.005 2,437.00 2,417.02 

BASD40%-3 8.05 0.003375 2,385.19 12.06 0.005 2,412.00 2,398.59 

Mean 8.05  2,384.20 12.24 0.005 2,447.33 2,415.77 

BASD50%-1 8.09 0.003375 2,395.56 11.96 0.005 2,392.00 2,393.78 

BASD50%-2 8.04 0.003375 2,382.22 12.12 0.005 2,424.00 2,403.11 

BASD50%-3 7.92 0.003375 2,345.19 11.89 0.005 2,378.00 2,361.59 

Mean 8.01  2,374.32 11.99 0.005 2,398.00 2,386.16 

BASD60%-1 7.68 0.003375 2,274.07 11.83 0.005 2,366.00 2,320.04 

BASD60%-2 7.64 0.003375 2,262.22 11.79 0.005 2,358.00 2,310.11 

BASD60%-3 7.96 0.003375 2,358.52 11.99 0.005 2,398.00 2,378.26 

Mean 7.76  2,298.27 11.87 0.005 2,374.00 2,336.14 
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APPENDIX F: SAMPLE PHOTOS 

                                                                             

Fig. F. 1 Silt content test and washing of the river sand  

    

Fig. F. 2 Silt content test for the MSWI bottom ash  
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Fig. F. 3 Sieve analysis test 

  

Fig. F. 4 Specific gravity test  

    

Fig. F. 5 Unit weight test  
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Fig. F. 6 Mixing of concrete  

 

                             

Fig. F. 7 Workability (Slump) test of the fresh concrete 
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Fig. F. 8. Concrete casting  

 

 

Fig. F. 9 Curing of concrete 

 

 



78 

 

  

Fig. F. 10 Cube specimen in compressive strength testing machine 

  

Fig. F. 11 Beam specimen under flexural test 

  

Fig. F. 12 Shear strength test   


