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Abstract 

The main objective of the thesis is to make comparative analysis of fine aggregate obtained 

from Concrete Demolition and Construction Debris (CDCD). CDCD constitutes a major 

portion of total solid waste products and most of it is used in landfills. Concrete structures 

like building, bridges, dams, curb stones, samples and some production factories release 

concrete wastes to the environment cause environmental contamination.       

Therefore, all of these enforce to use demolition and construction concrete wastes as fine 

aggregate in concrete production for construction projects. This study will investigate reuse 

of concrete waste obtained from construction and demolition as an ingredient for concrete 

production instead of natural (river sand) available for construction works in our area or 

machine produced fine aggregate. Three types of concrete mixtures were tested: concrete 

made entirely with natural fine aggregate concrete (NFAC) as a control concrete and two 

types of concrete made with natural fine and recycled fine aggregate (50% and 100% 

replacement of fine recycled aggregate). Eighty one specimens were made for the testing 

of the basic properties of hardened concrete. Regardless of the replacement ratio, recycled 

fine aggregate concrete (RFAC) had a satisfactory performance, which did not differ 

significantly from the performance of control concrete in this experimental research. The 

recycled fine aggregate material properties, compressive strength, tensile strength & 

flexural strength workability, the relation of test outputs, of demolition concrete and 

construction waste reuse have been discussed.  

Keywords: Concrete, Construction Wastes and Concrete Demolition Debris, Natural 

River Sand, Re-cycled Fine Aggregate, Re-cycled Fine Aggregate Concrete, Cylindrical 

concrete specimens, Splitting Tensile strength, Compression strength, Flexural strength. 
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CHAPTER ONE 

1. Introduction 

1.1 Background of the study 

The construction industry in Ethiopia is increasing enormously resulting in an increase in 

the use of construction materials. The use of concrete has its own effect on the overall 

economy of the construction industry and its economy is highly affected by the components 

of concrete. Parallel to this demolition of different structures and production of structural 

elements are on progress.  

Particularly the fine aggregate is one of main constituents of concrete making about 35 % 

of volume of concrete used in construction industry and it can be classified as natural fine 

aggregates and artificial fine aggregates. Natural sand is mainly excavated from river beds 

and most of the time contains high percentages of inorganic materials, chlorides, sulphates, 

silt and clay. According to BS 882, the presence of any of these unwanted materials could 

slow down the hydration process by affecting the overall performance of concrete. Some 

of the parameters that determine the quality of the fine aggregate are the silt/clay content, 

impurities and gradation of fine aggregate. 

Therefore this study proposes construction waste and concrete demolition as a use of fine 

aggregates in the construction industries and investigates its effects in concrete strength. It 

includes the methods and procedures followed to reach at reasonable steps to know 

the effect of recycled fine aggregate from construction waste and concrete demolition 

in fresh concrete properties. When concrete pavements, structures, sidewalks, curbs, 

floor screeds and gutters are removed, they become waste or can be processed for reuse.  

The resulting concrete must either be disposed of in landfills, or crushed for subsequent 

use as fine aggregate in base material or as fine aggregate in new concrete. “Crushing the 

material and using it as fine  aggregate in new concrete makes sense because it reduces 

waste and reduces the need for natural fine aggregate”.(Reddy., etal. 2012) 

The negative effects of recycled aggregate on concrete quality limit the use of this material 

in structural concrete. “However, the shortcomings of using recycled fine aggregate can 
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be mitigated by incorporating a certain amount of fly ash into the concrete mixture 

since fly ash is known to be able to reduce the drying shrinkage and creep of 

concrete”.(Reddy., etal. 2012) 

Moreover, the disadvantages can be further minimized when recycled aggregate concrete 

is employed in the precast concrete industry since it is easier to ensure the quality of such 

products due to the presence of an existing quality assurance system. The curing method 

used for precast concrete products differs from the normal curing method where steam 

curing is usually employed because it accelerates the rate of strength development. 

“However, this curing method alters the properties of the resulting concrete”. (Reddy., 

etal. 2012) 

Many countries  in  Europe, America  and  Asia  are  now  relaxing  their  infrastructural  

laws  to  allow the use of demolished concrete and construction debris, as recycled 

aggregate, in concrete. Fredonia (2007) has shown that the global demand for construction 

aggregates may exceed 26 billion tones by 2011China (25%), Europe (12%), and in USA 

(10%). As a result of recent development particularly in the Port Harcourt area, significant  

increase  in  the  use  of aggregates  in  Nigeria  is  expected.  In Nigeria, over 15 mt of 

solid wastes are generated annually from construction industries, which include wasted 

sand, gravel, bitumen, bricks and masonry concrete. Globally, some quantity of such 

waste is being recycled and utilized in building materials(Otoko). 

Therefore,  concrete  recycling  is  very  important  for  sustainable  development  in  our  

times. In view of sustainability and limited natural resources, USA, Japan and in the parts 

of western regulations have considered use of recycled and secondary aggregates (RSA), 

such as crushed concrete, asphalt and industrial by products and have sufficiently put in 

place that use of RSA exceeds 10% of the total use of aggregate. Recycled materials may 

not necessarily mean greater sustainability as they require energy to produce.  So, instead 

the appropriate use of materials for both performance and function may have to be 

considered(Otoko). 

In  Nigeria,  the  main  reason  for  increase  of  the  volume  of  demolition  concrete  waste  

is  development of  new infrastructural such as building of new roads; and all buildings on 
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the right of the way demolished. Such waste has been proved to be an excellent source of 

aggregates for new concrete production; and the concrete proven to have mechanical 

properties similar to those of conventional concretes and even high  strength concrete 

is nowadays a possible goal for this environmentally sound  practice(Otoko). 

Now a day in our country many cities are under re-construction. So if we used this method 

of concrete making process, it is useful to our country in order to save money, quality and 

time for transportation of raw materials, and it is better to protect the environmental quality. 

1.2 Statement of the Problem 

An enormous quantity of concrete is consumed by construction industry all over the world. 

In Ethiopia, concrete commonly is produced by using natural sand as fine aggregate. One 

of the important ingredients of conventional concrete is natural river sand. Natural sand is 

mainly excavated from river beds even if naturally existing fine aggregate may not exist in 

a pure state that is some very fine particles such as dust, organic materials, silt and clay 

may that adversely affecting the strength and durability of concrete and reinforcing steel 

by reducing the life of structure. Fine aggregates such as sand used in concrete production 

may contain excessive silt and clayey contents as well as organic impurities that impact 

negatively on the quality and strength of concrete. Failure of concrete structures leading to 

collapse of building has initiated various researches on the quality of construction 

materials. This failure has resulted into injuries, loss of lives and investments has been 

largely attributed to use of poor quality concrete ingredients (Ngugi, et al., 2014). Sand is 

the principal component of concrete, the critical construction material. Being an important 

component for concrete, obtaining good quality natural sand is critical and deserves special 

attention when considering the means of process control.   

Therefore, the main objective the research is to investigate the properties of recycled fine 

aggregates of different mass (i.e. 0%, 50%, & 100% replacement of recycled sand quantity 

with washed natural river sand) and their effect on the concrete properties that mainly used 

in Addis Ababa city, region and towns around Addis Ababa city. 

One of the major problems facing construction industry according to the data construction 

companies and from construction proxy website it is the non- stop increase in price and 
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shortage of construction materials such as fine aggregate. Availability of fine aggregate in 

construction projects are not enough due to limited capacity of aggregate producers and 

scarcity of its source. Therefore, it is necessary to look for alternative source of aggregate 

in concrete production for construction projects. 

One of such alternative mechanism is partially or fully replacing the fine aggregate 

in concrete with recycled fine aggregate obtained from demolished concrete and 

construction debris, which can produce a concrete that will possess the desired properties 

and characteristics of a concrete consistent. The alternative materials will be demolition & 

construction concrete west from demolition of building, bridge, dam, precast production & 

others. This demolition obtained during rehabilitations, renovation, upgrading, expired 

service life span of structures exceeded and terminated structures. 

1.3 Objective 

1.3.1 General objective 

To investigate the use of concrete waste as a full or partial replacement of aggregate and 

find out the outcomes of this alternative fine aggregate materials on concrete properties. 

1.3.2 Specific objective 

 To know material properties of NFA available and RFA 

 To establish the compressive, tensile, flexural strength of concrete made from 

Demolitions and Construction Debris (DCD) fine aggregate compare with concrete 

with conventional fine aggregate. 

 To know the optimum demolished concrete wastes and construction debris contents 

from tests that will achieve the strength and durability standards for the concrete. 

 To reduce cost of NFA replacing by environmentally sustainable material of 

demolished structures concrete waste and construction debris. 

1.4 Research question 

1. What is the quality of the selected sand samples used in A.A. city? 

2. What is the compressive strength of concrete made with demolition and 

construction concrete waste, as compared with concrete with conventional 

aggregate? 
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3. What is the optimum demolition and construction concrete waste contents from 

tests that will achieve the strength and durability standards for the concrete? 

4. How much is relevant to use of natural aggregate by replacing demolition and 

construction waste? 

1.5 Significance of the Study 

The use of demolition and construction concrete waste will contribute not only, to the 

production of concrete, but also reduce contamination of environment during removing and 

throwing wastes.  The replacement of aggregate by demolition and construction concrete 

waste will result in lower energy consumption associated with the production of aggregate 

and save source of aggregate from river sand which is non-renewable one. It also helps to 

control the price escalation of river sand which is shown in table A2.10 because the 

concrete wastes collected for recycling is much inexpensive.  

Study the effect of recycled fine aggregate contents for the available sand (i.e. micro-fine 

content) and gradation (i.e. particle size distribution) of fine aggregate on concrete 

properties used to minimize its impact on concrete production in the construction industry. 

The study will be supportive for construction stakeholders (i.e. Contractor, Consultant and 

Client) in or around Addis Ababa city that used the selected sand samples in order to take 

remedial measures and to use optional source of fine aggregates to reduce the impacts of 

the problem. The study will also be helpful for most technical departments such as Housing 

Development Agencies, Construction Enterprises, Ministry of Construction & Urban 

Development, Ethiopian road authorities (ERA) and pre-cast industries to take action for 

reducing the negative impact of using recycled fine aggregate content and gradation of fine 

aggregate on concrete. 

Therefore, this study has significance in order to create clear understanding about the 

properties of recycled fine aggregate over the selected fine aggregate on properties of 

concrete and will be a reference material for students of the university. The university will 

have a great honor and appreciation so as to conduct such kind of research. Also the 

university will get a chance to provide a seminars for the concerning bodies.  
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1.6 Scope of the study 

This thesis research cover’s parameter’s to use demolished concrete for re-cycling as fine 

aggregate which includes curing, mixing ratio and time interval effects. Recycled 

Aggregate in concrete comprise of both recycled fine aggregates commonly known as 

recycled sand as a sand and recycled coarse aggregates referred to recycled gravel as a 

gravel. However; in this research are only covered the effects of recycled fine aggregate 

compared to selected natural river fine aggregates on concrete properties.  

Fine aggregates in general may be those found naturally (pit, river or marine sand), those 

which are manufactured (manufactured sand), and recycled (from used structures 

demolished and construction concrete wastes). This thesis only covers the recycled type of 

fine aggregates. Concrete wastes for fine aggregate recycling may found from stone 

masonry wall, wing wall and retaining wall mortars, bricks masonry mortars, Hollow 

concrete block masonry mortars, floor screeds, cement plastering, cement rendering, used 

concrete structures from concrete foundations, concrete retaining wall, shear wall, guarder, 

beam, column, slab, concrete stair, concrete curb, concrete manhole, dam, precast products, 

construction site concrete wastes and so on, from different sources of  used structures fine 

aggregate. So, the research generally focuses on the recycled type of fine aggregates which 

are used in concrete making. Moreover, the research was done by using concrete part taken 

from G+2 Building demolished in Addis Ababa around sengatera which was built in 1978 

E.C. as shown in fugure 1.1. Among natural river sand found, better quality of commonly 

used natural sand used as a control in and around A.A. is Metehara sand; it is the sand that 

extracted from beseka lake found in east shoa.  

The remaining were supplied are Butajira sand that extracted from “Butajira” town were 

found around Butajira, langano Sand that extracted from “langano lake” were found in west 

arsi shoa, and sodere sand that extracted from City of sodere, maki sand that extracted from 

maki river found in south shoa, wanji sand extracted from wanji river, Ambo sand know 

with red color sand extracted from west shoa around ambo town. Among those types of 

natural sand commonly used in and around Addis Ababa sample were selected from 

Metehara sand which is a control for recycled sand obtained from Addis Ababa around 

sengatera. This control sample was taken because it is a better recommendation of the 
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consultants in and around Addis Ababa determined from the lab test report. The 

demolished structural concrete sample size is reduced to smaller size and selected by 

inspection from sample site as shown in figure 1.2. 

  

Figure 1-1: Demolished G+2 Building sample site. 

 

Figure 1-2: Reduced concrete sample from Demolished G+2 Building sample site. 
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CHAPTER TWO 

2. Literature Review 

2.1. Introduction 

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

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

crushed stone) into a rock like mass as the paste hardens because of the chemical reaction 

of the cement and water. Supplementary cementatious materials and chemical admixtures 

may also be included in the paste (Kosmatka, et al., 2003).The ability of concrete to be cast 

to any desired shape and configuration is an important characteristic that can offset other 

shortcomings. Concrete can be cast into mounting arches and columns, complex hyperbolic 

shells, or into massive, monolithic sections used in dams, piers, and abutments if the 

constituent materials are carefully selected (Olanitori, 2006). One of the major 

disadvantages of concrete is that there are lots of factors that affect its strength. Factors 

such as type of fine aggregate, type and size of coarse aggregate, grading of aggregate 

(generally quality of aggregate), type of cement, water -cement ratio and aggregate – 

cement ratio all come to play as far as the strength of concrete is concerned. Therefore, this 

research focus on reviewing quality of fine aggregate, particularly when  recycled river 

fine aggregate used in concrete production.  

Construction Industry needs quality oriented, cost effective, time saving, procedurally 

flexible and consensual dispute resolution mechanisms which are able to solve rapidly the 

disputes relating to construction projects as far as they emerge. Using Re-cycling aggregate 

performing the standard is one of among these mechanisms. 

One of the major problems facing construction industry according to the data obtained 

from, Oromia construction works enterprise and from construction proxy website is the 

non-stop increase in price and shortage of construction materials such as fine aggregate. 

Availability of aggregate in construction projects are not enough due to limited capacity of 

aggregate producers and scarcity of its source, granite rock. No optional mechanisms found 

to replace fine aggregate materials for concrete work.  Therefore, it is necessary to look for 
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alternative source of fine aggregate in concrete production for different level of 

construction projects. 

 

Figure 2-1: different form of impurities at sampling site. 

One of such alternative mechanism is partially or fully replacing the fine aggregate in 

concrete with recycled fine aggregate obtained from construction demolition or concrete 

waste that can produce a concrete that will possess the desired properties and characteristics 

of a concrete consistent. The alternative materials will be demolition and construction 

concrete waste could be produced from (stone masonry wall, wing wall and retaining wall 

mortars, bricks masonry mortars, Hollow concrete block masonry mortars, floor screeds, 

cement plastering, cement rendering, used concrete structures from concrete foundations, 

concrete retaining wall, shear wall, guarder, beam, column, slab, concrete stair, concrete 

curb, concrete manhole, dam, precast products,  construction site concrete wastes and so 

on), from different sources of  used  structures fine aggregate.  



 

10 

 

The fine aggregate could be relatively clean, with only the cement paste adhering to it, in 

the latter case the aggregate could be contaminated with salts, bricks and tiles, sand and 

dust, timber, plastics, cardboard, paper and metals. It has been shown that contaminated 

aggregate after separation from other waste, and sieving, can be used as a substitute 

for natural aggregates found in concrete(Nagataki, etal. 2004). As with natural 

aggregate, the quality of recycled aggregates, in terms of size distribution, absorption, 

abrasion, etc. also needs to be assessed before using the aggregate. 

The use of these non-renewable resources, such as virgin aggregates, needs to be reduced 

by recycling concrete demolition and construction debris (CDCD), processed in such a way 

that it can be used to replace virgin coarse or fine aggregate.  This replacement reduces 

natural resource consumption and allows for reduction in the volume of materials disposed 

of in landfills.  Recycled aggregate concrete, if satisfactory concrete properties are 

achieved, can be an example of sustainable construction materials. 

The use of aggregates from construction and demolition waste in pavement beds is the 

most usual way of reusing this material. Even though considered as a valid reuse technique, 

it is not the best economic valorization of this resource and it is considered by many 

researchers to be a down cycling process that depreciates the capacities of the material. But 

the production of structural concrete with recycled aggregates however offers great 

potential and recycles the materials viably and effectively(de Brito and Robles, 2010). 

 

Figure 2-2: Structural forms demolition in Addis Ababa around Sengatera. 
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2.2. Aggregate 

Aggregates are the materials basically used as filler with binding material in the production 

of concrete and provide concrete with better dimensional stability and wear resistance. 

They are derived naturally from igneous, sedimentary and metamorphic rocks or 

manufactured from blast furnace slag, etc. (Duggal, 2000). It is therefore significantly 

important to obtain right type and quality of aggregates (fine and coarse) because 

aggregates occupy 60% to 75% of the concrete volume, 70% to 85% by mass and strongly 

influence the concrete’s freshly mixed and hardened properties, mixture proportions, and 

economy (Duggal, 2000).  So that to proportion suitable concrete mixes, certain properties 

of aggregate which influence the paste requirement of fresh concrete such as shape, 

texture, size gradation, moisture content, specific gravity and bulk unit weight must 

be known (Kosmatka, et al., 2003). 

Aggregates give concrete volumetric stability and provide similar thermal expansion 

properties to steel, allowing for steel reinforced concrete to function effectively as a 

composite. Cement paste alone would not allow for this property. Furthermore, aggregates 

significantly reduce moisture related deformations in concrete. Concrete typically exhibits 

shrinkage of 10 to 15 per cent of that of pure cement paste. They restrain creep and thereby 

reduce long-term concrete deformation. They generally improve the strength and stiffness 

of concrete and provide necessary rigidity. They provide wear resistance as well as traction 

for concrete in applications subjected to traffic. As aggregates tend to be the most 

durable material in concrete, they typically improve concrete durability (Alexander & 

Mindess, 2005). 

Aggregate is a collective term for the mineral materials such as sand, gravel and crushed 

stone that are used with a binding medium (such as water, bitumen, Portland cement, lime, 

etc.) to form compound materials (such as asphalt concrete and Portland cement concrete). 

Aggregate is also used for base and sub base courses for both flexible and rigid pavements.  

Definitions (EN 12320):  

Aggregate is a granular material used in construction.  
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2.2.1 Classification of Aggregate 

Depending on their weight aggregate can be classified as a) Normal weight aggregates b) 

Light weight aggregate c) Heavy weight aggregates. 

Normal weight aggregates can be further classified as natural aggregates and artificial 

aggregates (Ngugi, et al., 2014).Natural aggregate is aggregate from mineral a source 

which has been subjected to nothing more than mechanical processing. Natural aggregates 

are generally extracted from larger rock formations through an open excavation (quarry). 

Extracted rock is typically reduced to usable sizes by mechanical crushing.  

Artificial aggregates are either manufactured or recycled aggregate and they are often the 

byproduct of other manufacturing industries. Manufactured aggregate is aggregate of 

mineral origin resulting from an industrial process involving thermal or other modification. 

Recycled aggregate is aggregate resulting from the processing of inorganic material 

previously used in construction. 

Natural Artificial 

 Manufactured recycled 

 Sand, gravel, 

crushed rock 

 Broken brick,  Used concrete structures 

demolition 

E.g. Granite, 

Quartzite, 

Basalt, 

Sandstone 

 Air-cooled slag  construction site concrete wastes 

 Sintered fly ash bloated 

clay  

 Used different masonarymortars 

demolition 

 Steel slags aggregate 

 Crushed marble chip 

 Used screeds, plasterings, pipings 

demolition 

Table 2.1: Shows natural and artificial aggregates classification 

Aggregates can also be classified on the basis of the size of the aggregates as coarse 

aggregate and fine aggregate. Aggregate size- designation of aggregate in terms of lower 

(d) and upper (D) sieve sizes expressed as d/D. Fine aggregate is designation given to the 

smaller aggregate sizes with D less than or equal to 4 mm. Coarse aggregate is designation 

given to the larger aggregate sizes with D greater than or equal to 4mm and d greater than 
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or equal to 2 mm. fines is particle size fraction of an aggregate which passes the 0.063 mm 

sieve. 

All-in aggregate- aggregate consisting of a mixture of coarse and fine aggregates.   

 2.2.2 Source of Aggregate 

Almost all natural aggregate materials originate from bed rocks which is the mass of solid 

rock that lies beneath the soil and other loose material (regolith) on the Earth’s surface. 

There are three kinds of rocks namely igneous, sedimentary and metamorphic. These 

classifications are based on the mode of formation of rocks. 

1. Igneous rocks: Igneous rocks are formed by the cooling of molten magma or lava at the 

surface of the crest (trap and basalt) or deep beneath the crest (granite) (Ngugi, et al., 2014). 

The rate of this hardening has a large effect on these rocks; a rapidly cooling magma, or in 

this case more likely lava, will not have time to crystallize fully. As a result the rock is 

likely to be glassy, with few crystals. On the other hand, a slow cooling magma will have 

more time to form crystals, and are likely to be highly crystallized. Also, particularly in 

rapidly cooling lavas, air in the lava can become trapped, as the lava hardens too quickly 

for it to escape. As a result, rocks formed this way often have many air voids in them 

(Kehew, 2006).  

Most igneous rocks make highly satisfactory concrete aggregate because they are normally 

hard and dense. The most widespread of all the igneous rocks are basalts. Basalts are dark 

colored, fine grained extrusive rocks. The mineral grains are so fine that they are 

impossible to distinguish with the naked eye or even a magnifying glass. Most basalt is 

volcanic in origin and was formed by the rapid cooling and hardening of the lava flows. 

Some basalt is intrusive having cooled inside the Earth’s interior (Denamo, 2005). 

2. Sedimentary rocks: Sedimentary rocks are formed originally as a result of 

sedimentation of the broken down product of other rocks. The sedimentation usually takes 

place under water. The particles of the broken down rock can either be loosely joined, or 

cemented together (Kehew, 2006, Ngugi, et al., 2014). Since sedimentary rocks are made 

from older rocks, their chemistry is usually simpler, and they are often more stable 

than the rock from which they were derived (Fulton, 2009). The quality of aggregates 
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derived from sedimentary rocks will vary in quality depending upon the cementing material 

and the pressure under which these are originally compressed. Some siliceous sand stones 

have proved to be good concrete aggregate. Similarly, the limestone also can yield good 

concrete aggregate.  

The thickness of the stratification of sedimentary rock may vary from a fraction of a 

centimeter to many centimeters. If the stratification thickness of the parent rock is less it is 

likely to show up even in an individual aggregate and thereby it may impair the strength of 

the aggregate. Such rocks may also yield flaky aggregates. The degree of consolidation, 

the type of cementation, the thickness of layers and contamination, are all important factors 

in determining the suitability of sedimentary rock for concrete aggregates (Denamo, 2005). 

3. Metamorphic Rocks: Metamorphic rocks are formed through the transformation of 

other rock types. The transformation is usually due to high temperatures or high 

pressures (Kehew, 2006, Ngugi, et al., 2014). It has been found that metamorphic rocks 

formed from sedimentary rocks have improved strength and durability than the original 

rock, while those formed from igneous rocks show little difference (Fulton, 2009). Many 

metamorphic rocks particularly quartzite and gneiss have been used for production of good 

concrete aggregates (Denamo, 2005). 

The concrete making properties of aggregate are influenced to some extent on the basis of 

geological formation of the parent rocks together with the subsequent processes of 

weathering and alteration. Within the main rock group, Say granite group, the quality of 

aggregate may vary to a very extent owing to changes in the structure and texture of the 

main parent rock from place to place (Ngugi, et al., 2014).  

2.3. Aggregate for concrete 

As per ACI E-701, Aggregate is granular material such as sand, gravel, crushed stone, 

blast-furnace slag, and lightweight aggregates that usually occupies approximately 60 to 

75% of the volume of concrete. Aggregate properties significantly affect the workability 

of plastic concrete and also the durability, strength, thermal properties, and density of 

hardened concrete. Furthermore the quality of aggregate is considerably important 

because at least three-quarters of the volume of concrete is occupied by it (Neville, 
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1999). This indicates that, aggregate quality is important to get good quality concrete and 

it has both economic and technical advantages in making concrete.  

There are two main reasons for increasing the amount of aggregates in concrete. The first 

is that cement is more expensive than aggregate, so using more aggregate reduces the cost 

of producing concrete. The second is that most of the durability problems, e.g. shrinkage 

and freezing and thawing, of hardened concrete are caused by cement. Generally, concrete 

shrinkage increases with increase in cement content; aggregates, on the other hand, 

reduce shrinkage and provide more volume stability. 

In choosing aggregate for use in a particular concrete, attention should be given among 

other things to three important requirements (Denamo, 2005)  

1)  Workability: for fresh concrete mix the size and gradation of the aggregate reduced 

such that unnecessary labor in mixing and placing. 

2)  Strength and durability when hardened for which the aggregate should be: 

I. Be stronger than the required concrete strength. 

II. Contain no impurities which adversely affect strength and durability. 

III. Not go in to undesirable reaction with the cement. 

IV. Be resistant to weathering action. 

3)  Economy of the mixture –meaning to say that the aggregate should be: 

I. Available from local and easily accessible deposit or quarry 

II. Well graded in order to minimize paste hence cement requirement  

Aggregates have three basic functions (Denamo, 2005). 

1.  To provide a relatively cheap filler for the cementing material; 

2.  To provide a mass of particles  that  are suitable for resisting the action of applied loads, 

abrasion, the percolation of moisture, and the action of weather; and 

3.  To reduce the volume changes resulting from the setting and hardening process and 

from moisture changes in the cement-water paste. 
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2.3.1 Physical Properties of Aggregate 

Most  properties of aggregate depends on the properties of parent rock e.g. chemical and 

mineral composition, petrography classification, specific gravity, hardness, strength, 

physical and chemical stability, pore structure, color, etc. in addition, there are properties 

of aggregate absent in the parent rock: particle shape and size, surface texture and moisture 

content. All properties may have a considerable influence on the quality of fresh or 

hardened concrete (Nevile, 1999). Among these properties for this thesis only focus such 

as aggregate gradation, moisture content, specific gravity and bulk unit weight are 

important to proportion suitable concrete mixes. 

The properties of an aggregate to be considered while during selection of aggregate for 

concrete works are grading, shape, texture, specific gravity, bulk density, voids, porosity, 

moisture content, bulking and strength (Duggal, 2000).Those properties of aggregate 

affects significantly the resulting concrete quality produced as briefly explained under.   

2.3.2 Aggregate Gradation 

Grading is particle size distribution expressed as the percentages by mass passing a 

specified set of sieves.According to ACI E-701, Aggregate Grading refers to the 

distribution of particle sizes present in an aggregate. The grading is determined in 

accordance with ASTM C 136, “Sieve or Screen Analysis of Fine and Coarse Aggregates.” 

A sample of the aggregate is shaken through a series of wire-cloth sieves with square 

openings, nested one above the other in order of size, with the sieve having the largest 

openings on top, the one having the smallest openings at the bottom, and a pan underneath 

to catch material passing the finest sieve . The results of a sieve analysis are typically 

presented on a graph in the form of a grading curve with the log of the sieve aperture on 

the x-axis and the percentage of the total mass of aggregates which passes a particular sieve 

aperture on the y-axis. ACI E-701 stated that the portion of an aggregate passing the 4.75 

mm (No. 4) sieve and predominantly retained on the 75 μm (No. 200) sieve is called “fine 

aggregate” or “sand,” and larger aggregate is called “coarse aggregate”. 

There are several reasons for specifying grading limits and nominal maximum aggregate 

size, they affect relative aggregate proportions as well as cement and water requirements, 

workability, pump -ability, economy, porosity, shrinkage, and durability of concrete. 
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Variations in grading can seriously affect the uniformity of concrete from batch to batch. 

Very fine sands are often uneconomical; very coarse sands and coarse aggregate can 

produce harsh, unworkable mixtures. In general, aggregates that do not have a large 

deficiency or excess of any size and give a smooth grading curve will produce the most 

satisfactory results (Kosmatka, et al., 2003). 

2.3.3 Course- Aggregate Grading 

The grading for a given maximum-size coarse aggregate can be varied over a moderate 

range without appreciable effect on cement and water requirement of a mixture if the 

proportion of fine aggregate to total aggregate produces concrete of good workability. 

Mixture proportions should be changed to produce workable concrete if wide variations 

occur in the coarse-aggregate grading.  

Since variations are difficult to expect, it is often more economical to maintain uniformity 

in manufacturing and handling coarse aggregate than to reduce variations in gradation. The 

maximum size of coarse aggregate used in concrete has a bearing on the economy of 

concrete. Usually more water and cement is required for small-size aggregates than for 

large sizes, due to an increase in total aggregate surface area (Kosmatka, et al., 2003). 

2.3.4 Maximum Aggregate Size 

The maximum size of the coarse aggregate influences the paste requirements of the 

concrete, and the optimum grading of the coarse aggregate depends on the maximum 

aggregate size. The maximum size of coarse aggregate is the smallest sieve opening 

through which the entire sample passes.  

In practice, it is considered that if only a small amount of aggregate is retained on a sieve, 

it will not significantly affect the properties of the concrete. Thus, it is usual to use a 

nominal maximum size, which is the smallest sieve opening through which the entire 

sample is permitted to pass, but need not do so. A percentage (usually 5-10%) of the sample 

weight may be retained on this sieve. ASTM grading requirements are based on nominal 

maximum size (Sidney, et al., 2003).The largest maximum size of aggregate practicable to 

handle under a given set of conditions should be used. Using the largest possible maximum 

size will result in:  
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a) Reduction of cement content  

b) Reduction in water requirement  

c) Reduction of drying shrinkage (Ngugi, et al., 2014). 

2.3.5 Fine-Aggregate Grading 

The most desirable fine-aggregate grading depends on the type of work, the fruitfulness of 

the mixture, and the maximum size of coarse aggregate. In leaner mixtures, or when small-

size coarse aggregates are used, a grading that approaches the maximum recommended 

percentage passing each sieve is desirable for workability. In general, if the water-cement 

ratio is kept constant and the ratio of fine-to-coarse aggregate is chosen correctly, a wide 

range in grading can be used without measurable effect on strength. However, the best 

economy will sometimes be achieved by adjusting the concrete mixture to suit the 

gradation of the local aggregates (Kosmatka, et al., 2003). 

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

aggregates. Recycled sands require more fines than natural sands to achieve the same level 

of workability, probably due to the angularity of the manufactured recycled sands particles 

(Ngugi, et al., 2014). 

In the past two classes of fine aggregate were recognized but it has been shown that by 

adjusting the ratio of the fine to coarse aggregate a good concrete could be obtained with 

either classes of aggregate. In BS 882:1992 considers four grading zones; the division into 

zones is based primarily on the percentage passing the 600µm sieve. Furthermore, the 

content of particles finer than the 600 µm sieve has considerable influence on the 

workability of the mix and provides a fairly reliable index of the overall specific surface of 

the sand (Neville, 1999).  

Table 2.2 shows the grading requirement of BS and ASTM for fine aggregate. BS 882 

divides the grading in to four zones, zone 1 is coarser and zone 4 is finer. Grading zone 2 

and 3 is moderate grading zones and approach to ASTM standard.  
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Standard Sieve Size 

Percentage by weight passing sieves 

BS 882:1992 ASTM 

Standard 

C33-78 

BS ASTM 

No. 

Grading 

Zone 1 

Grading 

Zone 2 

Grading 

Zone 3 

Grading 

Zone 4 

9.5mm 3/4 in 100 100 100 100 100 

4.75mm 3/16in 90-100 90-100 90-100 95-100 95-100 

2.36mm 8 60-95 75-100 85-100 95-100 80-100 

1.18mm 16 30-70 55-90 75-100 90-100 50-85 

600 µm 30 15-34 35-59 60-79 80-100 25-60 

300 µm 50 5-20 8-30 12-40 15-50 10-30 

150 µm 100 0-10 0-10 0-10 0-15 2-10 

Table 2.3: BS and ASTM grading requirement for fine aggregate (Neville, 1999) 

Sand falling in to any of the above zone can generally be used in concrete although under 

some circumstances the suitability of the given sand may depend on the grading and shape 

of coarse aggregate. Subjected value of Coarse to fine aggregate ratio is given in Table 2.3 

as follows (Neville, 1999). 

Maximum Size of Coarse 

Aggregate 

Coarse/fine aggregate ratio for sand of different zone 

Zone 1 Zone 2 Zone 3 Zone 4 

mm in     

9.52 3/8 1 1.5 2 3 

19.05 3/4 1.5 2 3 3.5 

38.1 1 1/2 2 3 3.5 - 

Table 2.2: weight of Coarse to fine aggregates proportion for sand of different zones 

2.3.6 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 a specified 

series of sieves, divided by 100.  
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( . % )
Fineness modulus

100

cum of retain



………………...Equation.2.1 

The specified sieves are 75.0, 37.5, 19.0, and 9.5 mm (3, 1.5, 3/4, and 3/8 in.) and 4.75 

mm, 2.36 mm, 1.18 mm, 600μm, 300 μm, and 150 μm (No. 4, 8, 16, 30, 50, and 100). 

Note that the lower limit of the specified series of sieves is the 150 μm (No. 100) sieve and 

that the actual size of the openings in each larger sieve is twice that of the sieve below. The 

coarser aggregate size, the higher the FM. for fine aggregate used in concrete, the FM 

generally ranges from 2.0 to 3.3  as per defined  ACI E-701 and According to Ethiopian 

Standards ES C. D3. 201 the fineness modulus of fine aggregate in the range of 2.0-3.5 

with tolerance of ±0.2.In addition to this SANS 1083:2006 specified the fineness modulus 

in the range of 1.2 to 3.5 for fine aggregates that use in concrete production.  

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

but it is not an indication of grading since there could be an infinite number of grading 

which will produce a given fineness modulus. The following limits may be taken as 

guidance (Denamo, 2005). 

Category of sand Fineness modulus (FM) limit of sand 

Fine sand 2.2-2.6 

Medium sand 2.6-2.9 

Coarse sand 2.9-3.2 

Table 2.3: limitation of fineness modulus as guideline for different sand category 

Sand having a fineness modulus more than 3.2 will be unsuitable for making satisfactory 

concrete (Denamo, 2005). However, it is clear that one parameter, the average, cannot be 

representative of a distribution: thus the same fineness modulus can represent an infinite 

number of totally different size distributions or grading curves. Therefore, the fineness 

modulus cannot be used as a description of a grading of an aggregate but it is valuable for 

measuring slight variations in the aggregate from the same source that is as a day to day 

check (Neville, 1999). 
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2.3.7 Distribution of grain or particle sizes 

Many of the properties of a concrete mix depend on the distribution of grain or particle 

sizes within the stock aggregate. This is determined by subjecting a representative sample 

of the material to a sieve analysis using a standard set of sieve sizes, determining the 

cumulative percent of the sample that passes respectively smaller sieve openings and then 

plotting the percent passing versus grain size on a logarithmic scale. Grading of granular 

material will generally vary depending on the processes (geologic or engineering) that 

produced it. 

A concrete aggregate grading can fall within one of three nominal classifications. These 

are described below (Michael, 2014). 

Uniform: Aggregate consists of predominantly one particle size;  

Continuous (well graded): Aggregate contains particles across a wide range of sizes.  

Gap: Aggregate is deficient in one or more of the intermediate particle sizes. 

Gap graded aggregates have been found to create microstructural defects in the concrete as 

a result of internal bleeding and segregation. Galloway (1994) suggests that continuously 

graded aggregates with representative amounts of particles on each standard sieve size are 

most ideal and that a deficiency of particles of any size can lead to poor workability and 

possibly poor durability. 

Continuously graded aggregates with particles of all sizes may experience particle 

interference and a high degree of friction which may compromise workability. This is more 

prevalent in aggregates with poor shape such as crushed aggregates. Sometimes it is 

beneficial to use gap graded aggregates formed through combining a continuously graded 

fine aggregate with a nominally single sized coarse aggregate. Here the gap, which lies 

between the fine and coarse aggregate constituents, serves to reduce friction and particle 

interference (Alexander &Mindess, 2005). 

These nominal aggregate grading’s are represented schematically in Figure 2.1 and Figure 

2.2 gives representative grading curves for each.  
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In practice either gap or continuously graded aggregates are used. Which of the two is 

employed depends on the local practice which in turn usually depends on what is locally 

available (Alexander &Mindess, 2005). 

 

Figure 2-3: Schematic of (a) uniform grading, (b) continuous grading and (c) gap grading 

of concrete aggregate (Source: Alexander &Mindess, 2005).. 

 

Figure 2-4: Gradation curve for uniform, continuous & gap graded of Sands (source: 

Michael, 2014). 

2.3.8 Coefficient of uniformity and coefficients of curvature 

The Unified Soil Classification system is designates coarse-grained samples either well 

graded or poorly graded. This is determined by producing a grading curve for the sample, 
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Where Di is the particle size such that i % of all the particles are smaller and determined 

by using Equation 2.4. Determining the values of the critical particle sizes, D60, D30 and 

D10 that correspond to 60%, 30% and 10 % passing as shown in Figure 2.3, calculating 

the values of the coefficients of uniformity(Cu) and coefficients of curvature(Cc) and 

finally comparing these values to critical ranges to determine whether the material is well 

graded or poorly graded (Michael, 2014). 

 

Figure 2-5: Shows particle size distribution of FA (Source: Alexander & Mindess, 2005). 

In soil mechanics the coefficient of uniformity (Cu) and coefficient of curvature (Cc), given 

by Equation 2-2 and 2.3, is used to describe the soil grading by giving an indication of the 

slope of the grading curve (Crag, 2004). The name is misleading as the greater the value of 

Cu, the more continuously or “well” graded is the soil or aggregate sample. Beach sands 

have a Cu between 2 and 3 while continuously graded aggregates have a Cu of up to 15. 

These coefficients are calculated as shown below (source: Michael, 2014). 
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values of D60, D30 and D10 can be scaled from the gradation graph or they can be 

calculated from the gradation data using semi-linear interpolation with the following 

equation:  
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The term D10 is also known as the effective grain size and is related to soil classification 

as well as the soil’s permeability (the speed that water can seep through the soil) and its 

capillarity (the rise of water through a soil above the water table). Another important 

parameter, especially for evaluating concrete paving mixtures, is the Nominal Maximum 

Particle Size which is one sieve size larger than the first sieve to retain more than a 

cumulative 10% of a sample by weight. 

The final evaluation of grading is based on the Unified Soil Classification system’s 

grading criteria as presented in Table 2.5 below. In order to be classed as well graded, 

both criteria must be met.  

 

Criterion Material 

Gravel Sand 

Uniformity Cu > 4 Cu ≥ 6 

Curvature 1< Cc< 3 1 <Cc<3 

Table 2.4: Unified Soil Classification System (USCS) Criteria (source: Michael, 2014). 
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Features of test  Interpretation Range of Value 

Co-efficient of Curvature(Cc)   Well graded 1-3 

 

 

Co-efficient of Uniformity(Cu) 

(a)Well graded >5 

(b)Uniformity graded 1-5 

(c) poorly graded <1 

 

 

 

Zoning using sieve of 0.6mm 

Zone-1: Coarse sand (15-34)% 

Zone-2: Medium sand (35-50)% 

Zone-3: Medium to fine 

sand 

(60-79)% 

Zone-4: Fine sand (80-100)% 

Table 2.5: Sand quality criteria (Source: Crag, 2004 and Shetty, 2005) 

2.3.9 Unit weight /Bulk Density 

The unit weight or bulk density of an aggregate is the mass or weight of the aggregate 

required to fill a container of a specified unit volume. The volume referred to here is that 

occupied by both aggregates and the voids between aggregate particles (Kosmatka, et al., 

2003). The bulk density is used to convert quantities by weight to quantities by volume for 

batching concrete. It is depends upon their packing, the particles shape and size, the grading 

and the moisture content. For coarse aggregate a higher bulk density is an indication of 

fewer voids to be filled by sand and cement (Duggal, 2000). 

2.3.10 Factors Affecting Bulk Density or Unit weight 

ACI E-701 stated that bulk density depends on the moisture content of the aggregate. For 

coarse aggregate, increasing moisture content increases the bulk density; for fine aggregate, 

however, increasing moisture content beyond the saturated surface-dry condition can 

decrease the bulk density. This is because thin films of water on the sand particles cause 

them to stick together so that they are not as easily compacted. The resulting increase in 

volume decreases the bulk density. Other properties that affect the bulk density of an 

aggregate include grading, specific gravity, surface texture, shape, & angularity of 

particles. Angularity increases void content while larger sizes of well-graded aggregate & 
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improved grading decreases void content. The rodded bulk density of aggregates used for 

normal weight concrete generally ranges from 1280 to 1920 kg/m3.  

2.3.11 Specific Gravity (SG) 

The density of the aggregate is required in mix proportioning to establish weight-volume 

relationships. The density is expressed as the specific gravity, which is a dimensionless 

ratio relating the density of the aggregate to that of water (Sidney, et al., 2003). 

Density of Sand
SG

Density of Water


..................................................Equation 2.5

 

Because the aggregate mass varies with its moisture content, specific gravity is determined 

at fixed moisture content. According to ACI E-701 there are four moisture conditions are 

defined for aggregates depending on the amount of water held in the pores or on the surface 

of the particles. 

 Damp or wet:-Aggregate in which the pores connected to the surface are filled 

with water and with free water also on the surface. 

 Saturated surface-dry:-Aggregate in which the pores connected to the surface 

are filled with water but with no free water on the surface. 

 Air-dry:-Aggregate that has a dry surface but contains some water in the pores. 

 Oven-dry:-Aggregate that contains no water in the pores or on the surface.  

As pre ASTM C128, the bulk specific gravity is defined as the ratio of the weight in air of 

a given volume of a material at the standard temperature to the weight in air of equal 

volume of distilled water at the standard temperature. Bulk specific gravity determined on 

the saturated surface-dry basis is used if the aggregate is wet, that is, if its absorption has 

been satisfied. Conversely, the bulk specific gravity determined on the oven-dry basis is 

used for computations when the aggregate is dry or assumed to be dry.  

Specific gravity of aggregates generally is indicative of its quality because aggregates 

greatly influence the strength and absorption of concrete (Duggal, 2000).A low specific 

gravity may indicate high porosity and therefore poor durability and low strength because 

concrete density will greatly depend on specific gravity.   



 

27 

Most natural aggregates have relative densities between 2.4 and 2.9 with corresponding 

particle (mass) densities of 2400 and 2900 kg/m3 (Kosmatka, et al., 2003). 

2.3.12 Absorption and Surface Moisture 

2.3.12.1. Mixing Water and Water - Cementitious Material Ratio 

The various moisture states in which an aggregate may exist have been described 

previously. Two of these oven-dry and saturated surface-dry are used as the basis for 

calculations of specific gravity. Aggregates stockpiled on the job are occasionally in either 

of these states. They usually carry some free or surface moisture that becomes part of the 

mixing water. According to ACI E-701, freshly washed coarse aggregates contain free 

water but they dry quickly, because they are sometimes in an air-dry state when used, and 

they absorb some of the mixing water. The mixing water in a batch of concrete is all the 

water present in the concrete, with the exception of absorbed water within aggregate 

particles. As per defined ACI E-701, mixing water is the sum of the masses of free or 

surface moisture on the fine and coarse aggregate and the mass of water added separately 

on concrete mix. However, it is exclusive of any previously absorbed by the aggregate in 

freshly mixed sand-cement grout, mortar, or concrete. The w/c is the mass ratio of mixing 

water to cementitious material.  

2.3.12.2. Absorption and Total Moisture Content 

To calculate the mixing water content of concrete, the absorption of the aggregates and 

their total moisture contents must be known.  

Absorption represents the total water contained in the aggregate in the saturated surface-

dry condition and the surface moisture (or free moisture) is the water in excess at the 

saturated surface-dry state where as the total water content of a damp or moist aggregate is 

equal to the sum of absorption and surface moisture content. It should be noted that if the 

aggregates are dry they absorb water from the mixing water and by affect the workability 

and, on the other hand, if the aggregates contain surface moisture they contribute extra 

water to the mix and thereby increase the water/cement ratio. Both these conditions are 

harmful for the quality of concrete. In making quality concrete, it is very essential that 

corrective measures should be taken both for absorption and free moisture so that the 



 

28 

water/cement ratio is kept as exactly as per the mix design (Denamo, 2005).Absorption is 

computed as a percentage by subtracting the oven-dry mass from the saturated surface-dry 

mass, dividing by the oven-dry mass, and multiplying by 100. In concrete technology, 

aggregate moisture is expressed as a percent of the dry weight of the aggregate as per 

defined on ACI E-701. 

*100
WSSD WOD

Absorption
WOD


 …………………………….Equation.2.6 

Where: - WSSD= Weight of saturated surface-dry 

                                                   WOD= Weight of oven-dry 

2.3.13. Bulking of fine Aggregate 

The presence of free moisture on the surface of sand results in a phenomenon known as 

bulking. This is the increase in the volume of a given mass of fine aggregate caused by the 

films of water pushing sand particles apart (Neville, 1999, Gambhir, 2002). The extent of 

bulking depends on the percentage of moisture present on the sand and on its fineness. The 

increase in volume relative to that occupied by saturated and surface dry sand increases 

with an increase in the moisture content of the sand up to a value of some 5 to 8 percent, 

when bulking of 20 to 30 percent occurs. Upon further addition of water, the films merge 

and the water moves in to the voids between the particles so that the total volume of the 

sand decreases until, when fully saturated or flooded, its volume is approximately the same 

as the volume of dry sand for the same method of filling the container. Finer sand bulks 

considerably more and the maximum bulking is obtained at higher water content than the 

coarse sand. In the case of coarse aggregate, the increase in volume is negligible due to the 

presence of free water as the thickness of the moisture film is very small compared with 

particle size (Neville, 1999, Gambhir, 2002).Bulking doesn't affect the proportion of 

materials by weight. In the case of volume batching, bulking results in a smaller weight of 

sand occupying the fixed volume of the measuring. This result in mix deficient sand hence 

the concrete is prone to segregation and honeycombing. Therefore allowance for bulking 

of sand has to be considered during proportioning of sand (Neville, 1999, Gambhir, 2002). 
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2.3.14. Deleterious Substances in Aggregates 

Materials in aggregates, which may affect adversely the strength or durability of concrete, 

or reinforcement in concrete are termed deleterious materials. There are three broad 

categories of deleterious substances, these are:  

 Impurities interfering with the process of hydration of cement. 

  Coatings preventing the development of good bond between aggregate and the cement 

paste, and 

  Faulty particles which are weak or bring about chemical reaction 

The impurities in the form of organic matter interfere with the chemical reactions of 

hydration. These impurities are generally consisting of decayed vegetable matter (mainly 

tannic acid and its derivatives) and appearing in the form of humus or organic loam are 

more likely to be present in fine aggregate than coarse aggregate, which is easily washed 

(Gambhir, 2002). 

Clay and other fine materials in aggregate may affect the quality of concrete if present in 

excess amount. Clay may be present in the form of surface coatings which interfere with 

the bond between aggregate and the cement paste. Since good bond is essential to ensure a 

satisfactory strength and durability of concrete, the problem of clay coating is an important 

one. The other two fine materials which can be present in aggregate are silt and crusher 

dust. Silt is a material between 2μm and 60 μm reduced to this size by natural process of 

weathering; silt may thus be found in aggregate obtained from natural deposits washed 

(Gambhir, 2002). On the other hand, crusher dust is a fine material formed during the 

process of crushing rock into crushed coarse and fine aggregate. 

The soft or loosely adherent coatings can be removed by washing. The well –bonded 

chemically stable coatings have no harmful effect except the shrinkage may be increased. 

However, aggregates with chemically reactive coatings, even if physically stable, can lead 

to serious trouble.  Silt and fine dust, if present in excessive amount, increases the surface 

area of the aggregate and hence the amount of water required to wet all particles in the mix, 

thereby reducing the strength and durability of concrete (Gambhir, 2002). 
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Hence it is necessary to control the fine dust contents of aggregate as per the limitations 

set by the standards specified in the technical specification of the contract document.  

2.4. Fine Aggregate (Sand) 

2.4.1. General 

Sand is the one of the main constituents of concrete making about 35% of volume of 

concrete of concrete used in concrete in construction industry. The property of the 

aggregate greatly affects the property of the resulting concrete. An ideal aggregate would 

be one that is inert; but this is not the case for most. The physical, chemical, mechanical 

and thermal properties of aggregates manipulate the quality of the concrete. The use of 

aggregate in concrete greatly reduces the needed amount of cement, which is important 

from both technical and economical standpoints (Sandor, 2000). 

According to ACI E1-07 Aggregates may be broadly classified as natural or artificial, both 

with respect to source and to method of preparation. Natural sands and gravels are the 

product of weathering and the action of wind or water, while manufactured crushed fine 

aggregate and crushed stone coarse and fine aggregate are produced by crushing natural 

stone. Crushing, screening, and washing may be used to process aggregates from either 

sand and gravel deposits or stone quarries. Synthetic aggregates may be either by products 

of an industrial process, in the case of blast-furnace slag, or products of processes 

developed to manufacture aggregates with special properties, as in the case of expanded 

clay, shale, or slate used for lightweight aggregates.  

Aggregates can be further classified based on different basis but the most commonly used 

classifications are based on size as coarse and fine; mineralogy and petrography as Igneous, 

Metamorphic and Sedimentary; chemical composition as Argillaceous, Siliceous and 

Calcareous; weight as heavy, normal and light; source as natural and artificial; and finally 

based on particle size and shape. The last one is the most frequently used classification. 

Based on this classification, this research generally focuses only on the natural type of fine 

aggregates. On this basis, one can differentiate between the fine aggregates, consisting 

mostly of small particles, and the coarse aggregates, consisting mostly of large particles 

(Sandor, 2000).Fine aggregates often called sand according to BS 882 are of size not larger 
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than 5mm and that of coarse aggregate is with size at least 5mm, in addition to this 

according to ASTM E11 the fine aggregates are those with particles smaller than 4.75mm 

with regard to the physical properties of aggregates. These materials can be particularly 

effective at altering and modifying the concrete microstructure (Alexander &Mindess, 

2005).  

2.4.2. The effect of fine aggregates on the properties of concrete 

2.4.2.1. Effect of Grading  

Fine aggregate grading has a significant influence on the physical and chemical properties 

of concrete. If the fine aggregate is too coarse it will result in a harsh mix prone to bleeding 

and segregation. If it is too fine there will be a large surface area which will increase water 

demand and there may also be segregation (Galloway Jr., 1994; Alexander &Mindess, 

2005). There are particular size fractions in fine aggregates, of which a deficiency or 

surplus has significant adverse effects, particularly in fresh concrete. 

300 µm:  The coarseness of fine aggregates is determined by the percentage retained on 

the 300 µm sieve. In ASTM C33 allows for as little as 10 per cent of fine aggregates pass 

the 300 µm sieve. Too little of the minus-300 µm fraction can lead to harshness, a lack of 

cohesion and segregation. Too much will lead to a sticky mix with excessive water 

requirement (Alexander &Mindess, 2005). 

150 µm: This fraction has similar effects to the 300 µm fraction. Alexander and Mindess 

(2005) suggest a lower limit of 3 per cent passing the 150 µm to avoid problems segregation 

and bleeding. A larger amount of the minus 150 µm fraction can improve workability as 

they come between coarser particles and facilitate them sliding and rolling over one another 

(Alexander &Mindess, 2005). 

Sub-75 µm: Fines make a mix cohesive and therefore play a role in preventing segregation. 

The minus-75 µm fraction is the most important factor in controlling bleeding. However, 

too much of this fraction can lead to excessive water requirement (Alexander &Mindess, 

2005). 
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The grading of fine aggregates used in concrete has an effect on the water demand of the 

concrete, its porosity and its workability. Particles of the fine aggregate smaller than 

300µm have the greatest effect on these properties. It is generally assumed that the fine 

particles greater than this size contribute only by adding bulk and a level of coarseness to 

the concrete mix (Fulton, 2009). In terms of workability, fine aggregate lacking sufficient 

particles smaller than 300µm (fines) tend to cause concretes made with them to be non-

cohesive and bleed excessively. On the other hand, fine aggregates with excess fines tend 

to cause the concrete to be sticky and consequently reduce the concrete’s workability 

(Fulton, 2009). 

The very fine fraction of the fine aggregates, those particles smaller than 75µm (Ashman 

& Puri, 2002), absorbs and retains a relatively high quantity of water. This has both 

favorable and unfavorable effects on the concrete. By retaining a lot of water, this fraction 

of the aggregate controls the bleeding of the concrete and the negative effects associated 

with it, such as reduced strength and increased permeability. However, if an excess amount 

of particles smaller than 2µm is present in the concrete, it will have a higher water 

requirement. The consequences of this are excessive shrinkage in the concrete (Fulton, 

2009). 

According to ASTM C 33:2004, stated that the most desirable fine aggregate grading 

depends on the type of work, the richness of the mixture, and the maximum size of coarse 

aggregate. In leaner mixes or when small-size coarse aggregate are used, a grading that 

approaches the maximum recommended percentage passing each sieve is desirable for 

workability. In general, if the water-cement ratio is kept constant and the ratio of fine-to-

coarse aggregate is chosen correctly, a wide range in grading can be used without 

measurable effect on strength. However, the best economy will sometimes be achieved by 

adjusting the concrete mixture to suit the gradation of the local aggregates. 

In general, the influence of grading increases with decreasing cement content (Fulton, 

2009). In other words, grading will have little influence on the workability of concrete that 

has high cement content, and vice versa. Concrete mixtures with well-graded or optimized 

gradations have a less likely chance to segregate and will minimize finishing labor. The 

wear resistance of concretes with optimized gradations is greater than concretes with gap 
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graded aggregate. In addition, by optimizing gradation, the water to cementatious (w/c) 

ratio of a concrete mixture can be lowered, thus producing a stronger, less permeable, and 

more durable concrete.   

The workability and cohesiveness of a fresh concrete are strongly dependent on aggregate 

grading. Thus, provided other constituents are correctly proportioned, appropriate selection 

of aggregate grading will give a concrete that is easily compacted and, given suitable 

curing, is ultimately a dense concrete of good strength and durability (Alexander 

&Mindess, 2005). 

Variations in grading can seriously affect the uniformity of concrete from batch to batch. 

Very fine sands are often uneconomical; very coarse sands and coarse aggregate can 

produce harsh, unworkable mixtures (Kosmatka, et al., 2003). 

2.4.2.2. Effect of Silt/Clay Content (Micro-fine content) 

Sand: - sand is a product of natural or artificial disintegration of rocks and minerals is 

obtained from glacial, river, lake, marine, residual and wind-blown deposits. These 

deposits however do not only provide sand but also contain other materials such as dust, 

loam, silt and clay that are finer than sand. The presence of such materials in sand used to 

make concrete or mortar decreases the bond between the materials to be bound together 

and hence the strength of the mixture. The finer particles do not only decrease the strength 

but also the quality of the mixture produced resulting in fast deterioration.  

In general, clays are assumed to be made up of particles smaller than 2 µm diameters 

(Ashman &Puri, 2002)however, clays are distinct minerals and classifying them according 

to size does not necessarily provide a complete or accurate picture (although many types 

of clay are smaller than 2µm). The major property of clays that affects the properties of 

concrete is their activity (Fulton, 2009). The activity of the clay governs how much the 

clay shrinks or swells when dried or wetted. Clay with high activity is likely to cause the 

concrete to undergo excessive shrinkage or swelling.  

This effect is likely due to the fine particles filling the spaces between the coarser aggregate 

and slow down the flow of water in the concrete mix, this reduces bleeding (Fulton, 
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2009).Therefore it is necessary that one make a test on the silt/clay content and checks 

against allowable limits. 

2.4.2.3. Effect of Organic Matter  

Organic matter has the effect of retarding the hydration of cement and usually leads to a 

reduction in strength of concrete (Alexander &Mindess, 2005).  

There are three broad categories of organic matter in sands; humic, non-humic and organic 

contaminants (Tremblay, et al., 2002). The non-humic fraction consists of dead organisms 

and is made up of cellulose, hemicelluloses, sucrose, starch, proteins, amino acid, fats, 

waxes, resins, and organic acids (Tremblay, et al., 2002). The humic portion is made up of 

compounds formed when these materials are broken down by microorganisms and consists 

of alkanes, fatty acids, humic acid, and fulvic acid and humic. The final category, organic 

contaminants, is broad and consists of material not falling into the other two categories. An 

example of such a contaminant is manufactured material such as fertilizer. 

According to Tremblay, et al. (2002), investigate the effect of organic material on the 

properties of concrete by making a concrete mix and contaminating the fine aggregate with 

specific compounds. The concentrations of calcium (Ca), sodium (Na), potassium (K) and 

sulphates (SO4) were measured using atomic absorption techniques (Ca, Na, K) and ion 

chromatography (SO4). The reasoning behind measuring the fractions of these particular 

chemicals is as follows; Sodium and potassium are the main components of the cement 

solution. The formation of ettringite consumes calcium and sulphates, so high 

concentrations of these indicate a low level of hydration. Therefore, the most important 

characteristics to measure with regard to the hydration of cement are the concentrations of 

calcium and sulphates. 

2.5. Natural River Fine Aggregate (sand) 

Natural River sand: - is fine aggregate from the natural disintegration of rock and which 

has been deposit by streams or glacial agencies. It can be got from various source, river, 

run off, sand deposit etc. and most of the time contains high percentages of organic 

materials, chlorides, sulphates, silt and clay (i.e. sub 75μm) that adversely affect the 

strength and durability of concrete and reinforcing steel by reducing the life of structure 
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(Ngugi, et al., 2014). Because of high percentages of sand in hardened concrete and have 

an impact on cost effectiveness of the concrete. That is why the materials for construction 

should be sampled, inspected, tested and acceptance for use or be given if they meet the 

established standards in all respects. Fine aggregates such as sand used in concrete 

production may contain excessive silt and clayey contents as well as organic impurities 

that impact negatively on the quality of hardened concrete. 

Sand is the principal component of concrete, the critical construction material and deserves 

special attention when considering the means of process control. Unlike coarse aggregate 

where various types of crushers may be used to upgrade mineral quality, sand basically 

relies on the same techniques to address both mineral quality and sizing. These techniques 

are called particle exclusion. Whichever size the producer decides to eliminate for quality 

reasons, obviously, also affects the sizing (Langar, 2003). 

Being an important component for concrete, obtaining good quality natural sand is critical.  

These easily available natural resources usually accompany gravels which basically imply 

the deposits may not have been laid uniformly, meaning a potential change in quality and 

size is possible. In some deposits, sand found below the water table differs in fines content 

and quality from that found above the water table, due to this subsurface drilling, sampling, 

and testing are  necessary to know to what degree and where these differences occur 

(Langar, 2003). 

As naturally existing material sand may not exist in a pure state that is some very fine 

particles such as dust, silt and clay may intrude in it. According to BS 882, Impurities in 

building sands contribute to weak bond strength by allowing slip of reinforcement due to 

reduced friction and mechanical interlocking between concrete and reinforcement. These 

phenomena may causes damage of structure such as collapse of the structure. 

Collapse of buildings resulting to injuries, loss of lives and investments has been largely 

attributed to use of poor quality concrete ingredients. Use of poor quality construction 

materials (such as quality of sand, aggregates or water) result in poor quality structures and 

may cause structures to fail leading to injuries, deaths and loss of investment for 
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developers. Impurities in building sands contribute to reduced compressive strength 

(Ngugi, et al., 2014). 

To prevent failure (Collapse of buildings), careful selection of construction materials 

including building sands is paramount to ensure they meet the set construction standards. 

Impurities in sand impact negatively on compressive strength & bond strength between 

steel reinforcement & concrete and may cause buildings failure (Ngugi, et al., 2014). BS 

882 stated that aggregates for making concrete should be free of all sorts of impurities. 

Use of good quality building sands improve both operational and life-cycle performance 

of buildings by preventing frequent repairs and ensuring building’s long lifespan thus 

reducing overall investment cost (Ngugi, et al., 2014).   

Therefore concrete designers must provide adequate factor of safety to guard against 

structural failure as a result these impurities in building sand. Frequent testing of sand for 

construction purposes is highly recommended to ensure measures are put in place e.g. 

washing of sand in a bid to prevent collapse of buildings as a result of excessive levels of 

silt and clay content and organic impurities (Ngugi, et al., 2014).It is very important to 

control the quality of the aggregate to be used in concrete making. Most importantly, the 

effect of the clay/silt content of sand on the compressive strength of concrete must be 

controlled (Olanitori&Olotuah, 2005). There are two basic methods by which the effect of 

silt/clay content of sand on the compressive strength of concrete can be controlled. These 

are by washing the sand free of silt / clay or by adding some extra percentage of cement to 

neutralize the effect of the silt/clay content (Olanitori, 2006). But the most common method 

to remove the amounts of these fine particles of sand is washing with water (Langar, 2003).  

2.5.1. Fine aggregate sampling site/Area 

2.5.1.1 General 

Sands which used in concrete making in Addis Ababa surrounding towns are from different 

sources most likely have different properties. Some of available sands are Metehara, 

Butajira, Langano, Wanji, Mojo, Maki, Ambo & Walanciti sands. They called after the 

area name of where they are extracted. They all would have a wide range of properties; 
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from clays to sands, high and low Silt/Clay contents, chemical impurities as well as 

different colored sands with different origins. The natural sand will be washed to minimize 

the effect of organic materials, silt content & chemical impurities.  

For this research, we have been used is among the most commonly adopted and 

recommended sand types in Addis Ababa City is Metehara sand. The source place is found 

around lake Metehara which is located in east part of Oromia Regional Government, as 

shown in Figure 2.4. 

 

Figure 2-6: Location of Basaka Lake, a source for Matahar asand (Google M. 2019). 

 

Figure 2-7: Addis Ababa the Capital of Head Quarter of AU. (Google Maps, 2019). 



 

38 

2.5.1.2. Metehara sand sample 

Metehara sand is the second the most commonly used river sand in Addis Ababa cityand 

its surrounded Regional state, it is extracted from “Metehara” lake which is found in 

Metehara, Oromia Regional State of Ethiopia which is 150 km. 

 

Figure 2-8: Lake Basaka location of meteharasand (Google Maps, 2019). 

2.5.1.3. Butajira (werabe) sand sample 

Butajira sand is one of the most commonly used river sand in Addis Ababa cityand its 

surrounded Regional state; it is extracted from “Werabe” River which is found in Werabe, 

gurage zone of Southern Ethiopia Nations and Nationalities Regional State that is 153 km. 

 

Figure 2-9: Butajira Town location of Butajira sand (Google Maps, 2019). 
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2.5.1.4. Langano sand sample 

Langano sand is the third the most commonly used river sand in Addis Ababa city and its 

surrounded Regional state, it is extracted from “Langano” lake which is found in West 

Arsi, Oromia Regional State of Ethiopia which is 176 km. 

 

Figure 2-10: Lake Langano location of Langano sand(Google Maps, 2019). 

2.5.2. Quality of natural river fine aggregate 

Naturally existing fine aggregate material may not exist in a pure which means consist of 

some impurities. Impurities can be classified as solid materials or soluble substances. Solid 

materials are generally present in a very finely divided state, passing the 75-µm sieve (i.e. 

micro-fine material). Such material will appreciably increase the water requirements for 

workable concrete and reduce the abrasion resistance of hardened concrete if present in 

large amounts. Materials in this class are commonly silt, clay, rock dust, and organic matter 

(Sidney, et al., 2003). 

Silt is generally considered to be materials between 0.06 mm and 0.002 mm while Clay is 

materials less than 0.002 mm particle size (Adewuyi & Adegoke, 2008). It is the type of 

fine materials found in river sand comprising particles smaller than 60μm that are reduced 

because of the natural processes of weathering (Neville, 1999). Micro- fine material is not 

as strong as typical fine aggregates. In fresh concrete, they will interfere with the bonding 

of aggregates to cement. In hardened concrete, Sand used in concrete production may 
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contain excessive silt and clayey contents as well as organic impurities that impact 

negatively on the quality of hardened concrete. If this impurities comes in contact with 

water in air voids, it can shrink or swell, either building internal pressure (swelling) or 

leaving larger voids and weakening the concrete (i.e. shrinking) (Ngugi, et al., 2014).   

Micro fine material is always attached to the aggregate surface and is difficult to discard. 

Thus, the small size of silt combined with large surface area may increase the amount of 

water used in the concrete mix design. Conversely, the chemically reactive nature of micro 

fines may also affect the properties of the interface between the cement pastes and 

aggregate (Gullerud& Cramer, 2002). 

According to Olanitori (2006), states that the higher percentage of clay and silt content in 

sand used in concrete production was lower the compressive strength of the hardened 

concrete. 

According to Olanitori and Olotuah (2005), stated that the higher the clay and silt content 

in sand, higher cement dosage increment needed to maintain the compressive strength of 

concrete and he recommended carrying out a comparative cost analysis between the cement 

dosages increments used for sand with a particular clay/silt content, and washing the sand 

to reduce the clay/silt content, so as to determine which is more cost-effective to maintain 

the required compressive strength. 

Gambhir (2002), investigated on the Silt and fine dust and stated that if present in excessive 

amount, increases the surface area of the aggregate and hence the amount of water required 

to wet all particles in the mix, thereby reducing the strength and durability of concrete. 

Fulton (2009), investigated that fine aggregates with excess fines materials tend to cause 

the concrete to be sticky & consequently reduce the concrete’s workability.  

Consequently, in some cases, aggregates that do not meet code requirements may still be 

used in concrete production. Such aggregates in particular those derived from certain types 

of river sand are not only is gap-graded, but also contain high levels of fine materials. 

Hence, standard codes such as ASTM C33 have set a limit on the maximum amount of 

materials passing through the 75μm mesh sieve that cannot exceed 5% for fine aggregate 

that used for concrete production, British standard (BS) give a limit up to 4% (Olanitori & 
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Olotuah, 2005). Ethiopian standard (ES) limits silt content up to 6%. Fine aggregate 

containing more than the allowable percentage of Silt/Clay should be washed so as to bring 

the micro-fine content to within allowable limits. As a thumb rule according to ASTM C40, 

the total amount of deleterious materials in aggregates should not exceed 5%. In this thesis 

the effect is controlled by washind and adding of specific amount of silt materials to the 

mix. 

2.6. Compressive Strength of Concrete 

2.6.1 General 

The strength of a material is defined as the capability of the material to resist stress without 

failure (Fulton, 2009). The strength of hardened concrete is fundamental in structural 

design, and is widely used as an index to predict other concrete properties.  

The compressive strength of concrete is one of the most important and useful properties of 

concrete. The primary purpose for design concrete is to resist compressive strength in 

structural members, in general is the characteristic material value for classification of 

concrete.  

Strength of concrete is the commonly considered its most valuable property, although in 

many practical cases other characteristic, such as durability and impermeability, may in 

fact be more. 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 (Neville, 

1999). In addition, it has a great practical and economic significance because the sections 

and sizes of the concrete structures are determined by it. 

In addition to this, Strength is usually the basis for acceptance or rejection of the concrete 

in the structure. The specifications or code designate the strength (nearly always 

compressive) required of the concrete in the several parts of the structure. It is used in 

dams, foundations, columns, arches & tunnel linings where the principal loading is in 

compression. 

Strength is most of the time determined by means of test either cylinders and cubic test 

made of fresh concrete on the job tested in compression and tensile at various ages. The 
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requirement is certain strength at an age of 28 days or such earlier age as the concrete is to 

receive its full service load or maximum stress. 

Therefore, it is important to this work that the Recycled fines aggregate or recycled sand 

have on the strength of concrete have been investigated.  

2.6.2. Factors that affect the strength of concrete 

There are a multitude of variables that affect the strength of concrete. The factors that are 

likely to influence the strength of concrete are:- 

2.6.2.1 Porosity 

All concrete is porous to some extent, primarily because of excess water in the concrete 

mix. More water is added to concrete than is necessary for hydration in order to achieve 

acceptable workability.  

It is this excess water that remains unreacted in the concrete and results in pores (Fulton, 

2009). Pores introduce flaws into the concrete matrix, whereby stress is not transferred 

through the pores but through the adjacent concrete. This results in localized areas of higher 

stress than the surrounding concrete. At high stress, failure starts at these localized areas of 

increased stress. Strength therefore decreases with increasing porosity (Fulton, 2009).  

2.6.2.2 Aggregates  

Strength of concrete depends on the aggregate properties like strength of aggregate; shape 

and texture affect the concrete strength by the strength of aggregate, its effect on aggregate 

– cement paste bond and compaction. 

2.6.2.3 Aggregate paste interface  

The interface between the aggregate and the concrete has been found to be the weakest 

area in the concrete matrix (Fulton, 2009).  

A number of factors influence the strength of the aggregate-paste interface and therefore 

the overall strength of concrete (Fulton, 2009):  

• Water-to-cement ratio: It has been found that at lower water-to-cement ratios, the 

strength of the aggregate-paste interface increases.  
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• Age of concrete: The strength of the aggregate-paste interface has been found to 

increase with age, provided there is sufficient water. 

• Bleeding: Strength decreases with increased bleeding  

• Type of cementitious material: Materials containing very fine particles develop 

stronger aggregate-paste bonds due to the fine filler effect.  

• Ultra-fines in aggregates: It has been found that ultrafine material reduces bleeding 

and causes a fine filler effect at the aggregate-paste interface. Both of these effects will 

increase the strength of concrete.  

• Surface texture of aggregates: Strength has been found to increase with increasing 

roughness of aggregates. 

2.7. Workability of Concrete 

2.7.1 General 

As per defined Neville & Brooks (2010), Workability of concrete is the amount of useful 

internal work necessary to produce full compaction. The useful internal work is a physical 

property of concrete alone and is the work or energy required to overcome the internal 

friction between the individual particles in the concrete. 

 Slump Test  

The slump test is the most well-known and widely used test method to characterize the 

workability of fresh concrete. The inexpensive test, which measures consistency, is used 

on job sites to determine rapidly whether a concrete batch should be accepted or rejected. 

The test method is widely standardized throughout the world, including in ASTM C143 in 

the United States.  

The apparatus consists of a mold in the shape of a frustum of a cone with a base diameter 

of 200±1mm, a top diameter of 100±1mm, and a height of 300±1mm. The mold is filled 

with concrete in three layers of equal volume. Each layer is compacted with 25 strokes of 

a tamping rod. The slump cone mold is lifted vertically upward and the change in height 

of the concrete is measured (Neville & Brooks, 2010). 
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Four types of slumps are commonly encountered, as shown in Figure 2-6. The only type of 

slump permissible under ASTM C143 is frequently referred to as the “true” slump, where 

the concrete remains intact and retains a symmetric shape. A zero slump and a collapsed 

slump are both outside the range of workability that can be measured with the slump test. 

Specifically, ASTM C143 advises carefully in interpreting test results less than 12.5mm 

and greater than 225mm. If part of the concrete shears from the mass, the test must be 

repeated with a different sample of concrete. A concrete that exhibits a shear slump in a 

second test is not sufficiently cohesive and should be rejected (Wilby, 1991). 

Degree of 

workability 

Slump(mm) Application 

Very Low 0-25 Vibrated concrete in roads or other large sections. 

Low 25-50 Mass concrete foundations without vibration. 

Simple reinforced section with vibration 

Medium 50-100 Normal reinforced work without vibration and 

heavily reinforced sections with vibration 

High 100-180 Sections with congested reinforcement. Not 

normally suitable for vibration  

Table 2.6: Degree of Workability and Slump (Source: Neville & Brooks, 2010) 

 

Table 2.7: Apparatus for Slump test (Source: Wilby, 1991). 
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Table 2.8: Types of Slump (Source: Wilby, 1991). 

2.10. Splitting Tensile Strength of Cylindrical Concrete 

2.10.1 General 

Scope of this test method covers the determination of the splitting tensile strength of 

cylindrical concrete specimens, such as molded cylinders and drilled cores. This test 

method is under the jurisdiction of ASTM Committee C09 on Concrete and Concrete 

Aggregates and is the direct responsibility of users on Testing Concrete for Strength. 

Significance and use of splitting tensile strength is generally greater than direct tensile 

strength and lower than Flexural strength (modulus of rupture). Splitting tensile strength is 

used in the design of structural lightweight concrete members to evaluate the shear 

resistance provided by concrete & to determine the development length of reinforcement. 

 

Table 2.9: Aligning Concrete Cylindrical sample and Bearing Strips 
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Summary of Test Method 

This test method consists of applying a diametral compressive force along the length of a 

cylindrical concrete specimen at a rate that is within a prescribed range until failure occurs. 

This loading induces tensile stresses on the plane containing the applied load and relatively 

high compressive stresses in the area immediately around the applied load. Tensile failure 

occurs rather than compressive failure because the areas of load application are in a state 

of triaxial compression, thereby allowing them to withstand such higher compressive 

stresses than would be indicated by a uniaxial compressive strength test result. The 

maximum load sustained by the specimen is divided by appropriate geometrical factors to 

obtain the splitting tensile strength. 

Apparatus: Testing Machine—The testing machine shall conform to the requirements of 

Test Method C 39/C 39M and be of a type with sufficient capacity that will provide the 

rate of loading prescribed. 

Bearing Strips— Two bearing strips of nominal/8 in.[3.2 mm] thick plywood, free of 

imperfections, approximately1 in. [25 mm] wide, and of a length equal to, or slightly longer 

than, that of the specimen shall be provided for each specimen. Bearing strips shall not be 

reused.  

Test Specimens- The test specimens shall conform to the size, molding, and curing 

requirements. The following curing procedure used for evaluations of light- weight 

concrete: specimens tested at 28 days in an air-dry condition after 7 days moist curing 

followed by 21 days drying at 73.5 -3.5°F [23.0 -2.0°C] and 50 - 5 % relative humidity. 

2.8. Concrete Flexural Strength 

2.8.1. General 

Flexural strength tests were conducted in accordance with AASHTO T 97 and test results 

are summarized. Prismatic specimens were tested after 7, 14 and 28 days of moist curing. 

The 7-day flexural strengths of concrete made with modified aggregate gradations were 

compared to the flexural strengths of the concretes with expected 7 days flexural strength. 

For modified gradation mixture concretes with 50% and 100% RFA, the average 7-day 

flexural strengths were very comparable.  
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The results for three of the mixtures (MSR0F, MSR50F, MSR100F) showed some irregular 

trends that may reflect the in homogeneity of concrete, a difference in specimen moisture 

content, and/or a fluctuation in applied loading rather than actual variations in overall 

concrete strength. Fly ash may contributed to the development of higher flexural strengths 

in concrete containing50% and 100% RAC at later ages increasing the flexural strengths 

to levels that were similar to or higher than those of the control mixtures. 

Flexural strength is one measure of the tensile strength of concrete. It is a measure of an 

unreinforced concrete beam or slab to resist failure in bending. It is measured by loading 6 

x 6-inch (150 x 150x500-mm) concrete beams with a span length at least three times the 

depth. The flexural strength is expressed as Modulus of Rupture (MR) in psi (MPa) and is 

determined by standard test methods ASTM C 78 (two-point loading) or ASTM C 293 

(center-point loading). Flexural MR is about 10 to 20 percent of compressive strength 

depending on the material type used. However, the best correlation for specific materials 

is obtained by laboratory tests for given materials and mix design. The MR determined by 

third-point loading is lower than the MR determined by center-point loading, sometimes 

by as much as 15%. Designers of pavements use a theory based on flexural strength. 

Therefore, laboratory mix design based on flexural strength tests may be required, or a 

cementitious material content may be selected from past experience to obtain the needed 

design MR. Some also use MR for field control and acceptance of pavements. Very few 

use flexural testing for structural concrete. Agencies not using flexural strength for field 

control generally find the use of compressive strength convenient and reliable to judge the 

quality of the concrete as delivered. 

 

Figure 2-11: UTM for Aligning Concrete beams for flexural test (AASTU). 



 

48 

CHAPTER THREE 

3. Materials & Methods 

3.1. Introduction  

This chapter gives an overview of the procedures used in carrying out the research study 

as it pertains to method and instrument of collecting data and also the methods of analysis. 

3.2. Description of the study area 

The study area of this research was Addis Ababa city. It is the capital city of Ethiopia as 

well as centre for Oromia regional government, African Union and different national & 

international organizations. Its geographical coordinates are approximately 7o41'N latitude 

and 36o50'E longitude. The town is found in an area of average altitude, of about 5400ft 

(1780 m) above sea level. Addis Ababais the largest and older city in the central part of 

Ethiopia. It is surrounded by special zone of the Oromia Regional government as shown in 

figure 3.1. 

 

Figure 3-1: Addis Ababa city and surrounding towns. 

Today most of the oldest buildings are demolished and constructed with well-designed 

modern buildings. But the demolished concrete materials are destroyed and not collected 

to specific place as because it was unwanted material. Due to ineffective use of these 

https://en.wikipedia.org/wiki/Oromia_Region
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materials, there is wastage and environmental effect. Therefore, cost effective, efficient 

and time saving construction material usage is required. Among this re-cycling demolished 

concrete is one method. 

3.3. Study Design 

Laboratory experimental method was used for this research during the study period, in 

order to provide the most reliable proof by studied the quality of the raw material of 

concrete mainly quality of natural river fine aggregate and recycled fine aggregate. It was 

identified their effect on concrete properties such as workability, tensile, compressive and 

flexural strength of concrete. 

3.4. Sources of data 

Both primary data sources and secondary data sources will be used. The primary data will 

be gathered through laboratory output while secondary sources will be gathered from 

sources of law or international codes in Re-cycling demolished structures, journals, books, 

and dissertations. Primary sources of data for this study were a laboratory test experimental 

output and visual test. 

3.5 .Materials for Laboratory Experimental Works 

 Cement: - Type of Cement was used in the concrete mix was Dangote- Ordinary 

Portland cement (OPC) whose Cement Grade 42.5R which is commercially 

available cement. 

 Coarse aggregate: - “Sendafa bake” crushed stone with 25mm maximum nominal 

size that was commonly used in Addis Ababa city. 

 Sand: - The sand were collected from east shoa zone found in Metehara. Extracted 

from Beseka lake and the surrounding rivers. 

 Water: - Drinkable (potable) water was used from Ethiopian Institute of 

Architecture, Building Construction and City Development (EiABC) Civil 

Engineering Construction Materials Laboratory room water supply. 

3.6 Data collection procedures/ Laboratory Experimental Works Procedure 

The study mainly focuses on replacement of fine aggregate with secondary fine aggregate 

obtained from demolition and construction concrete waste as described above. In order to 
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fulfill the objectives stated, extensive laboratory experiments will be used. For this study 

demolished column, beam, slabs, footings, shear walls, mortar, plastering, floor finish 

screeds etc. In this case, the demolition will be made with machine and some parts of the 

building demolition made manual. 

3.6.1. Stage-1: Sampling preparation stage 

 Recycled Fine Aggregate (Sand) 

The raw materials of this research laboratory procedure are available at demolition site 

structures, construction site, production industries such as production of pre-cast structures 

and rehabilitation site structures like road, building, bridge in Addis Ababa. However for 

this specific laboratory test we have taken G+2 building demolition from Sengatera area 

which were constructed in 1978 E.C.  Material collected may contain fine aggregate, coarse 

aggregate, water, cement, foreign materials such as wood, rebar, plastics, dusts, etc. So 

before moving this demolished structures to the laboratory site we have made manual 

crushing into small pieces then dismantling work of foreign materials using hammers, and 

chiseling to transport to the laboratory. Using manual demolition & construction waste will 

be crushed until optimum aggregates size and quantities are obtained. All necessary 

material transported from crusher site to the laboratory. Other inputs needed such as fresh 

Natural River sand, Aggregate, cement, are also transported from their respective 

production site to the laboratory. 

 

Figure 3-2: Preparing sample on site from available demolition of concrete. 



 

51 

 Coarse Aggregate 

Coarse aggregate sample was washed to minimize or eliminate the effects of impurities of 

the coarse aggregate before used for concrete mix and sun dried as shown in figure3-3. For 

all the concrete mixes the same basaltic coarse aggregate “Sendafa crushed stone “was 

used. This aggregate is commonly used in the Addis Ababa city and the surrounding towns’ 

area. It is readily available and best simulates normal construction practice in the region. 

Using a single type of coarse aggregate ensured that any variations in concrete properties 

were not due to this material. 

 

Figure 3-3: washing the coarse aggregate sample and sun dried. 

 

Saturated surface dried sample was prepared to the laboratory experimental test of the 

coarse aggregate sample by using Sample Splitter as shown in figure 3.4. 

 

Figure 3-4: CA Sample preparation using Splitter for Laboratory Test. 
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 Fine Aggregate (Sand) 

The river sand sample used for all both sand properties test and recycled sand mixed with 

percent are the original sand samples to the concrete mix washed the sand samples.  

Sand test is used for identifying the properties of sand and the content materials obtained 

from the demolition & construction debris compared with natural sand. The natural river 

sand obtained is also tested and must full fill its minimum requirements. This process made 

at different percentages of reused fines by mixed with natural river sand material of having 

their own respective properties and in common the expected out puts are in common. 

 

Figure 3-5: washing in the 75μm sieve size & Check SSD of the sand samples. 

 

Figure 3-6: Material preparation process from sand samples. 
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Figure 3-7: Collected Silt/Clay materials and OPC. 

3.6.2. Stage -2: Laboratory tests on ingredient of concrete 

This includes testing of the cement, sand (recycled and fresh natural fines), workability, 

compressive strength, tensile strength & flexural strength. 

 Tests on CA according to ASTM and BS Standard Procedures. (i.e. sieve analysis or 

gradation, water absorption, unit weight, specific gravity, moisture content) 

  Tests on fine aggregate according to ASTM and BS Standard Procedures. (i.e. sieve 

analysis or gradation, water absorption, unit weight, specific gravity, moisture 

content bulking of sand and Silt/Clay Test of Sand sample).Sand test is used for 

identifying the properties of sand and the content materials obtained from the 

demolition & construction debris compared with natural sand. The natural river sand 

obtained should also tested and must full fill its minimum requirements. This process 

made at different percentages of reused fines by mixing with NFA material of having 

their own respective properties & the out puts are in common.  

 Tests on cement (i.e. Consistency test, initial and final setting time test and fineness 

of cement test). 

3.6.2.1. Tests on fine aggregates (Sands) 

 Grading Test  

The Sand was graded in accordance with ASTM C 117. This method was used to determine 

the particle size distribution of the coarse and fine aggregate down to 75µm. 2kg of the 
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Sand Sample being graded was collected from the bag where it was being stored. This 

material was then dried in an oven at 110±5 oC for 24 hours to ensure it was dry. It was 

then halved twice, using a Riffler apparatus similar to the one shown in Figure 3.8(a), to 

obtain a sample of 0.5kg.  

Both recycled & natural sand was weighed and washed through a 75µm sieve, using 

potable tap water, prior to the sieve analysis so that the micro-fines content would not affect 

the results. The washed sample then dried in the oven at 110±5 oC for 24 hours and then 

weighed, as before. The mass of material passing the 75µm sieve & retained on the pan 

could now be calculated as the difference in dried mass before and after washing the sand. 

The washed and dried sand sample was then sieved through a standard set of sieve sizes. 

Once the sand had been sieved, the mass of sand material retained on each sieve could be 

measured. This allows for the cumulative mass of sand passing each sieve size to be 

calculated after that plot grading curve with the cumulative percentage of sand passing 

each sieve size against sieve size. 

 Organic impurities Test 

This test was done in accordance with ASTM C 40. This test was used to determine the 

presence of deleterious organic impurities in fine aggregates. In the scope of this research, 

it is likely that some or all of the material collected will have been contaminated with 

organic material. It was therefore appropriate to carry out this test. According to ASTM C-

40, Organic impurities usually in the form of tannic acid and its derivatives are typically 

present in fine aggregates such as sand. These may interfere with the chemical reactions of 

hydration and may affect the strength of the concrete where the aggregate is being used. 

The results given by the colorimetric test of organic impurities serve as a warning that 

unacceptable levels of organic impurities may be present. 

In the test, a measured sample of fine aggregate was shaken with sodium hydroxide 

solution in a stoppered bottle and left to stand for 24 hours. The liquid above the test sample 

develops a color, which is compared directly with 5 standards colored glass in the disc to 

indicate the level of organic impurities present (i.e. test disc values are 1.2.3(standard),4 

and 5) as shown in figure 3.9.If the color of the liquid above the sample is lighter than the 

control (i.e. Plate No 3), it has passed the test, where as if the color of the liquid above the 



 

55 

sample was darker than the Plate No 3, it has failed the test, then the aggregate may possibly 

contain injurious organic impurities and further tests should be made before approving the 

aggregate for use in concrete. 

 

Figure 3-8: Organic impurities test of sand using colorimetric Testing method. 

 Silt/clay/dusty content Test 

Standard Test Method in order to determine the Materials Finer than 75µm (silt/clay 

material), by wet sieving method as specified by ASTM C117, This test method covers 

determination of the amount of material finer than a 75µm (#200) sieve in aggregate by 

washing. Clay particles and other aggregate particles that are dispersed by wash water, as 

well as water-soluble material, could be removing from the aggregate during the test. 

Material finer than 75µm (#200) sieve can be separated from larger particles much more 

efficiently & completely by wet sieving than dry sieving. This test takes place when 

accurate determination of material finer 75µm in fine aggregate are desired.  

 

Figure 3-9: washing the sand on 75µm sieve, dry sieve of washed sand. 
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This test method is used on the sample prior to dry sieving in accordance with ASTM C136. 

the result of this test method are included in the calculation in ASTM C136, In order to 

calculate the amount of material passing a 75µm (#200) sieve by washing method was 

showed in appendix-1.  

 Unit weight of Aggregates Test 

The unit weight is simply measured by filling a container of known volume and weighing 

it. Then, dividing the aggregate weight by the volume of the container provides the unit 

weight of the aggregate.  

 Specific Gravity & Absorption Capacity Test 

Since aggregates generally contain pores, both permeable and impermeable, the meaning 

of the term specific gravity has to be carefully defined, and there are indeed different types 

of specific gravity, like: apparent specific gravity and bulk specific gravity. Bulk specific 

gravity refers to total volume of the solid including pores of the aggregate, and Apparent 

specific gravity refers to the volume of the solid is consider to include the impermeable 

pores but not the capillary ones whereas, absorption capacity of the aggregate is the ability 

of the aggregate to absorb the mixing water. 

 Moisture Content of Aggregates Test 

The moisture content of fine aggregate was determined by Oven dry 500gm of fine 

aggregate (sand) for about 24hrs with a temperature of 105 °C to 110 °C and cool for an 

hour. Then, dividing the weight difference by oven dry weight and multiplying by hundred 

provide the moisture content.  

 Bulking of sand Test  

The bulking of sand was determine by taken sand sample in loose condition then filled, in 

a box of measured height after that the box is then flooded with water and rodding is done 

to make the sand settle and consolidate. The sand is then leveled in the box and the drop in 

height is measured so, the bulking percentage of the sand sample is simply divided drop 

height to initial height and multiply by 100.  
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3.6.3. Stage -3: Concrete mix design and Mixing of concrete 

 Concrete Mix Design and Materials Proportion 

In this research work, the ACI Method Concrete mix design is required for Mass concrete 

that will not be exposed to moisture in a severe freeze-thaw environment, for the specified 

compressive strength 21-35 Mpa. The target compressive strength (fcr’) is equal to fc’+ 

8.5. Therefore, fcr’= 25 + 8.5 = 33.5MPa. Concrete mix design was used to design C-25 

concrete grade having a 33.5MPa target mean strength with 0.5 of water to cement ratio 

mean while the value gained in cubical should be converted to equivalent cylindrical 

compressive strength. In addition to this, the slump was 25 to 50mm. On this base; three 

different types of mix-design was prepared based on sand sample types, among this mix 

design the 1st mix design prepared for the natural sand samples used (i.e. Metehara sand 

which cover 100% NFA content in mix design), the 2nd mix design was for the 50% RFA 

mixed with 50% NFA, the 3rd mix design prepared for RFA 100% fully covers the sand 

used in the mix design. therefore in a particular concrete mix only variables the natural 

washed sand amount related to recycled sand content added on the concrete mix however 

other parameters remains constant. For all the concrete mixes, the same w/c ratio was used. 

The aim of this was to ensure that any variations in the properties of the concrete were 

because of recycled fine aggregate properties used and not any external factors.  

The quantity of concrete materials was calculated by using the physical properties of the 

materials and Table 3.1 show the quantity of materials for one cubic meter for C-25 

concrete grade. The Standard cast iron molds of size 15cmx15cmx15cm are used in the 

preparation of concrete cubes for compressive strength tests.  

S/N Ingredient 

Parameter for 

concrete 

MSR0- 100% 

Metehara NFA & 0% 

RFA Sample Mass (kg) 

MR50-  50% NFA 

50%RFA Sample 

Mass (kg) 

MR100- 0% Metehara 

NFA & 100% RFA 

Sample Mass (kg) 

1 Water 154.37 218.28 285.2 

2 Cement 372 372 372 

3 NFA 833.08 417.18 .                            . 

4 RFA . 417.18 834.77 

5 Coarse Aggregate 1057.15 1038.42 1019.65 

Table 3.1: Concrete Mix -Design for 1 m3 of concrete 
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 Concrete mixing and Production Process 

The ingredients, such as; cement, fine aggregate (natural sand), Recycled fine aggregate 

(Artificial sand), coarse aggregate and water were measured to an accuracy of 0.1g balance 

as showed in Figure 3.11(a). After that the weighted coarse aggregate was first added on 

the large flat plate and the fine aggregate was added after the coarse aggregate and then the 

cement is added next to fine aggregate and dry mixed for a minute. Then, water was added 

to the dry mixed concrete ingredients mixture and thoroughly mixed for two more minute 

as showed Figure 3.13 (a and b). 

Mixing of concrete by varying the sand at 0%, 50%, and 100% of Recycled Fine Aggregate 

amount of the mix but cement, coarse aggregate and water are constant for all C-25 

concrete mix. We have used equal amount of fines that was already retained on the 75μm 

sieve equivalent to their mix weight to form a fine aggregate for concrete mix design. No 

admixtures were used, as there were concerns that the admixtures may react differently 

with the recycled and natural sand. By not using admixtures, any affects that recycled 

materials of the sand had on the properties of concrete could be attributed to the recycled 

sand itself and not a reaction due to combination of FA and an admixture.  

The concrete molds, large flat plat and slump test tools were cleaned from all dust and the 

concrete molds coated with releasing agent (oil) to smooth the surface and to prevent 

sticking of mixed concrete with the mold as shown Figure 3.10 (a, b, c and d). 
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Figure 3-10 (a) concrete molds coated with oil, (b) Cleaned tools for slump test. 

 Slump & Concrete cube casting for compressive strength testing 

Workability test is used for freshly mixed concrete to determine whether the concrete is 

properly mixed, placed, consolidated, and finished without segregation. Slump test will be 

used as a measurement of workability. 

After checked the slump the mixed concrete was placed in the mold and was well 

compacted in three layers with the help of a tape rode by rodding each layer with 25 times 

and as well as Side compaction of the molds was carried out by using tire hammer 

according to ASTM C143as shown in Figure 3.14(a).Between each mix, the tools were 

cleaned using tap water to ensure that there was no contamination between the mixes. 

For each mix, prepare 3 cubes molds having (150mmx150mmx150mm) size & 27 cubes 

samples were cast for compressive strength testing as shown in Figure 3.14(b). 

.  

Figure 3-11 Checking workability, Casting of concrete cubes. 
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De-molding Specimen and coding (identification) of the sample concrete cubes 

The concrete mix was casted in the molds for the first 24 hours. After that, the concrete 

was removed from the molds but removing the cubic mold with a great care to prevent any 

damage, external and internal, to the specimen. 

After that Coding the concrete cube samples based on washed sand (control sample) and 

washed recycled sand was categorized samples 1 to 3. For example: Sample 1controlled 

Metehara Sand Sample contained 0% Recycled sand for day 7 (MSR0C
71,MSR0C

72 AND 

MSR0C
73 cubes), for day 14 (MSR0C

141, MSR0C
142 AND MSR0C

143 cubes), for day 28 

(MSR0C
281, MSR0C

282 and MSR0C
283 cubes), Sample 2 controlled Metehara Sand Sample 

contained 50% Recycled sand for day 7 (MSR50C
71, MSR50C

72 AND MSR50C
73 cubes), 

for day 14 (MSR50C
141, MSR50C

142 AND MSR50C
143 cubes), for day 28 (MSR50C

281, 

MSR50C
282 and MSR50C

283 cubes), Sample 3controlled Matahara Sand 

SampleReplaced100% Recycled sand for day 7 (MSR100C
71, MSR100C

72 AND MSR100C
73 

cubes), for day 14 (MSR100C
141, MSR100C

142 AND MSR100C
143 cubes), for day 28 

(MSR100C
281, MSR100C

282  and MSR100C
283 cubes),  

 Curing of the Concrete cube samples  

The concrete cubes were cured by immersion in water in the curing tank for 28 day at a 

temperature of 23 ± 1oC for curing to take place until the testing age was reached as shown 

in figure 3.16. 

  

Figure 3-12 Curing the cubic concrete sample by immersion in water tanker. 
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3.6.4. Stage-4: Compressive strength testing of the concrete cubes 

After 28 days curing period the concrete cubes specimens was removed from the water 

bath then placed in dry surface until the specimens was surface dried while weighted 

concrete cubes specimens in order to determine the unit weight of the concrete cube 

Finally, the specimens was tested by using “Wizaro Basic” a Digital readout ,UTM. 

Loading Rate for 150 mm cube was 140 kg/cm2 per minute till the Specimens fails. Figure 

3.29 shown in stage of compressive strength test of concrete cubes. 

 

Figure 3-13: SSD cube samples; Weighting of cube samples & strength test 

 slump & Concrete cylindrical casting for tensile strength testing 

  

Figure 3-14: SSD cube samples; Weighting of cylindrical samples & strength test 
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Figure 3-15: Curing the cylindrical concrete sample immersion in water tanker. 

The same procedures of slump test discussed in cube test will be followed. After checked 

the slump the mixed concrete was placed in the mold & was well compacted in three layers 

with the help of a tape rode by rodding each layer with 25 times and as well as Side 

compaction of the molds was carried out by using tire hammer according to ASTM C143. 

For each mix, prepare cylindrical molds having (150mmx300mm) size and totally Twenty 

seven cylindrical samples were cast for splitting tensile strength.  

 De-molding Specimen & coding of the sample cylindrical concrete  

The concrete mix was casted in the molds for the first 24 hours. After that, the concrete 

was removed from the molds but removing the cylindrical mold with a great care to prevent 

any damage, external and internal, to the specimen as shown in figure 3.15 (a). 

After that Coding the concrete cylindrical samples based on washed sand (control sample) 

and washed recycled sand was categorized samples 1 to 3. For example: Sample 1: 

controlled Metehara Sand Sample contained 0% Recycled sand for day 7(MSR0T
71, 

MSR0T
72 AND MSR0T

73 cubes), for day 14 (MSR0T
141, MSR0T

142 AND MSR0T
143 

cubes), for day 27 (MSR0T
271, MSR0T

272 and MSR0T
273 cubes), Sample 2 controlled 

Matahara Sand Sample contained 50% Recycled sand for day 7 (MSR50T
71, MSR50T

72 

AND MSR50T
73 cubes), for day 14 (MSR50T

141, MSR50T
142 AND MSR50T

143 cubes), for 

day 27 (MSR50T
271, MSR50T

272 and MSR50T
273 cubes), Sample 3controlled Matahara 

Sand Sample Replaced 100% Recycled sand for day 7 (MSR100T
71, MSR100T

72 and 
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MSR100T
73 cubes), for day 14 (MSR100T

141, MSR100T
142 and MSR100T

143 cubes), for day 

27 (MSR100T
281, MSR100T

282  and MSR100T
283 cubes),as shown in figure 3.15(b). 

 Curing of the Concrete cylindrical samples  

The concrete cylindrical were cured by immersion in water in the curing tank for 28 day at 

a temperature of 23 ± 1oC for curing to take place until the testing age was reached as 

shown in figure 3.16. 

3.9.4. Stage-5: Tensile strength of the cylindrical concrete cubes 

At the age of 7, 14 and 28 days curing period the cylindrical concrete specimens was 

removed from the water bath then placed in dry surface until the specimens was surface 

dried while weighted concrete cylindrical specimens in order to determine the unit weight 

of the concrete cylindrical specimens. Finally, the specimens were tested by using “Wizaro 

Basic” a Digital readout, Universal Testing Machine. 

Marking— Draw diametral lines on each end of the specimen using a suitable device that 

will ensure that they are in the same axial plane  

Measurements— determine the diameter of the test specimen to the nearest 0.01 in. [0.25 

mm] by averaging three diameters measured near the ends and the middle of the specimen 

and lying in the plane containing the lines marked on the two ends. Determine the length 

of the specimen to the nearest 0.1 in. [2 mm] by averaging at least two length measurements 

taken in the plane containing the lines marked on the two ends. 

Positioning Using Marked Diametral Lines— Center one of the plywood strips along 

the center of the lower bearing block. Place the specimen on the plywood strip and align 

so that the lines marked on the ends of the specimen are vertical and centered over the 

plywood strip. Place a second plywood strip lengthwise on the cylinder, centered on the 

lines marked on the ends of the cylinder. Rate of Loading—Apply the load continuously 

and without shock, at a constant rate for 150 x300 mm cylindrical cube was 140 kg/cm2 

per minute splitting tensile stress within the range 100 to 200psi/min [0.7 to 1.4 MPa/min] 

until failure of the specimen. Record the maximum applied load indicated by the testing 

machine at failure. Note the type of failure and the appearance of the concrete. 
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Figure 3-16: (a) SSD cube samples, Weighting of cylindrical samples & strength test 

 

Figure 3-17: Marking & Positioned in a UTM for Splitting Tensile Strength Testing 

 Slump Testing & Concrete casting for flexural strength testing 

The same procedures of slump test discussed in cube test will be followed. After checked 

the slump the mixed concrete was placed in the mold and well compacted in three layers 

with the help of a tape rode by roding each layer with 25 times and as well as Side 

compaction of the molds was carried out by using tire hammer. For each mix, prepare 

cylindrical molds having (150mmx150x500mm) size and totally Twenty seven cylindrical 

samples were cast for Flexural strength testing as shown in figure 3.19. 
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Figure 3-18: Casting of beams for Determination of flexural Strength 

This beam specimens must be properly made. Consolidate by vibration in accordance with 

ASTMC 31 and tap sides to release air pockets. For higher slump, after rodding, tap the 

molds to release air pockets and spade along the sides to consolidate. Never allow the beam 

surfaces to dryat any time. Immerse in saturated lime water for at least 20 hours before 

testing. Specifications and investigation of apparent low strengths should take into account 

the higher variability of flexural strength results. There is a high likelihood that testing 

problems, or moisture differences within a beam caused from premature drying, will cause 

low strength. Where a correlation between flexural and compressive strength has been 

established in the laboratory, core strengths by ASTM C 42 can be used for compressive 

strength to check against the desired value using the ACI 318 criteria of 85 percent of 

specified strength for the average of three cores. It is impractical to saw beams from a slab 

for flexural testing. Sawing beams will greatly reduce measured flexural strength and 

should not be done. In some instances, splitting tensile strength of cores by ASTM C 496 

is used, but experience is limited on how to apply the data. Another procedure for in-place 

strength investigation uses compressive strength of cores calibrated by comparison with 

acceptable placements in proximity to the concretein question: 

The concrete industry and inspection and testing agencies are much more familiar with 

traditional cylinder compression tests for control and acceptance of concrete. Flexure can 

be used for design purposes, but the corresponding compressive strength should be used to 
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order and accept the concrete. Anytime trial batches are made; both flexural and 

compressive tests should be made so that a correlation can be developed forfield control. 

De-molding Specimen and coding (identification) of the sample cylindrical concrete  

The concrete mix was casted in the molds for the first 24 hours. After that, the concrete 

was removed from the molds but removing the cylindrical mold with a great care to prevent 

any damage, external and internal, to the specimen as shown in figure 3.35.  

  

Figure 3-19: Casting of beams for Determination of flexural Strength 

After that Coding the concrete cylindrical samples based on washed sand (control sample) 

and washed recycled sand was categorized samples 1 to 3. For example: Sample 1: 

controlled Matahara Sand Sample contained 0% Recycled sand for day 7 (MSR0F
71, 

MSR0F
72 AND MSR0F

73 cubes), for day 14 (MSR0F
141, MSR0F

142 AND MSR0F
143 

cubes), for day 28 (MSR0F
281, MSR0F

282 and MSR0F
283 cubes), Sample 2 controlled 

Matahara Sand Sample contained 50% Recycled sand for day 7 (MSR50F
71, MSR50F

72 

AND MSR50F
73 cubes), for day 14 (MSR50F

141, MSR50F
142 AND MSR50F

143 cubes), for 

day 27 (MSR50F
281, MSR50F

282 and MSR50F
283 cubes), Sample 3controlled Matahara 

Sand Sample Replaced 100% Recycled sand for day 7 (MSR100F
71, MSR100F

72 and 

MSR100F
73 cubes), for day 14 (MSR100F

141, MSR100F
142 AND MSR100F

143 cubes), for day 

28 (MSR100F
281, MSR100F

282  and MSR100F
283 cubes),as shown in figure 3.21. 
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Figure 3-20: Removing of concrete cube, and weight for test. 

 Curing of the Concrete cylindrical samples  

The concrete cylindrical were cured by immersion in water in the curing tank for 28 day at 

a temperature of 23 ± 1oC for curing to take place until the testing age was reached as 

shown in figure 3.22. 

 

Figure 3-21: Curing the cylindrical concrete sample by immersion in water tanker. 

3.6.5. Stage-6: Analysis and discussion 

1. Compare and contrast of the quality of the river sand samples, discussed on the 

using of effect of recycled sand content on the compressive strength and 

workability of the concrete. 

2. Analysis and discussion of each result by using Tables, Bars, Charts and Graphs. 

Generally for this research, three sands samples were composed from different source and 

their properties evaluated in terms of their grading (i.e. Particle size distribution), micro 
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fines content, organic impurities, specific gravity, water absorption and moisture content. 

It was found that the sands exhibit a wide range of properties, with a wide range of grading 

characteristics and Recycled fine aggregate contents. RFA contain of the sands sample 

were identified for: 

1. Material (Ingredient) tests of MSR0I, MSR50I, & MSR100I, sand samples for concrete 

molds have been identified.  

2. Mix design of MSR0, MSR50,& MSR100, sand samples for concrete of each test molds 

have been identified 

3. Workability tests of MSR0W,MSR50W,&MSR100W, sand samples for concrete each 

molds have been identified.  

4. Compression tests ofMSR0C,MSR50C, & MSR100C,sand samples for concrete cube 

molds have been identified.  

5. Tensile tests of MSR0T,MSR50T, & MSR100T, sand samples for concrete cylindrical 

specimens have been identified.  

6. Flexural tests of MSR0F, MSR50F, & MSR100F, sand samples for beam have been 

identified. 

These samples of sands and tests were collected in order to develop a fuller picture and a 

better understanding of the using Recycled sand on concrete property when used as fine 

aggregate. Furthermore, by investigating the influence that these sands have on concrete 

property, the key sand properties that have the greatest effect on the performance of 

concrete can be identified. 
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CHAPTER FOUR 

4. Results and Discussion 

4.1. Cement Property 

Ordinary Portland Cement (OPC) Dangote 42.5R Cement Grade was used throughout the 

experiment which is commercially available in Addis ababa city around kera. The fineness 

and the consistency of hydraulic cement is shown in Appendix 1 table A1.1. The summary 

physical property of cement as shown below in Table 4.1 

Material Type of Cement Types of cement test Test result 

 

 

 

 

CEMENT 

 

 

Ordinary Portland 

Cement 

(OPC) 

-Fineness of cement 95% passing 

-Cement Consistency test 

 W/C ratio (%) 

 Water (gm) 

 Penetration (mm)  

 

32% 

160 

9.5 

Setting Time Initial 1hr. 32min.  

Final  4hr. 20min. 

Specific gravity 3.15 

Table 4.1: Summary of the Physical Properties of Dangote cement 

4.2. Coarse Aggregate Property 

The coarse aggregate used for this research was basaltic crushed rock from “Sandafa 

crushed stone” found in Oromia regional state of Ethiopia which is located around 30km 

from Addis Ababa city. The size of coarse aggregate used for experimental investigation 

was a maximum size of 37.5 mm diameter aggregate was used in all the concrete mix 

design because using a single type of coarse aggregate ensured that any variations in 

concrete properties were not due to this material. This aggregate is commonly used in the 

Addis Ababa city and its surrounding. It is readily available and best simulates normal 

construction practice in the region. Typical coarse aggregate gradation, unit weight & its 

curve are shown in Tables A1.2, TableA1.3 and Figure A1.1, respectively in Appendix -I. 

In this study the physical properties of coarse aggregate test results are shown below in the 

Table 4.2.  
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The coarse aggregate sample as shown in Table A1.2, the sample within the  size of the 

limitation that provided by ASTM C 33:2004, this shows is best graded sample; the specific 

gravity, Moisture content and particle size distribution of the coarse aggregate was showed 

in appendix-I. 

Source of 

Sample 

Material Type Types of Test Test Result 

 

 

 

SANDAFA 

CRASHED 

STONE 

 

 

 

COARSE 

AGGREGATE 

Unit 

Weight 

Compacted 1678 Kg/m3 

Loose  1567 Kg/m3 

 Bulk 

specific 

gravity  

Oven-dry 2.842 

Saturated & Surface dry 2.900 

Apparent  3.016 

Water Absorption Capacity  2.034 % 

Moisture Content  1.448% 

Fineness Modules  7.2712 

Size of 

Aggregate 

Max. Size 37.5mm 

Nominal Max. Size 25mm 

Silt/Clay content 0% 

 

Table 4.2: Summarized test results of “Sandafa” Crushed Stone/Coarse Aggregate 

 



 

71 

 

 

Figure 4-1: Sieve analysis of the crushed stone (coarse aggregate) sand sample based on 

ASTM and BS Standard. 

4.3. Fine Aggregates Property 

The fine aggregate used in the concrete productions was natural river sands (NFA) and 

recycled sand (RFA). They were dried to saturated and surface dry (SSD) state before any 

test was carried out. In addition to this, all fine aggregate which retain on 9.5mm sieve size 

were no longer relevant, and all the passing fine aggregate were used for experimentation. 

Then, the following tests were conducted for each source of fine aggregates. 
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4.3.1. Properties of washed NFA of Metehara Sand Sample (MSR0) 

 Sieve Analysis  

According to ASTM C 33, the gradation result of the MSR0 sample was out of range on 

4.75 mm to 2.36 mm sieve size but according to BS 882 the sample was in satisfactory 

condition as shown above in Table A1.5 and the grading curve showed in Figure 4.2.  

 

Figure 4-2: Sieve analysis of the NFA (MSR0) sand based on ASTM & BS Standard.. 

A detailed sieve analysis of the MSR0 was found in appendix-1 in Table A1.5 and the 

grading curve was showed in figure A1.2 and A1.3 according ASTM and BS grading 

requirement respectively. 

Fineness Modules of the MSR0 sample is 3.429 which is greater than 3.2, for this reason 

the sample was no in range for the classification that shown in Table 2.4, on the other hand 

this show that the sand sample was the coarsest sand sample. 
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Particle Size Distribution of (MSR0) Sand Sample   

Table 4.3: Summarized test results for Metehara sand (MSR0) 

The coefficient of uniformity (Cu) and coefficient of curvature (Cc) of the MSR0 sample 

was 7.3056 and 0.8500 respectively; however the sand sample was only satisfactory the 

criteria for the Cu value but not in range for Cc value even-though more approximate to 

the value that provided in Table 2.5 and Table 2.6 though the MSR0 sample was well graded 

and also gap-graded sand sample as shown above in Table 4.3 and Figure 4.3 showed below 

and also shown in a detailed in Table A1.8 and Figure A1.8 in the appendix-I. The physical 

source Material Type Types of Test Test Result 

 

 

 

 

 

 

METE

HARA 

(MSR0) 

 

 

 

 

 

 

Fine 

Aggregate/Sand 

 

Unit 

Weight ` 

Compacted 1677.7Kg/m3  

Loose  1566.6Kg/m3 

 Bulk 

specific 

gravity  

Oven-dry 2.511 

Saturated & Surface dry 2.561 

Apparent  2.642 

Water Absorption Capacity  1.978% 

Moisture Content  1.448% 

Fineness Modules  3.434 

Silt/Clay content 4.0% 

Bulking of Sand 5.041%  

coefficient of uniformity (Cu) 7.306 

coefficient of curvature (Cc) 0.8500 

Zone I 

Organic impurities test  Pass 
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properties all sand samples were determined in the same procedure, while the summarized 

physical properties of the MSR0 sample was showed in Table 4.13. 

4.3.1. Properties of half Metehara sand and half recycled sand sample (MSR50) 

 Sieve Analysis  

According to the gradation result of the MSR50 estimated sample is within the range of 

sieve size distribution according to for both ASTM and BS 882 the sample was satisfactory 

condition. The expected sieve analysis of fine aggregate used for the experiment is shown 

in Table A1.6 and Figure A1.4 and A1.5. Therefore, based on BS specification as shown 

in Table 4.4 and figure 4.4 below, the grading of the MSR50 sand sample has failed under 

zone one which is Coarsest Sand. In addition to this, according to Crag R.F. (2004) the 

percentage pass on 600µm sieve size is (15-34) % then the sand sample is Zone-1 while 

the sample has 32.9% passed on 600µm sieve size, therefore this also show that the sample 

is Zone-1. 

 

Figure 4-3: Sieve analysis of the MSR50 sand based on ASTM and BS Standard. 

Fineness Modules of the MSR50 sand sample is 3.415, this can be interpreted that the third 

sieve, i.e. 600µ m is the average size. However, depending upon their size, sand can be 
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classified as coarser sand when a fineness modulus is greater than 3.20; medium sand with 

a fineness modulus of 2.60 to 2.90 and; fine sand with a fineness Modulus of 2.20 to 2.60 

as shown in Table 2.4. Sand have FM less than 2.0 is very fine sand but the FM greater 

than 3.2 is very coarser sand. The MSR50 sand sample as 3.415 fineness modules that 

greater than 3.2 for this reason the sample was the coarsest sand of the classification, on 

the other hand this show that the sand sample was the coarsest property sand sample.  

A detailed sieve analysis of the MSR50 was found in appendix-1 in Table A1.4 and A1.5 

the grading curve was showed in figure A1.5 and A1.6 according ASTM and BS grading 

requirement respectively. 

 Particle Size Distribution of MSR50 Sand Sample   

The Particle Size Distribution of MSR50 Sample was determine by using Equ.8A, Equ.9A 

and Equ.10A in appendix; therefore the coefficient of uniformity (Cu) and coefficient of 

curvature (Cc) are 7.2513 and 0.9672 respectively; however the sand sample was 

satisfactory the criteria for Cu and Cc values are more approximate to the value that 

provided in Table 2.5 and Table 2.6 though the MSR50 sand sample was well graded and 

also gap-graded sand sample. The Particle Size Distribution of MSR50 Sand sample as 

shown in above Table 4.14 and Figure 4.41 below and also in a detailed in the appendix-I 

Source of 

Sample 

Material 

Type 

Types of Test Test Result 

 

 

 

 

MSR50 

 

 

 

 

Fine   

Unit 

Weight 

` 

Compacted 1538.89kg/m3  

Loose  1400.0Kg/m3    

 Bulk 

specific 

gravity  

Oven-dry 2.166 

Saturated & Surface dry 2.328 

Apparent  2.585 
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Table 4.4: Summarized test results for half NFA sand & half RFA sand (MSR50) 

4.3.5. Properties of Recycled Fine Aggregate Sample (MSR100) 

 Sieve Analysis  

According to ASTM C33, the gradation result of the MSR100 sample was out of range on 

1.18 mm and 600μm sieve size but according to BS 882 the sample was in satisfactory 

condition. The grading requirements according to ASTM C 33 and BS including 

percentage passed of MSR100 sample that used for the experiment is shown above in Table 

A1.7 and Figure A1.6 andA1.7 whereas the BS zoning of sand specification as shown in 

Table 4.11 and Figure 4.7 below, the grading of the ASU sample has failed under zone four 

which mean that sample is finest Sand. In addition to this, as per defined Crag (2004), the 

percentage passed on 600µm sieve size is (80-100) % then the sand sample is Zone-4 

whereas the MSR100 sample has 80.8% passed on 600µm sieve size, therefore this also 

show that the sample is Zone-4. 

Aggregate/

Sand 

Water Absorption Capacity 7.488% 

Moisture Content  4.450% 

Fineness Modules  3.415 

Silt/Clay content 2.545% 

Bulking of Sand 9.102% 

coefficient of uniformity (Cu) 7.2513 

coefficient of curvature (Cc) 0.9672 

Zone I 

Organic impurities test Pass 
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Figure 4-4: Sieve analysis of the (MSR100) sand based on ASTM and BS Standard. 

Fineness Modules (FM) of MSR100 sample was 3.394 that is greater than 3.2 for this reason 

the sample was the coarsest sand classification that shown in previous chapter two in Table 

2.4, on the other hand this show that the sand sample was the coarsest sand sample. A 

detailed sieve analysis of the MSR100 was found in appendix-1 in Table A1.7 and the 

grading curve was showed in Figure A1.6 and A1.7 according ASTM and BS grading 

requirement respectively. 

 Particle Size Distribution of Recycled Fine Aggregate Sample (MSR100)  

The Particle Size Distribution of MSR100 Sample was determine by using Equ.10A, 

Equ.11A and Equ.12A in appendix; therefore the coefficient of uniformity (Cu) and 

coefficient of curvature (Cc) are 7.1995 and 1.0866 respectively; therefore the sand sample 

was satisfactory the criteria for both Cu and Cc values, though the MSR100 sand sample 

was well graded sand. The Particle Size Distribution of MSR100 Sand sample as shown in 

above Table 4.5 and Figure 4.3 below and also in a detailed in the appendix-I 
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Table 4.5: Summarized test results for Recycled Fine Aggregate Sand (MSR100) 

 

The coefficient of uniformity (Cu) and coefficient of curvature (Cc) are 2.278 and 1.180 

respectively; however the Cu value of the sand sample is unsatisfactory but on other hand 

the Cc value is satisfactory, the criteria that provided in Table 2.5 and Table 2.6.Therefore, 

the Recycled Fine Aggregate for sand sample was poorly graded, and also uniform graded 

Sample 

Source 

Material 

Type 

Types of Test Test Result 

 

 

 

 

(MSR100) 

 

 

 

 

 

 

 Fine  

Aggregate/

Sand 

Unit 

Weight ` 

Compacted 1400.0Kg/m3 

Loose  1233.33Kg/m3        

 Bulk 

specific 

gravity  

Oven-dry 1.982 

Saturated & Surface dry 2.134 

Apparent  2.358 

Water Absorption Capacity  13.62% 

Moisture Content  2.19% 

Fineness Modules  3.394 

Silt/Clay content 4.0% 

Bulking of Sand 3.019%  

coefficient of uniformity (Cu) 7.1990 

coefficient of curvature (Cc) 1.0866 

Zone VI 

Organic impurities test Fail 
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sand sample. The Particle Size Distribution of MSR100 sample as shown in above in Table 

4.5 and Figure 4.3  also shown in a detailed in Table A1.13 and Figure A1.16 in the 

appendix-I.  

4.4. General Discussion on sands 

4.4.1. Grading or sieve analysis 

The sieve analysis test result of the sand samples with standard limits set by ASTM C33, 

as well as the BS 882 recommended grading limits was shown above in previous the 

grading curves for MSR0, MSR50 and MSR100 Sands sample briefly shown. It is clear from 

the figure that a wide range of sand grading was used in the testing and all of the grading 

curves fall inside of the limits recommended by the BS 882.  

This grading results showed that the MSR0 and MSR50 sand samples was much coarser 

sand that is why lager retaining on sieve size 4.75mm and 2.36mm, which mean that both 

samples need blending with finer sand sample types. On other hand the MSR100 sand 

sample was much finer sand sample that is why smaller retaining on sieve size 1.18mm 

and 0.6mm this indicates that the sample needs blending with coarser sand sample types 

for the test. Individual grading curves and sieve analysis for the sand samples can be found 

in the appendix 1. 

4.4.2. Fineness Modulus (FM) 

The fineness modulus of the sand sample showed that the coarseness or fineness of the 

sand sample based on its value, which mean that the largest value of fineness modulus 

indicate coarsest of sand, intermediate value of fineness modulus shows that moderate sand 

sample whereas smallest value of fineness modulus indicate finest of sand sample as shown 

Table 2.4 of the previous chapter. Based on this; the MSR0 sand sample have the first 

largest value F.M which is 3.434 than MSR50 sand sample its fineness modulus value is 

3.415while on other hand, MSR100 sand sample have the smallest value of F.M that is 3.394 

as shown in the above Table 4.5 

According to ACI Committee E-701, the F.M generally ranges from 2.0 to 3.3 while ES 

standard ranges fineness modulus values from 2.0-3.5 with tolerance of ± 0.2 in addition 

to this; SANS 1083 specified the fineness modulus in the range of 1.2 to 3.5 for fine 
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aggregates that use in concrete production. Based on this limits; the entire three sand 

sample satisfy the ES and SANS standard requirement. However, all the MSR0, MSR50 

and MSR100 sand samples unsatisfying the ASTM standard requirement. 

Therefore, the result of fineness modulus showed that MSR0 Sand sample was the Coarser 

fine aggregate than the MSR50 sand however the MSR100 sand sample was the finer fine 

aggregate sample related to MSR0 and MSR50 sand sample.  

4.4.3. Organic Impurities Test 

All the sands were subjected to the organic impurities test using colorimetric testing 

Method. For sand sample only MSR0 and MSR50 sand sample was passed the test and from 

control and MSR100 sand sample was failed the test. This shows the 100% recycled sand 

sample have organic impurities to be rectified by treatment. A summary of the organic test 

results for each sand can be found in Table 4.6 below and Table A1.19 in Appendix. 

4.4.4. Silt/clay Content Test 

The BS and ASTM standards limit the clay and silt content not to be more than 4% and 

5% of the total weight of the fine aggregate respectively whereas ES standard 

recommended the Silt/Clay content not to be more than 6%. If exceed to this limits the 

sand should be wash or reject. The sand samples collected for this research evaluated based 

on this criteria so that, the MSR0 and MSR50 sand samples within the BS, ASTM as well 

as ES standard limit; however the MSR100 sand sample was unsatisfied BS and ASTM 

standard limits but satisfied ES standard limit as shown the below adjusted to 4% for this 

test as Table 4.7. 

In order to improve the quality of the sand washing was the best mechanism, in this way 

all sand sample have low Silt/Clay content and satisfy the requirement that provided on the 

above standard after washed as shown below in Table 4.6. However in this research it was 

assumed equal amount of silt content should provided which is 2%. A summary of the 

Silt/clay content test results for each sand can be found in Table 4.6. 
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Item 

No. 

Sand 

sample 

Fineness 

modulus 

Silt/clay 

Content (%) 

Organic Impurities (Colorimeter 

test) Pass/Fail 

1 MSR0 3.433 4 Pass 

2 MSR50 3.415 4 Pass 

3 MSR100 3.394 4 Fail 

Table 4.6: Summary of silt/clay content, FM & Organic impurities for each sand 

4.5. Relationship between RFA content & Workability of the Concrete  

Table 4.7 shows that workability of the concrete mix and the gradual increment of RFA 

content of the sand samples 25%, 50%, 75%, 100% the amount of the washed mix sand. 

Table 4.15 illustrated that; the percentage of the RFA content in the sand sample of the 

concrete mix decreases up to 50% increment simultaneously the Workability of the 

concrete mix decreases up to 50% RFA content and then increased the workability for 

more than 50% increment of RFA. However, workability of the concrete is decreases for 

further increment of the silt/clay content of the sand sample. This phenomena showed that 

the RFA content have its own advantage on the workability of the concrete depend on the 

types of aggregate and their grading. Whereas; for the MSR50 Sand sample percentage of 

RFA content have inversely proportion to the workability of fresh concrete mix; which 

mean that the workability of the fresh concrete decrease as the percentage of NFA and 

RFA is asymptotes to 50% content. Generally concrete has best workability performance 

when equal amount of both sand sample MSR50 used. 

 

Fresh concrete of 

Sand Sample 

% of RFA 

content 

% of 

Silt/clay 

content 

Average  

slump result 

(mm) 

Source :Neville & Brooks, 2010 

Degree of 

Workability 
Limit (mm) 

1 

MSR0 C 0 4 55  
Medium 50-100 

MSR25 C 25 4 46 
Very low 0-25 

MSR50 C 50 4 37  Low 25-50 



 

82 

MSR75 C 75 4 57  
Very low 0-25 

MSR100 C 100 4 33.3  Very low 0-25 

2 

 

MSR0  T 0 4 44.33 
Low 25-50 

MSR25  T 25 4 40  Medium 50-100 

MSR50 T 50 4 26.67  
Low 25-50 

MSR75 T 75 4 35.1 Very low 0-25 

MSR100 T 100 4 43.33  
Very low 0-25 

MSR25 F 0 4 38.33 Low 25-50 

3 

MSR25 F 25 4 28.3  
Low 25-50 

MSR50 F 50 4 28  
Very low 0-25 

MSR75 F 75 4 35.3 
Very low 0-25 

MSR100 F 100 4 45  
Very low 0-25 

Table 4.7: RFA Content of the sand vs. slump of the fresh concrete 

In this research work for C-25 mix design of the concrete specified the slump range from 

25-50 mm for all concrete mix design. However, a concrete mix using MSR0  and MSR100 

sample have medium slump value this show that, the mix design required either increase 

the sand amount or decrease the mixing water of the concrete mix to get the required slump 

and the MSR50 give slump value within limits which mean the MSR50 produce a moderate 

slump concrete mix.  

On other hand, using washed sand samples a fresh concrete was prepared. a concrete mix 

using MSR0 Concrete sample have very low slump concrete mix and the MSR50 Concrete 

give medium slump concrete mix whereas, a concrete mix using MSR100 Concrete sample 

was produced low slump concrete mix. It’s within a limit that is MSR0 Concrete produce a 

moderate slump concrete mix. Table 4.8 shown that, the workability of the concrete mix 

before washing the sand sample. 
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Control Sample 

Silt/clay 

content (%) 

Average slump 

result (mm) 

Degree of 

Workability 

Before washing 

MSR0 4 75.8 Medium 

MSR50 4 32.5 Low 

MSR100 4 21 Very low 

Table 4.8: shows the workability of the concrete before washing of the sand. 

Therefore, the degree of workability of the MSR0, MSR50 and MSR100 samples before 

washing were Medium, Low and Very low respectively. 

4.6. Relationship of RFA Content of the NRS & Compressive Strength of Concrete 

The concrete cubes that made with the 100% Metehara River Sand with 0% Recycled fine 

Aggregate Concrete (MSR0 C
28) have the maximum compressive strength at age of 28 days 

than the composition of 50% Metehara River Sand with 50% Recycled Fine Aggregate 

Concrete (MSR50C
28). However, the concrete cubes that made with the 0% Metehara River 

Sand with 100% Recycled Fine Aggregate Concrete (MSR100 C
28) content have lower 

compressive strength at age of 28 days. Compressive strength are 35.3MPa, 34.3MPa and 

33.0MPa for MSR0C
28, MSR50C

28 and MSR100C
28 sand sample respectively as shown 

below in Table 4.17 and Figure 4.8 respectively. This result show that all the original 

MSR0, MSR50 and MSR100 sand samples were satisfied more than the target mean strength 

which is 25MPa. Based on laboratory test results, it is possible to define the sand quality; 

therefore, the result indicate that firstly 100% Metehara River Sand with 0% Recycled fine 

Aggregate (MSR0) and 50% Metehara River Sand with 50% Recycled Fine Aggregate (MSR50) 

have a good quality whereas 0% Metehara River Sand with 100% Recycled Fine Aggregate content 

(MSR50) sand was lower quality sand sample compared to the MSR0 sand compressive strength 

value, because it has difference of 2.3mpa. 
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  General Properties of the Fine Aggregate Samples 
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F.M Zone Cu Cc 

MSR0 3.344 I 7.306 0.85 0 55 2477.0 35.3 

MSR50 3.415 I 7.251 0.967 50 37 2441.5 34.3 

MSR100 3.393 I 7.199 1.087 100 33.3 2429.6 33.0 

Table 4.9: Shows the summary of results of all the tests carried 

 

Figure 4-5: RFA content in NFA vs. Avg. Compressive strength of concrete. 

4.7. Properties of RFA content of sand on the strength of concrete 

The relationship between RFA content of a natural river fine aggregate and the 

corresponding strength of concrete made with this aggregates are shown in Table 4.9. From 

the figure a trend is apparent, where by low RFA aggregates produce relatively high 

strength concrete. 

 In this research work, the target strength of a C-25 concrete mix design was 25MPa, 

Hence, the test result show that the entire sample satisfied the condition. These indicate 

that even though the values are lower using RFA in concrete is possible and the grading, 

mixing and production of concrete shall be done carefully.   
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4.8. Relationship between Compressive, Splitting Tensile and Flexural Strength of 

RFA Concrete.  

Table 4.10 shows the relationship between splitting tensile strength and compressive 

strength obtained from this study. 

RFA (%) 
Unit Weight 

(kg/m3) 

Compressive 

Strength (MPa) 

Splitting tensile 

Strength (Mpa) 

Flexural 

Strength (Mpa) 

0 2477.0 35.3 3.889 4.068 

50 2441.5 34.3 3.396 3.627 

100 2429.6 33.0 3.336 3.414 

Table 4.10: Mechanical Properties RFA at the age of 28 days concrete. 

As for comparison, equ.4.2 & 4.3 also showed relationship obtained by other study. Based 

on the table, the relevant empirical expression obtained from this study is; Based on the 

suggested expression is given by ft=k*(fc)n                                                                                                                                 

𝑹𝑭𝑨𝒇𝒕 = 𝟎. 𝟐(𝒇𝒄)𝟎.𝟖𝟏                …….……….…………………….......Equ.4.1 

Where, RFAft is the splitting tensile strength of concrete using RFA and fc is compressive 

strength measures both in MPa.  Based on the figure, the best regression line from this 

study approximate to the empirical relation suggested by ACI Building Code [5]. Eq. 3 and 

4 are made by ACI Building Code [5] and Neville [6] respectively; 

𝑓𝑡 = 0.56(𝑓𝑐)0.5                          …………………….…..……..…................Equ.4.2 

𝑓𝑡 = 0.23(𝑓𝑐)0.67                          …………………….………..…................Equ.4.3 

The results of experimental and predicted splitting tensile strength from Eq.4.1 to4. 3 listed 

in Table 4.10. ACI Building Code (Eq.4.1) give a ratio closer to 1 even though it slightly 

over estimate the value for normal concrete 50% and 100% of the RFA replacement. For 

0%, 50% and 100% of RFA replacement, it seems that ACI Building Code had 

underestimate split tensile strength. Meanwhile, Eq. 4.3 that proposed by Neville 

significantly under estimate all the split tensile strength for the respective RFA replacement 

as the empirical relation shown. 
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Percentage 

of RFA (%) 
Experimental Predicted fst (Mpa) Experimental / predicted 

Ratio 

 Fc Fst Eq.1 Eq.2 Eq.3 Eq.1 Eq.2 Eq.3 

0 35.3 3.889 3.553 3.555 2.502 1.085 1.170 1.554 

50 34.3 3.396 3.680 3.508 2.459 0.968 1.035 1.381 

100 33.0 3.336 3.562 3.219 2.396 0.981 1.036 1.392 

Table 4.11: Comparison of splitting tensile strength (experimental and theoretical). 

The relationship of flexural strength agains compressive strenght are shown in Table 4.10. 

Based on the suggested expression is given by ft=k*(fc)n 

𝑹𝑭𝑨𝒇𝒔 = 𝟎. 𝟏𝟐(𝒇𝒄)𝟎.𝟗𝟕                          ……………….….............Equ.4.4 

Other relations stated previously suggested by ACI Building Code [6], listed in the 

following empirical expressions;  

𝑓𝑠 = 0.62(𝑓𝑐)0.5                          ……………………………..…................Equ.4.5 

𝑓𝑠 = 0.94(𝑓𝑐)0.5                          ……………………………..…................Equ.4.6 

The results of the flexural strength predicted by Eq. 4.5 and 4.6 for all specimens included 

in the analysis are listed in Table 4.15. Based on the table, the average 

experimental/predicted flexural strength is calculated. Significantly, the empirical 

expression from Eq. 4.5 is approximately give a closer value to the experimental result 

with the satisfactory average difference of 9%.   

Percentage of 

RFA (%) 
Experimental  Predicted fs(Mpa)  

 Experimental / 

predicted Ratio  

  fc  ffl  Eq.4   Eq.5   Eq.6   Eq.4   Eq.5   Eq.6  

0 35.3 4.068 3.80 3.68 5.58 1.07 1.10 0.73 

50 34.3 3.627 3.71 3.63 5.51 0.98 1.00 0.66 

100 33.0 3.414 3.57 3.56 5.40 0.96 0.96 0.63 

Table 4.12: Comparison of flexural strength (experimental and theoretical). 
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CHAPTER FIVE 

5. Conclusion and Recommendation 

5.1. Conclusion 

From the laboratory results that obtained, MSR0C sand sample found to be the first highest 

compressive strength (i.e. 22.8, 29.3 and 35.3MPa) at age of 7, 14, and 28days from the 

control samples respectively that having a fineness modulus (FM) value of 3.344 falling 

within zone I of sand classification, a slump value of 55mm that is medium degree of 

workability with 4% silt/clay content and Well graded (i.e. Cu= 7.306 and Cc= 0.85). 

Whereas, the MSR50C original sand sample produced concrete with second highest 

compressive strength at age of 7, 14, 28days (i.e. 20.8, 27.6, 34.3MPa) with 4% of silt/clay 

content, FM value of 3.415 falling within zone I of sand classification, a slump value of 

37mm which is low degree of workability and it is well graded (i.e. Cu=7.251 and Cc= 

0.967). The MSR100C sand sample had the lower compressive strength (i.e. 19.0, 26.2 and 

33.0MPa) with the silt/clay content of 4%, FM value (i.e. 3.393) and falling within zone I 

in sand classification, low slump test value of 33.3mm and well graded (i.e. Cu= 7.199 and 

Cc = 1.087) all the three samples, MSR0C and MSR50C sand felt into zone I.  

MSR100C sand sample had the lowest compressive strength when compared to the other 

sample due to more amount of Recycled Fine Aggregate content. However when the age 

of concrete increases the gap in strength decreases i.e. at the age of 7days the difference in 

compression strength of MSR0C and MSR100C is 3.8Mpa; at the age of 14days the 

difference in compression strength of MSR0C and MSR100C is 3.15Mpa; at the age of 

28days the difference in compression strength of MSR0C and MSR100C is 2.2Mpa.  
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Therefore, more curing time is needed for the concrete compression cubes to reach at the 

same value and the same phenomenon takes place for the tensile and flexural strength of 

concrete. From the data obtained in this research the zero value difference in compression 

strength of RFAC and NFAC expected by interpolation is to be after 60.9 days. 

Based on Table A2.3, A2.6, A2.9, 28 days test results the inclusion of RFA aggregate 

reduced the mechanical performance of the concrete. The reduction of the compressive 

strength attributed to the decrease in adhesive strength between the surface of the recycled 

fine aggregate with cement pest mortar and coarse aggregates since RFA participated to 

more hydration process needs more curing time, more machines intensive washing of 

impurities, stabilized sieving, to be more attractive to bonding, and ingredient materials 

used for concrete making. If more modification is not required and only labor intensive 

which is relatively cheaper as it was presented in this study, the low density of the recycled 

fine aggregate compared to the natural fine aggregate also contributed to reduction in 

density of concrete respectively. Even though it is seen that the replacement using RFA 

does not contribute to the strength of the concrete more or as does the natural fine 

aggregates does, it can be used as an alternative for reducing the dead load of concrete 

since the inclusion of RFA reduce the density of the concrete respectively. Therefore it is 

more preferable materials for light weight concrete production. 
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5.2. Recommendation 

 Its better option to have concrete recycling industry plant to minimize the effect of 

most river natural fine aggregates problem such as gap-graded, uniform graded, in 

addition to this they are also higher coarser or finer fine aggregate in nature; therefore 

they should be blended in some proportion either with NFA or RFA in order to 

improve the quality of the fine aggregate and concrete production. 

 Further studies are required in use of RFA content on different properties of concrete 

to obtain the maximum achievement and include RFA properties in EBCS. 

 The properties of RFA sand should be investigated further on workability, strength, 

resistance to water penetration and durability of the concrete.  

 Physical treatments should take places before using RFA directly. 

 Instead of dumping away the idea of utilizing RFA in concrete making not only helps 

solving waste disposal crisis but also conserving natural resources by helping to reduce 

the quarrying of natural sand. 

 This research study covered only effect RFA content on the concrete properties. So, 

further studies are required on the mineralogical effects of the fine aggregate on 

concrete properties to obtain the maximum achievement. 
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APPENDIX I 

Input Materials Properties Identification 

1.1. Properties of Cement  

  1.1.1. Fineness of Hydraulic Cement 

Calculation 

Calculate the fineness of the samples as: *100
100 sR

F
W

 
   

  ..............., Equ.1A

 

Where: 

F= fineness of cement expressed as the percentage passing the sieve, 

Rs=residue from sample retained on the sieve, 

W=weight of sample, gm, 

Laboratory results  

W=100gm,         Rs=5gm  

F = 100 − [
Rs ∗ 100

w
] = 100 − [

5 ∗ 100

100
] = 95% passing 

OR 100%-95%=5% retaining 

Note: - According to Ethiopian Standard the weight of residue left on the sieve should be less or 

equal to 10% of the total cement in treatment for ordinary Portland cement.  

The cement type used is OPC (Ordinary Portland cement) of Dangote factory product. 

1.1.2. Normal Consistency of Hydraulic Cement 

According to Ethiopian Standard the usual range of water-cement ratio for   normal consistency is 

between 26% and 33% and the paste is said to be of normal consistency when the rod settles 10±1 

mm below the original surface within thirty seconds. 

Calculation    weight of water in g
% water =  *100

weight of cement in g

 ...............Equ.2A  

Wt. of Cement (gm) 500 500 500 500 500 500 500 

% of water 26 27 28 29 30 31 32 

Wt. of water (gm) 130 135 140 145 150 155 160 

Penetration depth(mm) 5 6.5 7 8 8.5 9 9.5 

Table A1.1: Consistency of Hydraulic Cement 

1.2. Properties of Coarse Aggregate 

  1.2.1. Sieve Analysis 
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sieve 

Size  

Wt. of sample 

retained (g) 

 Wt. 

retained 

(%)  

 Cum. % 

retained  

 Cum. 

% pass  

 ASTM(AASHTO) 

limits   Rem

ark  lower 

limit  

 upper 

limit  

37.5 (1 1/2 

in) 0 
0.00% 

0.00% 
100.0% 100% 

100% OK 

25(1 in) 154.7 4.91% 4.91% 95.10% 95% 100% OK 

12.5(1/2 in) 1915.6 60.76% 65.67% 34.33% 25% 60% OK 

4.75(#4) 766.9 24.33% 90.00% 10.01% 0% 10% OK 

2.36(#8) 251.5 7.98% 97.97% 2.03% 0% 5% OK 

pan 63.9 2.03% 100.0% 0.00%  -   -    

Total 3152.5 100.0%           

Table A1.2: Sieve analysis for coarse aggregate. 

 

Figure A1-1: Coarse aggregate gradation chart. 

1.2.2. Unit weight  
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Compacted Unit Weight 

Sample Wt. Of 

cylinder 

metal (Kg) 

Wt. Of cylinder 

+ Wt. Of sample 

(Kg) 

Height of 

cylinder 

Dia. of 

cylinder 

Wt. Of 

Sample 

Vol. Of 

cylinder 

Unit 

Weight  

(m) (m) (Kg) (m3) (Kg/m3) 

Sample-1 5.4 20.5 0.30 0.20 15.1 0.009 1677.78 

Sample-2 5.4 20.5 0.30 0.20 15.1 0.009 1677.78 

           Average(Mean) 1677.78 

Loose Unit Weight 

Sample-1 5.4 19.5 0.3 0.20 14.1 0.009 1566.67 

Sample-2 5.4 19.5 0.3 0.20 14.1 0.009 1566.67 

Average(Mean) 1566.67 

Table A1.3: Compacted and Loose Unit weight coarse aggregate 

 

1.2.3. Specific gravity and Water Absorbition 

Parameters for sample taken in (gm) 

Weight of basket +sample +water sample (mass W1)= 4476 gm 

Weight of basket + water sample (mass W2) = 1855 gm 

Weight of saturated surface dry sample in air (mass W3) = 4000 gm 

Weight of oven dry sample (mass W4) = 3920.25 gm 

 Bulk specific gravity:  

Spec. gravity =    [
W4

W3−(W1−W2)
]                     ...............................................Equ.4A 

Spec. gravity =    [
3920.25

4000 − (4476 − 1855)
] = 𝟐. 𝟖𝟒𝟐 

 Bulk specific gravity (saturated surface dry bases):   

Bulk Spec. gravity =    [
W3

W3−(W1−W2)
]           ................................................Equ.5A 

Bulk Spec. gravity =    [
4000

4000 − (4476 − 1855)
] = 𝟐. 𝟗𝟎𝟎 

 Apparent specific gravity       

Apparent Spec. gravity =    [
w4

w4−(w1−w2)
]       ……….................................Equ.6A 

Apparent Spec. gravity =   [
3920.25

3920.25 − (4476 − 1855.5)
] = 𝟐. 𝟓𝟏𝟔 

 Absorption capacity: 

Water Absorbition Capacity WA =    [
(w3−w4)

w4
∗ 100]     .....................Equ.7A 

Water Absorbition Capacity WA =   [
(4000 − 3920.25)

3920.25
∗ 100] = 𝟐. 𝟎𝟑𝟒% 
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1.2.4. Moisture content  

Weight of original aggregate sample (Mass W1) = 2000 gm  

Weight of oven dry aggregate sample (Mass W2) = 1971.45 gm  

MC= moisture content (%)  

Apparent Spec. gravity =   [
(W1−W2)

W2
∗ 100]                   …….................Equ.8A 

 

Apparent Spec. gravity =   [
(2000−1917.45)

1971.45
∗ 100] = 𝟏. 𝟒𝟒𝟖%          

1.3. Properties of Fine Aggregate 

1.3.1. Silt/clay content 

Total silt/clay content is percentage of material that is finer than 75μm (#200) sieve size (percentage 

of silt/clay content) for instance Silt/clay content of Recycled fine aggregate is calculated as 

follows. 

Original dry mass before wash V1 (ml) = 1224.5 

Dry mass of sample after washed V2 (ml) = 1101.5 

Silt(clay)Content V =    [
V1−V2

V1
] ∗ 100                     ………………................Equ.9A 

Silt(clay)Content =    [
1224.5−1101.5

1101.5
] ∗ 100 = 10.045                                               

Total Silt/Clay% = V+% silt/clay amount on pan after sieving dry washed sample (V3)  

For instance, silt/clay content of Recycled sand (original sample) 

V1= 1224.5gm   V2= 1216.9gm V3=0.6207 %, Total silt/clay %=10.045%+0.6207%= 10.666% 

 

Sand 

sample 

Original mass of 

sample before 

washed (gm) (B) 

Dried mass  of 

sample after 

washed (gm) (B) 

Percentage 

of silt (A) 

(B-A)/B 

Retained silt/clay 

onpanafter sieved 

dry sample (D)% 

Total Silt 

%  Of 

sand 

MSR0 U 1227.9 1182.30 3.71 0.74 4.45 

MSR0 W 1226.3 1182.64 3.56 0.44 4.00 

MSR50 U 1226.2 1141.90 6.87 0.68 7.56 

MSR50 W 1218.55 1179.30 3.22 0.78 4.00 

MSR100 U 1224.5 1101.50 10.04 0.62 10.67 

MSR100 W 1210.8 1175.97 2.88 1.12 4.00 

Table.A1.4:Percentage of Silt/Clay content of the sand samples 
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1.3.2. Sieve Analysis  

1.3.2.1. Sieve analysis of Metehara 96.00% washed Sand Sample (MSR0) 

Natural Fine Aggregate MSR0 Gradation 

Sieve Size  

mm(in) 

Wt. of 

sample 

retaine

d 

 Wt. 

retained 

(g)  

 Cum.  

% 

retaine

d  

 Cum. 

% 

pass  

 ASTM limits 

  

 BS limits 

  

Rem

ark 

          
 

Lower  

 

Upper  

 

Lower  

 

Upper  

 siev

ed 

off 9.5(3/8 in) 0.00 0.0% 0.0% 100.% 100% 100% 100% 100% 

4.75(#4) 43.10 7.1% 7.1% 92.9% 95% 100% 89% 100% ok 

2.36(#8) 141.80 23.5% 30.7% 69.3% 80% 100% 60% 100% ok 

1.18(#16) 138.70 23.0% 53.6% 46.4% 50% 85% 30% 100% ok 

0.6(#30) 100.70 16.7% 70.3% 29.7% 25% 60% 15% 100% ok 

0.3(#50) 99.10 16.4% 86.8% 13.2% 10% 30% 5% 70% ok 

0.15(#100) 33.90 5.6% 92.4% 7.6% 2% 10% 0% 15% ok 

0.075(#200

) 21.80 3.6% 96.0% 4.0% 0% 5%     ok 

pan 24.13 4.0% 100.% 0.0%        

Total 603.23                 

 Table A1.5: Sieve analysis for Metehara 96.00% washed sand sample 

 

Figure A1-2: Gradation chart for MSR0 according to ASTM Limitation. 
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Figure A1-3: Gradation chart for MSR0 according to BS Limitation. 

 

1.3.2.2. Halved NFA and halved RFA 96.00% washed estimated Sand Sample (MSR50) 

Fine Aggregate Gradation 

sieve 

Size  mm(in) 

Wt of 

sample 

retaine

d 

 Wt. 

retained 

(g)  

  

 Cum. 

% 

pass  

 ASTM limits 

  

 BS limits 

  

Rem

ark 

          
 

Lower  

 

Upper  

 

Lower  

 

Upper  

  

sieve

d off 9.5(3/8 in) 0.00 0.00% 0.0% 100.% 100% 100% 100% 100% 

4.75(#4) 33.40 5.54% 5.5% 94.5% 95% 100% 89% 100% ok 

2.36(#8) 151.88 25.19% 30.7% 69.3% 80% 100% 60% 100% ok 

1.18(#16) 142.60 23.66% 54.4% 45.6% 50% 85% 30% 100% ok 

0.6(#30) 105.25 17.46% 71.9% 28.1% 25% 60% 15% 100% ok 

0.3(#50) 88.05 14.61% 86.5% 13.5% 10% 30% 5% 70% ok 

0.15(#100) 36.40 6.04% 92.5% 7.5% 2% 10% 0% 15% ok 

0.075(#200) 21.11 3.50% 96.0% 4.0% 0% 5%     ok 

pan 24.13 4.00% 100% 0.0%           

Total 602.82                 

Table A1.6: Sieve analysis for 50%NFA & 50%RFA 96.00% washed sand sample MSR50 
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Figure A1-4: Gradation chart for MSR50 according to ASTM Limitation. 

 

Figure A1-5: Gradation chart for MSR0 according to BS Limitation. 
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1.3.2.3. Recycled Fine Aggregate 96.00% washed Sand Sample (MSR100) 

Fine Aggregate Gradation 

sieve 

Size  

mm(in) 

Wt of 

sample 

retaine

d 

 Wt. 

retaine

d (g)  

 Cum.  

% 

retaine

d  

 Cum. 

% 

pass  

 ASTM limits 

  

 BS limits 

  

Rem

ark 

          
 

Lower  

 

Upper  

 

Lower  
 Upper  Bs 

9.5(3/8 in) 0.0 0.0% 0.0% 100% 100% 100% 100% 100% 

sieve

d off 

4.75(#4) 22.4 3.7% 3.7% 96.3% 95% 100% 89% 100% ok 

2.36(#8) 157.1 26.1% 29.8% 70.2% 80% 100% 60% 100% ok 

1.18(#16) 148.1 24.6% 54.4% 45.6% 50% 85% 30% 100% ok 

0.6(#30) 109.3 18.1% 72.5% 27.5% 25% 60% 15% 100% ok 

0.3(#50) 84.3 14.0% 86.5% 13.5% 10% 30% 5% 70% ok 

0.15(#100) 36.7 6.1% 92.6% 7.4% 2% 10% 0% 15% ok 

0.075(#20

0) 20.7 3.4% 96.0% 4.0% 0% 5%     ok 

pan 24.1 4.0% 100.0% 0.0%           

Total 602.64                 

Table A1.5: Sieve analysis of  96.00% washed sand sample MSR100 

 

Figure A1-6: Gradation chart for MSwR100 according to ASTM Limitation. 
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Figure A1-7: Gradation chart for MSwR100 according to BS Limitation 

1.3.3. Particle Size Distribution of Sand Sample  

1.3.3.1. Particle size distribution of MSR0 

Sieve Size 

mm (in) 
Cum. % pass 

Sample-1 

Cum. % pass 
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MSR0 

Avg. Cum. % pass 

9.5(3/8 in) 100% 100% 100% 

4.75(#4) 92% 92% 92% 

2.36(#8) 66% 68% 67% 

1.18(#16) 42% 43% 42% 

0.6(#30) 24% 26% 25% 

0.3(#50) 9% 8% 9% 

0.15(#100) 4% 4% 4% 

0.075(#200) 4% 4% 4% 

pan 0% 0% 0% 

Table A1.8: Particle Size Distribution of Metehara (MSR0) Sand sample 
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Figure A1-7: Particle Size Distribution curve of Metehara Sand sample. 

 

1.3.3.2. Particle size distribution estimated for fine aggregate MSR50 

sieve 

Size  mm (in) 

 Cum. % pass 

Sample-1  

 Cum. % pass Sample-

2  

MSR50 Avg. Cum. 

% pass 

9.5(3/8 in) 100% 100% 100% 

4.75(#4) 96% 96% 96% 

2.36(#8) 71% 70% 70% 

1.18(#16) 44% 43% 43% 

0.6(#30) 26% 26% 26% 

0.3(#50) 13% 13% 13% 

0.15(#100) 7% 7% 7% 

0.075(#200) 4% 4% 4% 

pan 0% 0% 0% 

Table A1.9: Particle Size Distribution of MSR50 Sample 
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Figure A1-8: Particle Size Distribution curve of MSR50 Sand Sample. 

 

1.3.3.3. Particle size distribution of Recycled Fine Aggregate MSR100 
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Size  mm (in) 

 Cum. % pass 

Sample-1  

 Cum. % pass 

Sample-2  
MSR0 Avg. Cum. % pass 

9.5(3/8 in) 100% 100% 100% 

4.75(#4) 96% 96% 96% 

2.36(#8) 71% 70% 70% 

1.18(#16) 44% 43% 43% 

0.6(#30) 26% 26% 26% 

0.3(#50) 13% 13% 13% 

0.15(#100) 7% 7% 7% 

0.075(#200) 4% 4% 4% 

pan 0% 0% 0% 

Table A1.10: Particle Size Distribution of Recycled Fine Aggregate Sample 
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Figure A1-9: Particle Size Distribution curve of MSR100 Sand Sample. 

1.3.3.4. Calculation on particle size Distribution of fine Aggregate 

For instance the particle size distribution for MSR0 was calculated by using Equ.10A, Equ.11A and 

Equ.12A.The values in Table A1 11 was collected from Table A1.8 and figure A1.8 that showed 

the distribution curve of MSR0. 

...............................................Equ.10A 

Dlow= 0.3   0.6   1.18 

Dhigh= 0.6   1.18   2.36 

Pi= 10   30   60 

Plow= 14.05   29.17   45.52 

Phigh= 29.17   45.52   68.67 

Table A1.6: Data form the distribution curve for the calculation Cu and Cc. 

Cu =  
D60

   D10
      ........Equ.11A                  Cz =  

D30

D60∗D10
     .............Equ.12A 

Equ.11A and Equ. 12A was used to determine the coefficient of Uniformity (Cu) and Coefficient 

of Curvature (Cc) of the fine aggregate samples. 
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Cu =  
D60

   D10
= (

1.8204

0.2492
) = 7.3056                       Cz =  

D30

D60 ∗ D10
= (

0.6209

1.8204 ∗ 0.2492
)

= 0.8500 

Sand Types D10 D30 D60 Cu Cc 

MSwR0 0.2492 0.6209 1.8204 7.306 0.8500 

MSwR50 0.2497 0.6613 1.8108 7.2513 0.9672 

MSwR100 0.2507 0.7009 1.8037 7.1995 1.0866 

Table A1.7: Cu and Cc values of the sand samples 

 

1.3.4. Unit weight 

  1.3.4.1. Compacted and Loose Unit weight of MSR0 

Cylinder (Mold) Mass= 5.4 gm        Internal Diameter = 0.2m 

Internal Height = 0.3m                Volume of the Mold = 0.009m3 

Compacted Unit Weight 

Sample Wt. Of 

cylinde

r metal 

(Kg) 

Wt. Of 

cylinder + 

Wt. Of 

sample (Kg) 

Height of 

cylinder 

Dia. of 

cylinder 

Wt. Of 

Sample 

Vol. Of 

cylinder 

Unit 

Weight  

(m) (m) (Kg) (m3) (Kg/m3) 

Sample-1 5.4 20.5 0.3 0.20 15.1 0.009 1677.78 

Sample-2 5.4 20.5 0.3 0.20 15.1 0.009 1677.78 

Average(Mean) 1677.78 

Loose Unit Weight 

Sample-1 5.4 19.5 0.3 0.20 14.1 0.009 1566.67 

Sample-2 5.4 19.5 0.3 0.20 14.1 0.009 1566.67 

Average(Mean) 1566.67 

Table A1.8: Compacted and Loose Unit weight of MSR0 aggregate 

  1.3.4.1. Compacted and Loose Unit weight Estimated for MSR50 

Cylinder (Mold) Mass= 5.4 gm        Internal Diameter = 0.2m 

Internal Height = 0.3m                Volume of the Mold = 0.009m3  
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Compacted Unit Weight 

Sample Wt. Of 

cylinder metal 

(Kg) 

Wt. Of cylinder + 

Wt. Of sample 

(Kg) 

Heigt of 

cylinder 

Dia. of 

cylinde

r 

Wt. 

Of 

Samp

le 

Vol. Of 

cylinder 

Unit 

Weight  

(m) (m) (Kg) (m3) (Kg/m3) 

Sample-1 5.4 19.25 0.3 0.20 13.85 0.009 1538.89 

Sample-2 5.4 19.25 0.3 0.20 13.85 0.009 1538.89 

Average(Mean) 1538.89 

                                                                    Loose Unit Weight 

Sample-1 5.4 18 0.3 0.20 12.6 0.009 1400.00 

Sample-2 5.4 18 0.3 0.20 12.6 0.009 1400.00 

Average(Mean) 1400.00 

Table A1.9: Compacted and Loose Unit weight of MSR50 aggregate 

 

  1.3.4.1. Compacted and Loose Unit weight of MSR100 

Cylinder (Mold) Mass= 5.4 gm        Internal Diameter = 0.2m 

Internal Height = 0.3m                Volume of the Mold = 0.009m3 

Compacted Unit Weight 

Sample Wt. Of 

cylinder 

metal 

(Kg) 

Wt. Of cylinder 

+ Wt. Of 

sample (Kg) 

Ht of 

cylinder 

Dia. of 

cylinder 

Wt. Of 

Sample 

Vol. Of 

cylinder 

Unit 

Weight  

(m) (m) (Kg) (m3) (Kg/m3) 

Sample-1 5.4 18 0.3 0.20 12.6 0.009 1400.00 

Sample-2 5.4 18 0.3 0.20 12.6 0.009 1400.00 

Average(Mean) 1400.00 

Loose Unit Weight 

Sample-1 5.4 16.5 0.3 0.20 11.1 0.009 1233.33 

Sample-2 5.4 16.5 0.3 0.20 11.1 0.009 1233.33 

Average(Mean) 1233.33 

Table A1.10: Compacted and Loose Unit weight of MSR100 aggregate 

1.3.5. Specific gravity (Relative density) and water absorption 

1.3.5.1 Specific gravity (Relative density) and water absorption for MSR0 

Formula used for the calculation of Bulk Specific gravity & water absorption of NFA 
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Parameters for sample taken in (gm) 

Weight of basket +sample +water sample (mass W1) = 1584.9 gm 

Weight of basket + water sample (mass W2) = 1280.3 gm 

Weight of saturated surface dry sample in air (mass W3) = 500 gm 

Weight of oven dry sample (mass W4) = 490.3 gm 

 Bulk specific gravity:  

Spec. gravity  γdry =    [
W4

W3−(W1−W2)
]                     ...............................................Equ.13A 

 

Spec. gravity  γdry =    [
490.3

500 − (1584.9 − 1280.3)
] = 𝟐. 𝟓𝟏𝟏 

 Bulk specific gravity (saturated surface dry bases):   

Bulk Spec. gravity  γSSD =    [
W3

W3−(W1−W2)
]           ................................................Equ.14A 

 

Bulk Spec. gravity  γSSD =    [
500

500 − (1584.9 − 1280.3)
] = 𝟐. 𝟓𝟔𝟏 

 Apparent specific gravity       

Apparent Spec. gravity γApp. =    [
w4

w4−(w1−w2)
]       ……….................................Equ.15A 

 

Apparent Spec. gravity γApp. =   [
490.3

490.3 − (184.9 − 1280.3)
] = 𝟐. 𝟔𝟒𝟐 

 Absorption capacity: 

Water Absorbition Capacity Wabso =    [
(w3−w4)

w4
∗ 100]     .....................Equ.16A 

 

Water Absorbition Capacity Wabso =   [
(4000 − 3920.25)

3920.25
∗ 100] = 𝟏. 𝟗𝟕𝟖% 

Bulk specific gravity and water absorption for MSR0 was calculated as showed above and also for 

all the sand samples calculated in this way but it is estimated for MSR50.  
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1.3.5.2 Specific gravity (Relative density) and water absorption Estimated for MSR50 

Bulk specific gravity & water absorption estimated for MSR50 are showed in table below. 

Relative density(Bulk Specific gravity) and Water Absorption Capacity 

Specimen reference Symbol Unit 

samples 
Average(

Mean) 
1 2 

Mass of saturated-dry fine aggr. in Air W1 g 1585.9 1546.3 

 

Mass of vessel +sample filled with water W2 g 1301.2 1260.6 

Mass of vessel filled with water only W3 g 500 500 

Mass of oven dry fine aggregate in air W4 g 464.85 465.5 

Relative density on an oven -dry basis γdry g/m3  2.159 2.173 2.166 

Relative density on a SSD basis γSSD g/m3  2.322 2.334 2.328 

Apparent relative density (Bulk spe. Gravity) γApp. g/m3  2.580 2.590 2.585 

Water Absorption Capacity Wabso. % 7.562 7.411 7.488 

Table A1.11: Bulk specific gravity (relative density) and water absorption for MSR50 

1.3.5.3 Specific gravity (Relative density) and water absorption Estimated for MSR100 

Bulk specific gravity & water absorption estimated for MSR100 are showed in table below.  

Relative density(Bulk Specific gravity) & Water Absorption Capacity 

Specimen reference Symbol Unit 

samples Average 

(Mean) 1 2 

Mass of saturated-dry fine aggr. in Air W1 g 1566.9 1527.7  

Mass of vessel + sample filled with water W2 g 1301.1 1261.1 

 

Mass of vessel filled with water only W3 g 500 500 

Mass of oven dry fine aggregate in air W4 g 438.9 441.2 

Relative density on an oven -dry basis γdry g/m3  1.866 2.099 1.982 

Relative density on a SSD basis γSSD g/m3  2.126 2.142 2.134 

Apparent relative density (Bulk spe. Gravity) γApp. g/m3  2.521 2.194 2.358 

Water Absorption Capacity Wabso. % 13.92 13.33 13.62 

Table A1.12: Bulk specific gravity (relative density) and water absorption for MSR50 
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1.2.4. Moisture content of the fine aggregates 

The MC of the fine aggregates was performed by using Equ.6A; For instance, the moisture content 

of the MSR0 for sample-1 & for all samples followed the same procedure but it is estimated for 

MSR50. 

Weight of original aggregate sample (Mass W1) = 500 gm  

Weight of oven dry aggregate sample (Mass W2) = 468.1 gm  

MC= moisture content (%) =   [
(W1−W2)

W2
∗ 100]                   ….........Equ.17A 

MC =   [
(500−468.1)

498.1
∗ 100] = 𝟏. 𝟒𝟒𝟖%          

 

Sand sample Weight of Sample 

before dry (gm) 

(W1) 

Weight of Sample 

after oven dry (gm) 

(W2) 

Moisture 

content (%) 

(MC) 

MSR0 Sample-1 500 467.7 6.91 6.81 

Sample-2 500 468.5 6.72 

MSR50 Sample-1 500 478.6 4.471 4.450 

Sample-2 500 478.8 4.428 

MSR100 Sample-1 500 489.5 2.15 2.19 

Sample-2 500 489.1 2.23 

Table A1.13: Moisture content for all fine aggregate (sand) samples 

1.3.7. Bulking of the fine aggregate (Sand) 

Bulking of sand samples was determined as showed below:- 

( A - B )
BS(%) = * 100

B

 
 
  .................................Equ.15A 

For instance, the Bulking of the MSR0 for sample-1 & for all sand samples followed the same 

procedure. 

A = weight of original sample = 400 ml  B= weight of oven dry sample = 380 ml 

  MC =   [
(400−380.8)

380.8
∗ 100] = 𝟓. 𝟎𝟒𝟏%          
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Sample of sands 

Original 

volume (V1) 

ml 

Volume  after 

bulking of sand 

(V2) ml 

% of Bulking 

(BS) 

Average Bulking 

(%) 

MSR0  sample-1 400 380 5.263  

5.041  sample-2 400 381.6 4.819 

MSR50  sample-1 400 365 9.589  

9.102  sample-2 400 368.3 8.614 

MSR100  sample-1 400 390 2.694  

3.019  sample-2 400 388 3.343 

Table A1.14: Percentage bulking of sand for all fine aggregate (sand) samples 

 

1.3.8. Organic impurities test of the fine aggregates (Sands) 

Item No. Sand sample 

Organic Impurities Result 

Test Disc Values Pass/Fail 

Trail-1 Trail-2 

1 MSwR0 - 96.0% washed 3 
3 Pass 

2 MSwR50 - 96.0% washed 2 
2 Pass 

3 MSwR100 - 96.0% washed 
4 4 Fail 

Key:- 1,2 and 3(standard) satisfactory whereas 4 and 5 unsatisfactory colorimetric test 

Table A1.15: Organic impurities test of the sand samples 
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APPENDIX II 

Experimental Results 

2.1. Experimental results for workability and compressive strength for C-25 

2.1.1. Workability and Compressive strength of concrete using sand samples. 

NO.   

Sample 

T
es

t 
ag

e 

in
 d

ay
s Dimensions 

(m) 10-2 

W
/C

 

ra
ti

o
 

S
lu

m
p

 

m
m

) 

W
ei

g
h

t 

(k
g

) 

p
re

ss
u

re
  

A
re

a 
m

2
) 

V
o

lu
m

e 

(m
3
  

  
1
0

-

3
) 

F
ai

lu
re

 

lo
ad

 K
N

) 

C
o

m
p

.S
t

re
n

g
th

 

M
P

a)
 

U
n

it
 

W
ei

g
h

t 

(k
g

/m
3
) 

L W H 

MSR0 C 1 

7 

15 15 15 

0.5 

55 8.5 0.23 3.38 518 23.0 2518.5 

MSR0 C 2 15 15 15 55 8.5 0.23 3.38 495 22.0 2518.5 

MSR0 C 3 15 15 15 55 8.5 0.23 3.38 526 23.4 2518.5 

Mean 55.0 8.5       22.8 2518.5 

MSR50 C 1 

7 

15 15 15 

0.5 

35 8.45 0.23 3.38 455 20.2 2503.7 

MSR50 C 2 15 15 15 38 8.45 0.23 3.38 472 21.0 2503.7 

MSR50 C 3 15 15 15 38 8.45 0.23 3.38 477 21.2 2503.7 

Mean 37.0 8.5       20.8 2503.7 

MSR100C 1 

7 

15 15 15 

0.5 

30 8.33 0.23 3.38 421 18.7 2468.1 

MSR100C 2 15 15 15 35 8.33 0.23 3.38 441 19.6 2468.1 

MSR100C 3 15 15 15 35 8.33 0.23 3.38 419 18.6 2468.1 

Mean 33.3 8.3       19.0 2468.1 

Table A2.16: 7 days curing concrete cubes test result of different sand samples 
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M
P
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W
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g
h

t 

(k
g

/m
3
) 

L W H 

MSR0 C 1 

14 

15 15 15 

0.5 

55 8.48 0.23 3.38 661 29.4 2512.6 

MSR0 C 2 15 15 15 55 8.40 0.23 3.38 664 29.5 2488.9 

MSR0 C 3 15 15 15 55 8.45 0.23 3.38 653 29.0 2503.7 

Mean 55.0 8.44       29.3 2501.7 

MSR50 C 1 

14 

15 15 15 

0.5 

35 8.43 0.23 3.38 618 27.5 2497.8 

MSR50 C 2 15 15 15 38 8.43 0.23 3.38 634 28.2 2497.8 

MSR50 C 3 15 15 15 38 8.43 0.23 3.38 614 27.3 2497.8 

Mean 37.0 8.43       27.6 2497.8 

MSR100C 1 

14 

15 15 15 

0.5 

30 8.40 0.23 3.38 578 25.7 2488.9 

MSR100C 2 15 15 15 35 8.40 0.23 3.38 582 25.9 2488.9 

MSR100C 3 15 15 15 35 8.40 0.23 3.38 605 26.9 2488.9 

Mean 33.3 8.40       26.2 2488.9 

Table A2.17: 14 days curing concrete cubes test result of different sand samples 
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NO.   

Sample 

T
es

t 
ag

e 

d
ay

s Dimensions 

(m) 10-2 

W
/C

 

ra
ti

o
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m
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P
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W
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g
h

t 

(k
g

/m
3
) 

L W H 

MSR0 C 1 

28 

15 15 15 

0.5 

55.0 8.37 0.23 3.38 792 35.2 2480.0 

MSR0 C 2 15 15 15 55.0 8.36 0.23 3.38 810 36.0 2477.0 

MSR0 C 3 15 15 15 55.0 8.35 0.23 3.38 778 34.6 2474.1 

Mean 55.0 8.36       35.3 2477.0 

MSR50 C 1 

28 

15 15 15 

0.5 

35.0 8.19 0.23 3.38 770 34.2 2426.7 

MSR50 C 2 15 15 15 38.0 8.13 0.23 3.38 778 34.6 2408.9 

MSR50 C 3 15 15 15 38.0 8.40 0.23 3.38 770 34.2 2488.9 

Mean 37.0 8.24       34.3 2441.5 

MSR100C 1 

28 

15 15 15 

0.5 

30.0 8.10 0.23 3.38 758 33.7 2400.0 

MSR100C 2 15 15 15 35.0 8.20 0.23 3.38 725 32.2 2429.6 

MSR100C 3 15 15 15 35.0 8.30 0.23 3.38 747 33.2 2459.3 

Mean 33.3 8.20       33.0 2429.6 

Table A2.18: 28 days curing concrete cubes test result of different sand samples 

 

2.2. Experimental results for workability & splitting tensile strength for C-25 

2.2.1. Workability and splitting tensile strength of concrete using sand samples 

NO.   

Sample 

T
es

t 
ag

e 

(d
ay

s 

Dimension

s (m) 10-2 

 

W
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 r
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U
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W
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g
h

t 

(k
g

/m
3
) 

L D 

MSR0 T 1 

7 

30 15 

0.5 

55 13.0 0.14 5.3 15 2.123 2452.83 

MSR0 T 2 30 15 55 14.0 0.14 5.3 19 2.689 2641.51 

MSR0 T 3 30 15 55 13.5 0.14 5.3 17 2.416 2547.17 

Mean 55         2.409 2547.2 

MSR50 T 1 

7 

30 15 

0.5 

35 13.0 0.14 5.3 16 2.265 2452.83 

MSR50 T 2 30 15 38 13.0 0.14 5.3 15 2.123 2452.83 

MSR50 T3 30 15 38 13.0 0.14 5.3 16 2.201 2452.83 

Mean 37         2.196 2452.8 

MSR100T 1 

7 

30 15 

0.5 

30 13.0 0.14 5.3 12 1.699 2452.83 

MSR100T 2 30 15 35 13.0 0.14 5.3 12 1.710 2452.83 

MSR100T 3 30 15 35 13.0 0.14 5.3 12 1.711 2452.83 

Mean 33.3         1.707 2452.8 

Table A2.19: 7 days curing concrete cylindrical test result of different sand samples 
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Table A2.20: 14 days curing concrete cylindrical test result of different sand samples 

 

NO.   

Sample 

T
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e 
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3
) 

L D 

MSR0 T 1 

28 

30 15 

0.5 

55 13.3 0.14 5.3 26 3.634 2509.43 

MSR0 T 2 30 15 55 13.5 0.14 5.3 29 4.109 2547.17 

MSR0 T 3 30 15 55 13.0 0.14 5.3 28 3.926 2452.83 

Mean 55.0     3.889 2503.1 

MSR50 T 1 

28 

30 15 

0.5 

35 12.5 0.14 5.3 24 3.369 2358.49 

MSR50 T 2 30 15 38 12.5 0.14 5.3 24 3.368 2358.49 

MSR50 T3 30 15 38 13.0 0.14 5.3 24 3.450 2452.83 

Mean  37.0         3.396 2389.9 

MSR100 T 1 

28 

30 15 

0.5 

30 12.0 0.14 5.3 24 3.369 2264.15 

MSR100 T 2 30 15 35 12.0 0.14 5.3 23 3.258 2264.15 

MSR100 T 3 30 15 35 12.5 0.14 5.3 24 3.380 2358.49 

Mean 33.3         3.336 2295.6 

Table A2.21: 28 days curing concrete cylindrical test result of different sand samples 
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3
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L D 

MSR0 T 1 

14 

30 15 

0.5 

44.6 13.0 0.14 5.3 23 3.260 2452.83 

MSR0 T 2 30 15 42.2 13.7 0.14 5.3 24 3.398 2584.91 

MSR0 T 3 30 15 46.1 13.5 0.14 5.3 24 3.400 2547.17 

Mean 44.3         3.353 2528.3 

MSR50 T 1 

14 

30 15 

0.5 

27.8 13.0 0.14 5.3 18 2.548 2455.56 

MSR50 T 2 30 15 26.9 12.5 0.14 5.3 19 2.689 2455.56 

MSR50 T3 30 15 25.0 13.0 0.14 5.3 19 2.727 2455.56 

Mean 26.6         2.655 2455.6 

MSR100 T 1 

14 

30 15 

0.5 

44.9 12.5 0.14 5.3 16 2.265 2233.33 

MSR100 T 2 30 15 46.0 12.5 0.14 5.3 15 2.123 2233.33 

MSR100 T 3 30 15 42.0 12.5 0.14 5.3 16 2.265 2233.33 

Mean 44.3         2.218 2233.3 
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2.3. Experimental results for workability and flexural strength for C-25 

2.3.1. Workability and flexural strength of concrete using sand samples. 

NO.   
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T
es

t 
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ay
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d l d1 

MSR0 F 1 

7 

15 45 50 

0.5 

39.5 19 0.17 0.01 16 1.90 1688.89 

MSR0 F 2 15 45 50 41.2 19.5 0.17 0.01 19 2.30 1733.33 

MSR0 F 3 15 45 50 34.1 19 0.17 0.01 20 2.40 1688.89 

Mean 38.3         2.20 1703.7 

MSR50 F 1 

7 

15 45 50 

0.5 

30.0 18 0.17 0.01 15 1.80 1600.00 

MSR50 F 2 15 45 50 2 6.0 18.5 0.17 0.01 15 1.75 1644.44 

MSR50 F 3 15 45 50 28.0 18.5 0.17 0.01 15 1.80 1644.44 

Mean 28.0         1.78 1629.6 

MSR100 F 1 

7 

15 45 50 

0.5 

47.5 17.5 0.17 0.01 9 1.10 1555.56 

MSR100 F 2 15 45 50 45.0 17.5 0.17 0.01 13 1.50 1555.56 

MSR100 F 3 15 45 50 42.5 17.5 0.17 0.01 10 1.20 1555.56 

Mean 45.0         1.27 1555.6 

Table A2.22: 7 days curing concrete flexural test result of different sand samples 
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L W H 

MSR0 F 1 

14 

15 45 50 

0.5 

39.5 19 0.17 0.01 30 3.60 1688.89 

MSR0 F 2 15 45 50 41.2 18.5 0.17 0.01 24 2.85 1644.44 

MSR0 F 3 15 45 50 34.1 19 0.17 0.01 29 3.45 1688.89 

Mean 38.3         3.30 1674.1 

MSR50 F 1 

14 

15 45 50 

0.5 

30.0 17 0.17 0.01 23 2.79 1511.11 

MSR50 F 2 15 45 50 26.0 18 0.17 0.01 23 2.71 1600.00 

MSR50 F 3 15 45 50 28.0 17.5 0.17 0.01 23 2.79 1555.56 

Mean 28.0         2.76 1555.6 

MSR100 F 1 

14 

15 45 50 

0.5 

47.5 17.5 0.17 0.01 17 1.98 1555.56 

MSR100 F 2 15 45 50 45.0 17 0.17 0.01 19 2.25 1511.11 

MSR100 F 3 15 45 50 42.5 16.5 0.17 0.01 18 2.16 1466.67 

Mean 45.0         2.13 1511.1 

Table A2.23: 14 days curing concrete flexural test result of different sand samples 
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MSR0 F 1 

28 

15 45 50 

0.5 

39.5 19 0.17 
0.01 

38 4.50 1688.89 

MSR0 F 2 15 45 50 41.2 
18.

5 
0.17 

0.01 
30 3.56 1644.44 

MSR0 F 3 15 45 50 34.1 19 0.17 0.01 35 4.14 1688.89 

Mean 38.3         4.07 1674.1 

MSR50 F 1 

28 

15 45 50 

0.5 

30.0 17 0.17 
0.01 

30 3.63 1511.11 

MSR50 F 2 15 45 50 26.0 18 0.17 
0.01 

30 3.63 1600.00 

MSR50 F 3 15 45 50 28.0 
17.

5 
0.17 

0.01 
30 3.63 1555.56 

Mean 28.0         3.63 1555.6 

MSR100 F 1 

28 

15 45 50 

0.5 

47.5 
17.

5 
0.17 

0.01 
30 3.63 1555.56 

MSR100 F 2 15 45 50 45.0 17 0.17 
0.01 

27 3.24 1511.11 

MSR100 F 3 15 45 50 42.5 
16.

5 
0.17 

0.01 
28 3.38 1466.67 

Mean 45.0         3.41 1511.1 

Table A2.24: 28 days curing concrete flexural test result of different sand samples 
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S/n Description 
Year 

E.C. 
Unit 

Avg. cost per 

year in (Birr) 

1 

Maki sand including 

transportation and loading 

unloading Natura River Sand 

2000 m3 173.24 

2 ""                       "" 2001 m3 191.16 

3 ""                       "" 2002 m3 227.00 

4 ""                      "" 2003 m3 286.74 

5 ""                      "" 2004 m3 322.58 

6 

Lafesa sand including 

transportation and loading 

unloading Natura River Sand 

2005 m3 346.48 

7 ""                           "" 2006 m3 382.32 

8 ""                        "" 2007 m3 406.21 

9 ""                        "" 2008 m3 567.50 

10 ""                       "" 2009 m3 555.56 

11 ""                       "" 2010 m3 555.56 

12 ""                           "" 2011 m3 555.56 

13 

Metehara sand including 

transportation and loading 

unloading Natura River Sand 

2011 m3 597.37 

Table A2.25: Sand material cost purchased from suppliers (by Oromia Construction Works 

Enterprise) 


