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ABSTRACT 

River sand/natural fine aggregate used in concrete production may contain excessive 

silt and clay as well as organic impurities. These impurities affect the overall 

performance of the concrete product. The objective of this research is to evaluate the 

level of silt/clay contents, organic impurities present in sand being supplied to Addis 

Ababa construction industry and to assess the effect of these impurities on workability 

and compressive strength through experimental investigation. Based on the 

methodology for sampling, nine samples of sand were collected from two main sand 

local markets found at Akaki and Alamgena. Visual inspections, index property, 

impurities, workability, and compressive strength tests were conducted on nine sand 

samples. Grain size analysis test results revealed that all local sand samples cannot 

fulfill the requirement set by ASTM 117 standard as they are collected directly from 

their natural places. The index properties test reveals that sand used for the study 

qualifies the aggregate requirements. According to ASTM C40, the organic impurity 

test result did not present in numerical value therefore difficult to determine their 

effect quantitatively. But, for further investigation, the result of the NaOH solution 

was divided into three and leveled accordingly. From each sand sample, nine concrete 

cubes with 150 mm × 150 mm × 150 mm size were cast using concrete mix ratio 

1:2:2.5 for the strength of 30 MPa that can be used (mostly) in moderate height 

building (cement: sand: coarse aggregates: water). To determine variation in strength 

as regards the different percentages of impurities present in fine aggregates samples. 

Concrete cubes produced from each sand samples with the same coarse aggregates, 

cement, and water were subjected to compressive strength tests at the age of 3, 7 and 

28 days. It was discovered that the higher the percentage of silt/clay content in the 

sand samples, the higher the reduction effect on the cube strength and the more the 

fine content reduction on workability. This study recommends that on means of 

achieving required cube strength when using sand from the study area.  

 

.  

Keywords: Rivers sand, silt/clay contents, organic impurities, compressive 

strength and workability 
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CHAPTER ONE 

1. INTRODUCTION 

1.1. Background of the Study  

Concrete is widely used as construction composite materials for various types of 

structure due to its durability. For a long time, it was considered to be a very durable 

material requiring little or no maintenance. Many factors can adversely affect the 

durability of concrete structures such as poor design, poor supervision, impurities 

(such as clay/silt, debris), etc., [8]. In Portland cement concrete, 60% to 75% of the 

volume and 79% to 85% of the weight are made up of aggregates [6]. Out of the total 

composition of concrete, the fine aggregate consumes around 20 to 30% of the 

volume, which is generally used in the construction works; it strongly influences its 

hardened properties, mixture proportion, and economy.  

Fine aggregates, in general, those found naturally (Pit, river or marine sand) or those 

which are manufactured (manufactured sand). Pit sand, river sand, and marine sand 

being the different sources of natural fine aggregate. River sand is one of the concrete 

constituent commonly used as fine aggregate in concrete production as it is the 

cheapest natural material. The composition of sand is highly variable, depending on 

the local rock sources and conditions, the most common constituent of sand in inland 

continental settings and non-tropical coastal settings is silica (silicon dioxide, or 

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

a sand grain. Sand grains are between gravel and silt [7].  

Sand is expected to be free of debris, impurities, clay/silt content for optimum 

performance; the presence of any of these unwanted materials could slow down the 

hydration process thereby affecting the overall performance of concrete [4]. Silt/clay 

or particles below 75µm is not as strong as typical fine aggregates. Silts are the non-

plastic fines, inherently unstable in the presence of water. Clays are the plastic fine-

grained soils. They have a low resistance to deformation when wet, but they dry to 

hard, cohesive masses. Sand containing large quantities of silt and clay are the most 

troublesome to the engineer. They can absorb water and their properties can change. 

In fresh concrete, silt/clay will interfere with the bonding of aggregates to cement. In 

hardened concrete, if the silt/clay 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 (shrinking). Fine aggregates containing more than the 

allowable percentages of silt are required to be washed to bring the silt content within 



2 

 

allowable limits. The British Standards (BS), and the American Standard for Testing 

and Materials (ASTM) which recommends 4% and 10% of fines in building sand 

respectively and according to Ethiopian standard it is recommended to wash the sand 

or reject if the silt content exceeds a value of 6 % as it is stated in construction 

materials and laboratory manual[9]. It is also important that the aggregate has good 

strength, durability, and weather resistance; the organic impurities (carbons material) 

in the sand are in the form of decays of vegetables, trees, and remains of animals. The 

organic matters that may weaken the bond with cement paste; and that no unfavorable 

chemical reaction takes place between it and the cement. This type of sand is harmful 

for use in construction work. The methods of determining the content of these 

deleterious materials are prescribed by BS 882, and ASTM C 117. These include the 

determination of contents of organic impurities, clay, or any deleterious material or 

excessive fillers of sizes smaller than 75µm.  

Concrete containing fine sand requires more water for the same consistency, as 

measured by the slump test than an equivalent amount of coarser sand. Very coarse 

sand can have an undesirable effect on finishing quality. Neither very fine nor very 

coarse sand is desirable [5]. The fine aggregate should be uniformly graded. If a fine 

aggregate is too coarse it will produce bleeding, segregation, and harshness, but if it is 

too fine, the demand for water will be increased. The particle size distribution of sand 

affects the properties of concrete like packing density, voids content, workability, and 

strength. Uniformly distributed mixtures generally lead to higher packing resulting in 

concrete with higher density and less permeability, and improved abrasion resistance. 

Consequently, uniformly distributed mixtures require less paste, thus decreasing 

bleeding, creep, and shrinkage.  

This research paper generally focuses on the river type of fine aggregates which are 

used in concrete making and which are available at local supply points for Addis 

Ababa city. The major sand supply source is the Awash basin located about 70-120 

km southeast of the city [1]. Typically, sand is produced by manual labor and 

transported by an animal to trucks and then the sand is transported to Addis Ababa 

[1]. The fundamental questions are the identification of sand mines sources, 

availability, quality and how to maintain these are big challenges. This paper seeks to 

determine the quality of the sources; the level of silt/clay contents, organic impurities 

and to analyze the effect of these impurities on the compressive strength and 

workability of concrete. 
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1.2. Statement of the Problem 

Sand, which is graded according to a specified standard, is normally used for the 

production of concrete. To check a given concrete mix against standard values, it is 

necessary to carry out a similar test with river sand that is collected from a different 

source. This would enable the engineer to determine the quality of the sand used in 

any concrete mix for construction purposes. Depending on the required services, 

concrete may be made to have properties that comprise strength, elasticity, water 

tightness, durability, and the likes. Concrete strength comprises; compressive, tensile 

and shear strengths. Since the primary function of practically all structures is to carry 

loads or resist applied forces of whatever nature, concrete used for such purposes 

must have strength. Concrete constituents are properly sourced and tested for any 

impurities that degrade the quality of the product. Quality control is the most 

significant step in producing a good quality of products. In respect of good quality 

concrete productions, there are two distinct but equally important activities one is 

related to material and the other is related to the process involved in its production. If 

care is not taken for materials on their quality, poor quality of products is obtained no 

matter how the production process is proper. Considering the high proportion of silt 

fines found in the river sand and the impact of the material on the properties of 

concrete should be examined. Silt/clay is not as strong as typical fine aggregates. 

They can absorb water and their properties can change. In fresh concrete, silt/clay will 

interfere with the bonding of aggregates to cement. In hardened concrete, if the 

silt/clay 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 (shrinking). Silt/clay is much finer than fine aggregates and having non-

cohesive property due to which it does not react with cement, fine aggregates and 

with water it starts reacting like shrinking and swelling but still exists in concrete 

which causes unwanted hairline or sometimes major cracks in the concrete depending 

on the percentage of silt/clay. On the other hand, organic impurities (carbons material) 

present in the sand in the form of decays of vegetables, trees, and remains of animals. 

This type of deleterious materials can slow down the hydration process and the 

overall quality of concrete. It has been verified and found, at various project locations, 

that it has become increasingly difficult to get river sand of consistent quality in terms 

of grading requirements and limited impurities. It is because no data shows good 

quality of sand sources for Addis Ababa. The method of quarrying sand is generally 
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very old and the producers do not attempt to clean and grade the sand right from the 

source [1]. Some suppliers do spoil sand by mixed it up with soils to dilute the 

negative color, and to reduce silt and clay content for unjustified economic gains. 

Therefore, this research aims to evaluate the quality of river sand that supplied to 

Addis Ababa, to compare the quality of the sources and to assess the effect of the 

impurities on compressive strength and workability.  

1.3. Objectives of the Study 

1.3.1. General Objective 

The general objective of this study is to compare the quality of the river sand through 

investigating the level of silt/clay contents, organic impurities present in river sand 

that being supplied to Addis Ababa and to analyze the effect of these impurities on 

workability and compressive strength.  

1.3.2. Specific Objectives  

The specific objectives of this study are: 

1. To determine the amounts of clay/ silt, and organic impurities present in river 

sand that is being supplied to Addis Ababa and to identify their suitability with 

the standard requirements; 

2. To analyze the shape and texture for the selected river sand using Zeta optical 

profiler software. 

3. To evaluate the effect of the impurities of sand supplied to Addis Ababa on 

workability and compressive strength of concrete using multiple regression 

techniques.  

4. To investigate the performance of concrete using river sand from different 

sources and made comparisons through workability and compressive strength; 

1.4. Research Questions 

1. Do the amounts of clay, fine silt, and organic impurities present in river 

sand that is being supplied to Addis Ababa meet specified standard 

requirements?  

2. Is there any difference between shape and texture of the selected river sand? 

3. How we can evaluate the effect of impurities in river sand on workability and 

compressive strength of concrete? 

4. Is there any difference among the performance of concrete using river sand 

from a different source on their workability and compressive strength? 
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1.5. Significance of the Study  

The study has practical importance in providing invaluable input to the Addis Ababa 

construction industry, educational institutions and ready mix concrete producers' in 

particular. The construction industry and ready mix concrete producer will get 

improved knowledge and practical understanding towards sand impurities on the 

respective sand source. This will help them to design appropriate intervention to 

positively influence the outcomes. Besides, the identification of the sand impurities 

problem might be informative for improved quality control strategy. Further, the 

consulting firm will benefit to prepare improved quality control and quality assurance 

manual as a result of evidence-based refinement of the approach and practice. 

Likewise, the findings of the study will add to the empirical literature in the study of 

construction materials and related topics. 

1.6. Scope of the Study 

Generally, as the title of the thesis reveals the goal of the research is to compare 

compressive strength and workability of concrete produced using river sand supplied 

to Addis Ababa, through experimental and analytical studies of concrete made from a 

different source. 

To study all concrete properties requires studying and/or conducting laboratory tests 

on these entire properties that in turn require huge time, effort, budget and other 

resources that are absolutely beyond the objective of this research.  

The primary function of practically all structures is to carry loads or resist applied 

forces of whatever nature; concrete used for such purposes must have strength.  

Furthermore, strength usually gives an overall picture of the quality of concrete, and it 

is considered a good index whether direct or inverse, of most of the other properties 

[21]. Therefore, the research mainly focuses on the workability and compressive 

strength of concrete made of the river sand from Zuway79, Arusi, Abomsa, Adama71, 

Alage, Sodere, Werabe, Maki and Matahara (Awash basin) source. 

Literature review on properties of concrete and concrete making materials, and 

laboratory tests on physical properties of sand and compressive strength of concrete 

cubes produced from the sand samples are the bases to evaluate mainly the 

workability and compressive strength and partly other properties of the concretes 

produced using the different sand source so that comparisons on the performance of 

this concrete are going to be made. The research is, therefore, made based on 

laboratory test results. 
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1.7. Organization of the Thesis 

The thesis is divided into five chapters and each chapter contains several sections and 

further subsections. These three levels are identified by numbers and break down the 

majority of the text into manageable portions. The first chapter includes the 

introduction part of the whole thesis. It discusses the background to the research, 

statement of the problem part, the objective of the study, the significance of the study 

and lastly the scope of the experimental and analytical studies of concrete properties 

and the limitation the study specifically addressed in terms of specific objectives. The 

theoretical and empirical description of the review of previous studies concerning the 

effect of sand impurities on concrete properties where described hereunder Chapter 

two, Under chapter three the research inquiries should be processed using different 

methods, by answering how the study is conducted to reveals the specific objectives. 

Chapter four will cover the result and discussion part of the study where questions of 

the study answered and finally the main conclusion and recommendations that can be 

drawn from the current study are summarized, and also suggestions for future studies 

are outlined under Chapter five of the body of the thesis. 
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CHAPTER TWO 

2. REVIEW OF RELATED LITERATURE 

2.1.  Introduction  

This chapter of the study presents the findings from different reviewed literatures on the 

general about concrete constituents, sand/fine aggregate, characteristics fine aggregate, 

requirements of river sand for concrete production and the conclusions drawn by different 

author related to the topic are over viewed.  Hence, the literature review tried to highlight 

these issues in relation to quality requirements with the main focus being on workability and 

compressive strength.  

2.2. Theoretical reviews 

The construction industry is growing with major trust in infrastructure and the rate of 

urbanization is rapidly growing day by day. The demand for sand as a construction 

material is also increasing due to the absence of impurities compared to pit sand [22]. 

We are using these natural minerals for the construction of infrastructures like 

housing, road works, railway works, irrigation works, dam works, bridgeworks, and 

other construction works. Sand is an important construction material of natural origin. 

Mixed with cement and lime, millions of tons of sand are used every month for 

construction as mortar, plasters, and concrete.  Concrete was a strong durable building 

material having a wide range of strengths that can be formed into many varied shapes 

and sizes ranging from a simple rectangular column, to a slender curved dome or 

shell, if the constituent materials are carefully selected. The constituent materials are 

cement, fine aggregate, coarse aggregate, and water. Fine aggregates are one of the 

important constituents in the concrete composite that help in reducing shrinkage and 

impart economy to concrete production. River sand used as fine aggregate in concrete 

is derived from river banks. Sand/fine aggregate for concrete is usually specified to 

comply with a requirement that provides a test for the suitability of aggregate.  

When the fines content in the sand is excessive, there is the need to add more water to 

the concrete mix in other to improve the workability. That is fine particles such as 

clay and cement interact with water in a physiochemical state which leads to more 

absorption of water than that of fine and coarse aggregates. Research has shown that a 

higher amount of sand fines in concrete results in poor workability. This eventually 

leads to the addition of water to the concrete mix before or even during the unloading 

process to improve workability meanwhile, research has also shown that an increase 

in water/cement ratio results in a decrease in the compressive strength of concrete. 



8 

 

Silts are different from clays in many important respects, but because of their similar 

appearance, they are often mistaken for each other, sometimes with unfortunate 

results. Dry, powdered silt and clay are indistinguishable, but they are easily 

identified by their behavior in the presence of water. Silts are the non-plastic fines 

found in sand, inherently unstable in the presence of water. Clays are the plastic fine-

grained soils found in sand. They have a low resistance to deformation when wet, but 

they dry to hard, cohesive masses. River sand has been the most popular choice for 

the fine aggregate component is commonly used as fine aggregate is well-graded with 

well-distributed particle sizes under mechanical and chemical weathering. These 

materials exhibit marked changes in physical properties with fine particle contents. 

The engineering properties of fine sand are highly related to the relative proportions 

of different sizes of particles presented.  

2.2.1. Constituents of Concrete  

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

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

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

chemical reaction of the cement and water (Figure 2.1). Supplementary cementitious 

materials and chemical admixtures may also be included in the paste. Aggregates are 

generally divided into two groups: fine and course. Fine aggregates consist of natural 

or manufactured sand with particle sizes ranging up to 9.5 mm (3⁄8 in.); coarse 

aggregates are particles retained on the 1.18 mm (No. 16) sieve and ranging up to 150 

mm (6 in.) in size. The maximum size of coarse aggregate is typically 19 mm or 25 

mm (3⁄4 in. or 1 in.). An intermediate-sized aggregate, around 9.5 mm (3⁄8 in.), is 

sometimes added to improve the overall aggregate gradation. The paste is composed 

of cementitious materials, water, and entrapped air or purposely entrained air. The 

paste constitutes about 25% to 40% of the total volume of concrete. Figure 2.1 shows 

that the absolute volume of cement is usually between 7% and 15% and the water 

between 14% and 21%. Air content in air-entrained concrete ranges from about 4% to 

8% of the volume, since aggregates make up about 60% to 75% of the total volume of 

concrete, their selection is important. Aggregates should consist of particles with 

adequate strength and resistance to exposure conditions and should not contain 

materials that will cause deterioration of the concrete. 
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Figure 2.1:  Range in proportions of materials used in concrete, by absolute volume. 

Bars 1 and 3 represent rich mixes with small size aggregates. Bars 2 and 4 represent 

lean mixes with large size aggregates. [26]  

A continuous gradation of aggregate particle sizes is desirable for efficient use of the 

paste. The quality of the concrete depends upon the quality of the paste and aggregate, 

and the bond between the two. In properly made concrete, each and every particle of 

aggregate is completely coated with paste and all of the spaces between aggregate 

particles are completely filled with paste, as illustrated in Fig. 2.2: 

 

Figure 2.2: Cross section of hardened concrete made with (left) rounded siliceous 

gravel and (right) crushed limestone. Cement-and-water paste completely coats each 

aggregate particle and fills all spaces between particles. [26]  

For any particular set of materials and conditions of curing, the quality of hardened 

concrete is strongly influenced by the amount of water used in relation to the amount 

of cement (Figure 2.2 :). Unnecessarily high water contents dilute the cement paste 

(the glue of concrete). Following are some advantages of reducing water content: 

Increased compressive and flexural strength Lower permeability, thus lower 
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absorption and increased water tightness Increased resistance to weathering Better 

bond between concrete and reinforcement Reduced drying shrinkage and cracking 

Less volume change from wetting and drying The less water used, the better the 

quality of the concrete—provided the mixture can be consolidated properly. Smaller 

amounts of mixing water result in stiffer mixtures; but with vibration, stiffer mixtures 

can be easily placed. Thus, consolidation by vibration permits improvement in the 

quality of concrete. The freshly mixed (plastic) and hardened properties of concrete 

may be changed by adding chemical admixtures to the concrete, usually in liquid 

form, during batching. Chemical admixtures are commonly used to; 

 Adjust setting time or hardening,  

 Reduce water demand,  

 Increase workability,  

 Intentionally entrain air, and  

 Adjust other fresh or hardened concrete properties.  

After completion of proper proportioning, batching, mixing, placing, consolidating, 

finishing, and curing, concrete hardens into a strong, noncombustible, durable, 

abrasion-resistant, and watertight building material that requires little or no 

maintenance. Furthermore, concrete is an excellent building material because it can be 

formed into a wide variety of shapes, colors, and textures for use in an unlimited 

number of applications.” [26] 

2.2.2. Cement 

Non-hydraulic cement concretes are the oldest used in human history. As early as 

around 6500 B.C, non-hydraulic cement concretes were used by the Syrians and 

spread through Egypt, the Middle East, Crete, Cyprus, and ancient Greece. The non-

hydraulic cements used at that time were gypsum and lime. Historically Romans used 

Pozzalana, animal fat, milk, and blood as admixtures for building concrete. To trim 

down shrinkage; they were known to have used horsehair. Historical evidence shows 

that the Assyrians and Babylonians used clay as the bonding material. Lime was 

obtained by calcining limestone. [6] In a concrete mixture the function of the cement 

is to react with water forming a plastic mass when the concrete is fresh and a solid 

mass when the concrete is hard. The properties of the hardened paste are affected by 

the characteristics of the cement and, the completeness of chemical combination 

between the cement and water. Thus, it is essential to discuss about the prominent 

characteristics of cement and the logic behind the hydration of cement. Types of 
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Portland cement can be varied in type by changing the relative proportions of its 

prominent chemical compounds, by the degree of fineness of the clinker grinding 

and/or by adding some pozzolanic materials. As a result, there are several types of 

cements for different purposes. Some of them are: Ordinary Portland cement (OPC), 

Rapid Hardening Portland Cement, Sulfate Resisting Portland Cement, Low heat 

Portland cement, Portland Pozzolana Cement (PPC). [21]. Hydration is the chemical 

reaction between the cement particles and water. The features of this reaction are the 

change in matter, the change in energy level, and the rate of reaction. Since PC is 

composed of several compounds, many reactions are occurring concurrently 

Hydration refers to the reaction of cement and water leading to the hardening of the 

paste. Hydration is an exothermic process that leads to heat generation. [6] 

2.2.3. Water 

Any potable water is suitable for making concrete. However, some non-potable water 

may also be suitable. Frequently, material suppliers use unprocessed surface or well 

water if it can be obtained at a lower cost than processed water. However, impurities 

in the mixing water can affect concrete set time, strength, and long-term durability. 

The acceptance criteria for questionable water are specified in ASTM C94. After 7 

days, the average compressive strength of mortar cubes made with the questionable 

water should not be less than 90% of the average strength of cubes made with potable 

or distilled water (ASTM C109). Also, the set time of cement paste made with the 

questionable water should, as measured using the Vicat apparatus (ASTM C191), not 

be 1 h less than or 1
1
/2 h more than the set time of paste made with potable or distilled 

water. Addition to the compressive strength and set time, there are maximum chemical 

limits that should not be exceeded in the mixing water. Several tests are available to 

evaluate the chemical impurities of questionable water. Over 100 different compounds 

and ions can exist in the mixing water and can affect concrete quality. [6] 

2.2.4. Aggregate  

Aggregates are part of a large parent material, which may have been fragmented by a 

natural process of weathering and abrasion or artificially by crushing. As a result, 

many properties such as chemical and mineral composition, specific gravity, 

hardness, strength, physical and chemical stability; colors depend entirely on the 

properties of the parent rock. These properties are very essential in the production of 

quality concrete. Apart from the properties of the parent material, there are aggregate 

properties such as grading, shape, surface texture which are very important than the 
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properties of the parent material in producing strong, durable and economical 

concrete. In a concrete mixture, the aggregates form the inert mineral filler material, 

which the cement paste binds together. Because the aggregates provide relatively 

cheap filler, it is advisable to use as many aggregates as a given amount of paste will 

bind together. In addition to being relatively cheap filler, the aggregates reduce the 

volume changes resulting from the setting and hardening process and moisture 

changes in the paste. Aggregate contributes about 75 % by volume of concrete, 

creating stability from volume change and by far cheaper than cement, aggregate 

affects not only the properties of the concrete but also its economy. Thus, care should 

be given in choosing aggregate in concrete production [19]. In compacted hardened 

concrete, the paste fills the voids between the aggregate particles and bonds them 

firmly together. That is, the paste holds the aggregate particles together as a matrix. 

The remainder consists of hardened cement paste, uncombined water (i.e. water not 

involved in hydration of cement), and air voids. The latter two do not contribute to the 

strength of the concrete. In general, the more densely the aggregate can be packed, the 

better the durability and economy of the concrete. For this reason, the gradation of the 

particle sizes in the aggregate, to produce close packing, is of considerable 

importance. It is also important that the aggregate has good strength, durability, and 

weather resistance; that its surface be free from impurities such as loam, clay, silt, and 

organic matter that may weaken the bond with cement paste; and that no unfavorable 

chemical reaction takes place between it and the cement [19].  

The following classification will be made according to common practice: material 

retained in the No. 4 sieve will be considered coarse aggregate, material passing No. 4 

sieve and retained in the No. 200 sieve (75 µm) will be considered fine aggregate, and 

material passing No. 200 sieve will be called hereinafter micro fines. This 

classification is summarized in Table 2.1.  

Table 2.1: Classification of Aggregates 

Aggregate Fraction Size Range 

Coarse  Retained in No.4 

Fine  Passing No. 4 – Retained in No. 200 

Micro fines Passing No. 200 
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2.2.4.1. Sand/Fine Aggregate  

Fine aggregate: The material below 4.75mm. Size is termed as fine aggregate. The 

sum of all types of deleterious material in fine aggregate should not exceed 6%. 

Natural sand or crushed stone dust is the fine aggregate chiefly used in the concrete 

mix. Sand may be obtained from sea, river, lack or pit, but when used in a concrete 

mix, it should be properly washed and tested to the ascertained total percentage of 

clay, silt, salt, and other such organic matter does not exceed of specified limit"[23]. 

"Sand- A fine aggregate which is either natural sand crushed stone sand or crushed 

gravel sand. Natural sand a fine aggregate produced by the nature of the rock. 

Crushed stone sand and crushed gravel sand-Fine aggregates produced by the 

artificially crushing a hard stone or rock after quarrying, and natural gravel 

respectively. Fine aggregates are the material that will pass a No. 4 sieve, and will 

predominantly retain on a No. 200 sieve. To increase workability and for the 

economy, as reflected by using less cement, the fine aggregates should have a 

rounded shape. Their purpose is to fill the voids between coarse-aggregate particles 

and to modify the concrete's workability [7]. The sand from the river due to the 

natural process of attrition tends to possess a smoother surface texture and better 

shape. It also carries moisture that is trapped between the particles. These characters 

make concrete workability better. However, silt and clay carried by river sand can be 

harmful to the concrete since clay particles have a large surface area per unit volume 

and can hold more water and nutrients on these surface areas. Changes in water 

content of some clay give rise to swelling and shrinkage of soil volume which highly 

affects the strength of the concrete. This can be seen by the presence of cracks that 

develop as the clay soil dries and shrinks. 

2.2.4.2. Classification of Sand 

It is true people do not wonder about the origin of sand. Thousands of years need to 

pass for rocky material to finally turn into sand or clay. The sand that eroded from 

sandstone rocks, deposited as a beach, dune or desert. After millions of years, 

sandstone rocks turned into sandstone cliffs and eventually eroded for the second 

time. Generally sand can be classified into three categories from different prospect: 

Sand’s origin point of view, Composition Point of view and Grain size point of view  

Under origin point of view we can divided into 4 sub categories i.e.  

i) river sand  

ii) Pit sand and  
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iii) Marine sand and  

iv) Sand dune  

Under composition point of view, we can divide into 3 sub categories i.e.  

i) Clean sand  

ii) Silt sand and  

iii) Clayey sand.  

Under Grain size point of view, we can divide into 3 sub categories i.e. 

i) Course sand  

ii) Medium sand and  

iii) Fine sand  

“Sand found in land deposits is known as “pit sand” such grains are generally 

irregular, shape and angular. Sand carried by water, such as found along banks of 

rivers or lakes is known as “river sand” such grains are generally rounded and 

smooth, due to the action of water. Both types of sand are suitable for cement work, 

so long as they are well-graded and clean” [27]. “Texture: Sandstones are composed 

almost entirely of well-sorted, sub-angular to rounded sand grains. The texture of sand 

stone is:  

(i) Course grained” when the size of grains is 2 to 0.5mm,  

(ii) Medium grained when the size of grains is 0.5 to 0.25mm, and  

(iii)Fine grained when the size of grains is 0.25 to 0.1mm.  

Sand fractions: The fraction of soil composed of particles between the sizes 2.0 mm 

and 0.06mm. The sand fraction may be sub divided as follows. BS test sieve sizes to 

be used for separation Course sand 2.0mm to 0.6mm 2mm to 600µm Medium sand 

0.6mm to 0.2mm 600µm to 212µm Fine sand 0.2mm to 0.06mm 212µm to 63µm  

a. According to mode of origin, sands are of three types, namely, pit sands, stream 

sands, and marine sands.  

b. According to composition. Following three categories of sand are recognized in 

engineering fields:  

 Clean sands. These are well-graded containing entirely or mostly quartz (SiO2) 

particles in wide range of grain size.  

 Silt sands: These are poorly graded sands, which have considerable proportion 

of silt (particle size between (1/16 – 1/256mm) and other non-plastic-fines.  

 Clayey Sands: These are poorly graded sand having a prominent clay fraction 

(particle size below 1/256 mm) and also plastic fines.  
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Obviously, for the use of making mortars, plasters and concrete, sand of category 

clean sandmust only be used. Sand is also obtained by crushing natural quartzite rock 

to the required grain size.  

c. According to the grain size, sand is classified as coarse, medium and fine sand: 2-

1mm, 1-0.25mm, and 0.25mm- 0.15mm, respectively  

Sand is generally considered to have a lower size limit of about 0.07 mm (0.003 in.) 

or a little less. Material between 0.06mm (0.002 in) and 0.02 mm (0.0008 in.) is 

classified as silt, and smaller particles are termed clay. Loam is a soft deposit 

consisting of sand, silt and clay in about equal proportions [7].  

2.2.5. Effect of Aggregate Characteristics on Concrete 

Aggregate characteristics have a significant effect on the behavior of fresh and 

hardened concrete. Although these effects of aggregate characteristics change 

continuously as a function of particle size, the impact of some particle characteristics 

on the performance of concrete is different for micro-fine, fine and coarse aggregates 

as well as the characterization tests required for each of these fractions. Some main 

the characteristics of aggregate that affect the performance of fresh and hardened 

concrete are: 

 Shape and texture 

 Grading 

 Absorption 

 Mineralogy and coatings 

 Strength and stiffness 

 Specific gravity or relative density 

 Soundness and toughness 

 Clay/ Silt Particle of Sand 

 Clayey silt in mixing water 

 Clayey Silt in Concrete 

 Deleterious Substance of aggregate 

2.2.5.1. Effect of Aggregate Shape and Texture  

The shape and texture of fine aggregate have an important effect on the workability of 

fresh concrete and affect the strength and durability of hardened concrete. The effects 

of shape and texture of fine aggregate are much more important than the effects of 

coarse aggregate. Cubical or spherical particles have less specific surface area than 

flat and elongated particles. Flaky and elongated particles negatively affect 
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workability, producing very harsh mixtures. Forgiven water content these poorly 

shaped particles lead to less workable mixtures than cubical or spherical particles. 

Conversely, forgiven workability, flaky and elongated particles increase the demand 

for water thus affecting the strength of hardened concrete. Spherical or cubical 

particles lead also to better pump ability and finish ability as well as produce higher 

strengths and lower shrinkage than flaky and elongated aggregates [10]. Angular 

particles tend to increase the demand for water as they have higher void content than 

round particles. Thus, the compressive and flexural strengths of concrete seem to 

depend on angularity: angular particles tend to increase strengths. The surface texture 

affects workability but it is not as important as grading and shape [11]. Rough 

aggregate tends to increase the water demand for a given workability. Surface texture 

affects particle-packing efficiency since rough particles have higher void content; the 

impact of surface texture on concrete behavior becomes more important as particles 

get smaller. On the other hand, surface texture has a significant effect on strength, as 

rough surfaces enhance the bond between particles and paste, thus increasing strength. 

The strength and permanence of the bond between the cement and aggregate are 

functions not only of the surface texture but also of the chemical characteristics of the 

aggregate. Since natural sand are often rounder and smoother than manufactured 

sands, natural sand usually require less water than manufactured sand for a given 

workability. However, workable concrete can be made with angular and rough 

particles if they are cubical and they are well graded. Manufactured sand that do not 

have cubical shape and that are very rough may negatively affect workability or water 

demand and should be avoided [12]. Bleeding is significantly affected by angular, 

flaky, and elongated particles. As a result, crushed aggregates tend to increase 

bleeding, as they tend to increase the water demand [13]. However, this could be 

counteracted by proper grading. Durability is also affected by shape and texture since 

durability is associated with low water content. Poorly shaped and angular aggregates 

increase the demand for water thus negatively affecting durability.  

2.2.5.2. Effect of Grading 

Grading or particle size distribution affects significantly some characteristics of 

concrete-like packing density, voids content, and, consequently, workability, 

segregation, durability and some other characteristics of concrete. The particle size 

distribution of fine aggregate plays a very important role in the workability, 

segregation, and pump ability of fresh concrete. Some properties of hardened concrete 
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are also affected by grading. Uniformly distributed mixtures generally lead to higher 

packing resulting in concrete with higher density and less permeability and improved 

abrasion resistance [14]. Although an excess of coarse aggregate could decrease 

drying shrinkage it will increase the number of micro-cracks within the paste. The 

scarcity or excess of any size fraction could result in poor workability and poor 

durability of concrete [11, 10]. The amounts of coarse and fine aggregate must be in 

balance. For example, excess sand requires more cementitious materials, produces 

sticky mixtures, makes pumping difficult, causes finishing and crazing problems and 

increases bleeding and permeability. Both coarse aggregate and fine aggregate should 

be uniformly graded. If the fine aggregate is too coarse it will produce bleeding, 

segregation, and harshness, but if it is too fine, the demand for water will be increased 

[13]. Proper grading should depend on the shape and texture of aggregates. Grading 

should also be changed depending on the construction procedures. For example, pump 

able concrete requires high fine aggregate content, just as hand finishing requires 

more fines passing the N 50 sieve than mechanical finishing does [13]. The effect of 

grading on strength is controversial. Although, according to some authors, a given 

strength can be achieved with both well-graded mixtures and poorly graded mixtures 

[10]. The current version of ASTM C 33 permits the use of blends, such that the 

resultant aggregate will have better characteristics than the original aggregates.  

2.2.5.3. Effect of Absorption 

Aggregate porosity may affect durability as freezing of water in pores in aggregate 

particles can cause surface pop-outs [15]. However, the "relationship between 

absorption and freeze-thaw behavior has not proven to be reliable" [16]. Nevertheless, 

absorption can be used as an initial indicator of soundness. Furthermore, aggregates 

with low absorption tend to reduce shrinkage and creep [13]. 

2.2.5.4. Effect of Mineralogy and Coatings 

Fine aggregates commonly contain small particles (surface coatings) that are bounded 

strongly or weakly to the aggregate surface. These fine particles may partially or 

completely cover the surface of the aggregate. The coating usually appears as layers, 

blends, patches, or individual grains. The most universal types of coatings are clays, 

calcium carbonates, and dust or silt. Clay coatings originate by precipitating water-

soluble materials from sand or gravel deposits and are different from the rest of the 

coatings in that they strongly adhere to the surface of the aggregate. Clay minerals 
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comprise a significant proportion of these finely divided materials and, as we shall 

also demonstrate, they are already known to cause deleterious effects in concrete [19]. 

Fine Aggregates with varying mineralogical composition produce concretes of diverse 

characteristics. This type of aggregate affects the strength and the stiffness and long-

term deformations of hardened concrete [17]. For example, some aggregates may 

react negatively with cement or, on the contrary, they may interact beneficially with 

paste, enhancing strength or stiffness. As a result, elastic modulus, creep, or shrinkage 

can vary as much as 100 percent depending on the aggregate type. This type of 

aggregate also affects the interfacial transition zone, ITZ, which affects strength and 

stiffness of concrete. Finally, this type of fine aggregate influences the abrasion 

resistance of concrete, particularly of high-strength concrete. Coatings, the layers of 

material covering the surface of aggregate, can increase the demand for water and can 

impair the bond between paste and particles. Sometimes these coatings are formed by 

materials that can interact chemically with cement, negatively affecting concrete. 

2.2.5.5. Effect of Strength and Stiffness 

The strength and the stiffness of coarse aggregate directly influence the behavior of 

hardened concrete: Although in normal concrete, strength is controlled by the paste or 

by the transition zone between paste and aggregate, the strength of high-performance 

concrete depends not only on the strength but on the mineralogy of coarse aggregate 

as well [18]. At the same time, aside from texture and shape the modulus of elasticity 

is the aggregate property that most affects compressive and flexural strengths of 

concrete. The higher the elastic modulus of aggregate the lower the flexural strength, 

Also, the elastic modulus of aggregate, as well as its volume concentration, affects the 

elastic modulus of concrete and the long-term effects, shrinkage and creep [18]. 

2.2.5.6. Effect of Relative Density (Specific Gravity) 

Relative density is not necessarily related to aggregate behavior. However, it has been 

found that some aggregates compounds of shale, sandstone, and chert that have 

somewhat low specific gravity may display poor performance, particularly in exposed 

concrete in northern climates(i.e., low permeability is an indicator of poor durability). 

2.2.5.7. Effect of Soundness and Toughness 

A sound aggregate has a satisfactory durability factor when used in properly mature 

concrete with enough air void content. Durability problems such as pop-outs" and D-

cracking in pavements in some regions have been reported associated with unsound 

aggregates. There is a critical aggregate size below which freeze-thaw problems 
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generally do not occur. Unfortunately, for most aggregates, this is greater than the 

sizes used in practice, except for some poorly consolidated sedimentary rocks. The 

toughness of aggregate affects the abrasion resistance of concrete. Hard aggregates 

should be used in pavements and elements subject to abrasion or erosion. The Los 

Angeles abrasion test is commonly used to assess toughness and resistance to abrasion 

of aggregate. However, as the Los Angeles test does not correlate well with concrete 

wear in the field, the resistance to abrasion of concrete should also be tested.  

2.2.5.8. Clay/ Silt Particles of Sand 

Sand is a product of natural or artificial disintegration of rocks and minerals. Sand is 

obtained from glacial, river, lake, marine, residual and wind-blown (very fine sand) 

deposits. These deposits, however, do not provide pure sand. They often contain other 

materials such as dust, loam, and clay that are finer than sand. The presence of such 

materials in the sand used to make concrete or mortar decreases the bond between the 

material 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 [19]. For good quality concrete, dust or clayey matter 

should not be present in excessive quantities on the surfaces of the aggregate 

particles; otherwise, the bond between the aggregate particles and the cement paste 

may be reduced [19]. The presence of dust (silt and clay) in aggregates can reduce the 

compressive strength of concrete by as much as 52% at 30% content and as much as 

57% at 52% content. This result shows that a significant increase in dust content has 

minimal impact on the percentage reduction of concrete compressive strength. To 

explain this behavior, it is pertinent to note that dust decreases the strength of concrete 

by two mechanisms: by reducing the bond between cement paste and aggregate, and 

by increasing the water requirement of the concrete which results in increased water 

to cement ratio. However, as the dust content of the concrete rises to a certain level, 

the reduction in bond strength decreases. Also, water requirement continues to rise as 

dust content increases, it is known, Kong and Evans [20] that as water/cement ratio 

increases to about 0.7, the strength of concrete rapidly decreases but as this ratio 

increases beyond 0.7, the strength of concrete begins to decrease more gradually. The 

magnitude of reduction in the strength of concrete with an increase in dust content 

depends on the type of coarse aggregate used. 
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2.2.5.9. Effects of clayey silt in mixing water 

As it was mentioned some of the clay coatings can remain attached to the surface of 

the aggregate after washing or mixing, and therefore they can modify the bond 

between aggregates and cement paste. Especially if clays have high water adsorption 

capacity, significant amounts of water can be retained in the surface of the aggregates 

and increase the porosity of the interface between aggregates and cement paste. The 

porosity of this particular area influences the durability of concrete. As an example, in 

severe marine environments, a porosity and weak zone between the aggregate and 

cement paste will improve the access of water and the intrusion of harmful ions into 

the concrete matrix [19]. 

2.2.5.10. Effect of Clayey Silt in Concrete 

Many scientists have investigated the interaction of clays and cement as pozzolanic 

additives. These studies have revealed that the presence of some type of clays in the 

cement mixture produces a decrease in the strength and an increase in shrinkage. For 

example, Unikowski found that the water demand, for making a workable cement 

mixture was related to the specific surface area of the clays present in the cement. He 

noted that a 3 % replacement of sand for montmorillonite decreased the compressive 

strength by nearly 40 % and doubled the amount of shrinkage. Pike theorized that the 

loss of strength in clay-mortars was caused by clays adsorbing part of the water used 

for the cement forming "impermeable envelopes" around the cement grains slowing 

the rate of the pozzolanic reactions. It can be concluded that most of the authors 

believe that a significant amount of clay in a cement mixture reduces the amount of 

water available for the hydration reactions and thereby decreases its workability and 

also alters the course of the pozzolanic reactions. As a result, hardened cement 

containing clay minerals is expected to have different physical properties from that of 

cement fabricated without clays. It has been widely reported that the presence of clays 

in cement reduces the compressive strength and increases shrinkage in the resulting 

concrete [19]. Aggregates with varying mineralogical composition produce concretes 

of diverse characteristics. The type of aggregate affects the strength and the stiffness 

and long-term deformations of hardened concrete. For example, some aggregates may 

react negatively with cement or, on the contrary, they may interact beneficially with 

paste, enhancing strength or stiffness. As a result, elastic modulus, creep, or shrinkage 

can vary as much as 100 percent depending on the aggregate type. The type of 

aggregate also affects the interfacial transition zone, ITZ, which affects the strength 
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and stiffness of concrete. Coatings, the layers of material covering the surface of 

aggregate, can increase the demand for water and can impair the bond between paste 

and particles [19].  

2.2.5.11. Effect of Deleterious Substance of Aggregate  

For satisfactory performance, concrete aggregates should be free of deleterious 

materials. There are three categories of deleterious substances that may be found in 

aggregates: impurities, coatings and weak or unsound particles. Deleterious substance 

and their effect were illustrated in table 2.2 below [28].  

Table 2.2: Deleterious substances in aggregates 

Deleterious substances Effect on concrete 

Organic impurities  Retained in No.4 

Materials finer than 75µm (no. 200) 

sieve  

Affects bond, increase water requirement 

 

Coal, lignite, or other lightweight 

materials  

Affects durability, may cause stains and 

pop 

Soft particles  Affects durability 

Clay lumps and friable particles  

 

Affects workability and durability, may 

cause pop out  

Cherty of less than 2.04 relative 

density  

Affects durability, may cause pop outs 

 

Alkali-reactive aggregates Causes abnormal expansion, map cracking, 

and pop outs 

 

2.2.6. Definitions and Basic Concepts of Quality  

There are many definitions of quality available in literatures. It is interesting to 

observe how its definition varies according to the particular emphasis of quality 

activities. The word quality has been used for several distinct purposes. These can be 

grouped into the following three categories as BSI part 1 and 2 1991:  

1. Comparative sense: as a degree of excellence, whereby, products may be rank 

on a relative basis, sometimes referred to as grade. 

2. Quantitative sense: as in manufacturing, product release and for technical 

evaluations, sometimes referred to as quality level. 

3. Fit-for-purpose sense:  



22 

 

This relates the evaluation of a product or service to its ability to satisfy a given need. 

According to BSI Part 2 1991, Quality was conceptualized as follow: 

 The Best Fitness (fit for the purpose) for the given money. 

 The Best Material Quality for the given money. 

 The Most Reliable Design for the given money. 

 The Highest Design Durability Allowance for the given money. 

 The Best Look or Prestigious Product for the given money.  

From a different perspective, Part 1 of BSI defines quality of product and service as 

the totality of the features and characteristics that reflect on its ability to satisfy stated 

or implied needs. “Quality may mean different things to different people. Some take it 

to represent customer satisfaction; others interpret it as compliance with contractual 

requirements, yet others equate it to attainment of prescribed standards.” According to 

ASCE, Quality is the fulfillment of project responsibilities in the delivery of products 

and services in a manner that meets or exceeds the stated requirements and 

expectations of the owner, design professional, and constructor as society and Dr. 

Joseph defines it as fitness for use in terms of design, conformance, availability, 

safety, and field use.  

2.2.6.1. Quality is Fitness For Use  

This definition stresses the importance of the customer who will use the product. We 

provide here the definition adopted by the ASQ: Quality denotes an excellence in 

goods and services, especially to the degree they conform to requirements and satisfy 

customers. This definition assimilates the previous. According to ISO 1986, quality is 

the totality of features and characteristics of a product or service that have a bearing 

on its ability to satisfy stated or implied needs. The underlying philosophy of all 

definitions leads to the concepts consistency of conformance and performance, and 

keeping the customer in mind. Quality is defined in the construction industry as the 

fulfillment of project responsibility in the delivery of products and services in a 

manner that meets or exceeds the stated requirements and expectations of the owner, 

design professional, and contractor. Based on Hart, 1994, Quality has a three-fold 

meaning in construction or a quality construction project has to comprise all these 

dimensions.  It means getting the job done on time, it means ensuring that the basic 

characteristics of the final project fall within the required specifications and it means 

getting the job done within budget. According to Building Contract Dictionary third 

edition, Quality of work is the standard or degree of excellence. The idea of “quality” 
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is simply to meet or exceed the stated requirements, to do so the first time, and to do 

so in every situation. Quality is a perceptual, conditional and somewhat subjective 

attribute and may be understood differently by different people. In Ethiopian context 

viewed from contractor’s side, majority defines the term quality as ability to satisfy 

stated or implied needs, compliance with contractual requirement and when project 

gets accomplished within the required budget and time. Even although in reality, the 

actual phenomena says different However, from the perspective of consultants most 

are concerned on end product or customer satisfaction. 

2.3. Empirical Reviews 

2.3.1. Determination of Quality of Sand and their Suitability With the Standard 

Requirements 

The sand shall consist of natural sand; crushed stone sand or crushed gravel sand, or a 

combination of any of these. The sand shall be hard, durable, clean and free from 

adherent coatings and organic matter and shall not contain any appreciable amount of 

clay balls or pallets. The sand shall not contain any harmful impurities, such as iron 

pyrites, alkalis, salts, coal, mica, shale or similar laminated or other materials in such 

form or in such quantities as to affect adversely the hardening, the strength, the 

durability or the appearance of the mortar or applied or to attack any reinforcement 

used in the masonry work. Unless found satisfactory, as a result of further tests as 

may be specified by the engineer architect in charge of the work, or unless evidence 

of such performance is offered which is satisfactory to him, the maximum quantities 

of clay, fine silt fine dust and organic impurities in the sand shall not exceed the 

following limit:  

I. Silt/Clay Contents: 

 Clay, fine silt and fine dust: Not more than 5 percent by weight IS: 2386  

 American Society for Testing and Materials (ASTM) C 117 construction 

standards give an allowable limit of 10% for silt and clay content in sand 

 BS 882 states that the percentage of clay and fine silts must not exceed 4% by 

weight for sand for use in concrete production 

 Ethiopian building Code standard (EBCS)1995, allowable limit of 6% for silt 

and clay content in sand 
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II. Organic Impurities Contents: 

 ASTM C40-04 Since this test produces no numerical values, determination of 

the precision and bias is not possible. 

"The specification controlling the sand qualities is highly variable. These depend 

upon the specifying agency, the availability of sand and the purpose for which the 

sand is to be used. Example of good quality sand: This sand is all of about the same 

coarse texture and does not have stones in it or a lot of dust. Sand can be tested by 

lifting up a handful and letting it fall back to the ground. If a significant portion of it 

blows away instead of falling straight down, it has too much dust and needs to be 

sieved".  "Quality a moist handful of the sample sand is rubbed between the palms of 

the hands. Suitable sand will leave the hands only slightly dirty. Decantation Test: a 

drinking glass (or another clean glass container) is half-filled with the sample sand, 

and then filled ¾-full with water. The glass is then shaken vigorously, and allowed to 

sit undisturbed for an hour or so. The clean sand will settle immediately, and clay and 

silt will settle as a dark layer on top of the sand. The thickness of the clay/silt layer 

should not be more than (6%) of the thickness of the sand dirty sand can be washed 

by washing respectively with water" [25]. 

In summary, there are two general types of requirements for aggregate: physical 

quality requirement and gradation requirement. Physical quality requirements are all 

specification provisions other than those dealing with gradation or usage 

requirements. These requirements can be divided into distinct groups as follows:  

 Absorption;  

 Abrasion resistance;  

 Soundness;  

 Restrictions on deleterious constituents and  

 Special requirement 

The gradation or particle-size distribution of an aggregate is usually specified to be 

within certain limits for various types of construction. The gradation that aggregates 

are required to meet for specific types of construction is contained in the contract 

plans, special provisions, or standard specifications and is usually designated by the 

aggregate size.  
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2.3.2. Current Specifications on Quality of Sand Per the Standard Requirements 

Specifications are generally clear, concise, quantitative descriptions of the significant 

characteristics of sand. It is regarded as adequate to ensure satisfactory materials for 

most concrete. The specification is to define the quality of aggregate, the nominal 

maximum size of the aggregate, and other specific grading requirements. Those 

responsible for selecting the proportions for the concrete mixture shall have the 

responsibility of determining the proportions of fine and coarse aggregate and the 

addition of blending aggregate sizes if required or approved. The values stated in each 

system may not be exact equivalents; therefore, each system shall be used 

independently of the other. Combining values from the two systems may result in 

non-conformance with the standard. It is recognized that, for certain work or in 

certain regions, it may be either more or less restrictive than needed. For example, 

where aesthetics are important, more restrictive limits may be considered regarding 

impurities that would stain the concrete surface. The specifier should ascertain that 

aggregates specified are or can be made available in the area of the work, with regard 

to grading, physical, or chemical properties, or combination thereof. 

Inspect all materials used in the construction of concrete work at their source, on the 

job, or both. The Engineers and Inspectors must inspect all materials to assure they 

meet all requirements prior to incorporation into the work. The specifications for 

aggregates are detailed in ASTM C33-03 this specification defines the requirements 

for grading and quality of fine and coarse aggregate for the various types of concrete 

production. These specifications are to be followed when inspecting aggregates.  

2.3.2.1. Fine Aggregate General Requirements 

All fine aggregate shall conform to standard specification for concrete Aggregates and 

also to the detailed requirements. It shall not contain harmful materials such as iron 

pyrites, coal, mica, and shale. Alkali coated grains, or similar laminated materials 

such as soft and flaky particles or any material which may attack the reinforcement, in 

such a form and in sufficient quantity to affect adversely the strength and durability of 

the concrete. Fine Aggregate passing sieve No. 4 shall not contain any voided shells. 

Fine aggregates shall be washed thoroughly with de-mineralized water to ensure 

compliance with the appropriate requirements and limitations of the specifications. 

The Contractor shall provide and maintain for this proposes sand-washing plant and 

equipment. Fine Aggregate from different sources of supply shall not be mixed or 

stored in one pile nor used alternately in the same class of construction or mix. 
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2.3.2.2.Grading Requirements of Fine Aggregate 

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

aggregates. The grading determine the paste requirement for a workable concrete 

since the amount of void requires needs to be filled by the same amount of cement 

paste in a concrete mixture. To obtain a grading curve for aggregate, sieve analysis 

will be conduct. According to ES C.D3.201, BS882 and ASTM the grading 

requirement of fine aggregate, are summarized as shown on Table 2.3 [29]. 

Table 2.3 BS and ASTM grading requirements of fine aggregate 

Sieve 

Size 

Percentage of Passing (%) 

BS882:1973 ASTM 

standards    

(C33-78) 
Grading 

Zone I 

Grading 

Zone II 

Grading 

Zone III 

Grading 

Zone IV 

9.5mm 100 100 100 100 100 

4.75mm 90-100 90-100 95-100 95-100 95-100 

2.36mm 60-95 75-10 85-100 95-100 80-100 

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

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

300 µm 5-20 8-30 12-40 15-50 10-30 

150 µm 0-10 0-10 0-10 0-15 2-10 
 

2.3.2.3.Silt content Requirements of Fine Aggregate 

Sand is a product of natural or artificial disintegration of rocks and minerals. Sand is 

obtained from glacial, river, lake, marine, residual and wind-blown (very fine sand) 

deposits. These deposits, however, do not provide pure sand. They often contain other 

materials such as dust, loam and clay that are finer than sand. Therefore it is necessary 

that one make a test on the silt content and checks against permissible limits. A simple 

test which can be made on site to give a guide to the amount of silt in natural sand is 

the 'field settling' test. This test should not be used for crushed rock sands. According 

to the Ethiopian Standard it is recommended to wash the sand or reject if the silt 

content exceeds a value of 6% [11].  

 

 

 

 

 



27 

 

2.3.2.4.Organic impurities  General Requirements 

Organic impurities fine aggregate for concrete when subjected to the Calorimetric test 

for organic impurities and producing a color darker than the standard color shall be 

rejected. In a study done on “sand having more organic impurities” [32], twenty-two 

sand samples were tested for the presence of organic impurities. It was observed that 

only four samples contain organic impurities. No numerical value is indicated to be 

determined for organic impurities, hence utmost precision and accuracy are not 

warranted, that is the organic impurities can only be determined qualitatively based on 

color comparison as it was stated in the study. When the suppressant solution above 

the sand is darker than the color of the standard reference solution, then the sand 

sample is said to contain high organic compounds the same time it is exposed biased 

for correlation with a strong result. The compressive strength of mortar prepared with 

washed sand is increased. For 7 days strength of Darna river samples, the strength of 

the mortar of washed sand increased by 13%. However, for Godavari & Tarali river 

samples, it is increased only by 2 to 3% for washed sand. For 28 days strength of the 

Pimpripada location of the Darna river sample, the strength of the mortar of washed 

sand is increased by 12%. However, for the rest of the samples, it increased only by 1 

to 3% for washed sand. Moreover, in the study done on “the effect of clayey 

impurities in the sand on the crushing strength of concrete” [33]. The results of the 

field settling experiments for each of the ten samples were conducted and the 

compressive strength is presented. The variation of strength against the percentage of 

clay is observed. The clay content in sand from the Akure metropolis varies from 

0.96% to 12.63%. From ten samples eight out of the ten samples (i.e. samples A-H) 

meet the requirements of the Nigerian Standard Organization, while samples I and J 

failed to meet this requirement. The compressive tests of the samples and these vary 

from as high as 24.13N/mm
2
 to as low as 5.94N/mm

2
. From the study result, it can be 

seen that the higher the percentage of clay content, the lower the compressive 

strength. It is only sampled A to E with clay content ranging from 0.96% to 3.22% 

with corresponding 24.13N/mm
2
 to 21.4N/mm

2
 compressive strength that meets the 

requirement of the BS which stipulated minimum expected gain in strength after 28 

days for 1:2:4 concrete mix ratio to be 21N/mm
2
. It can be seen that the percentage of 

clay that corresponds to 21N/mm
2
 compressive strength is 3.4%.  

Another study done on “Effects of Sand Quality on Compressive Strength of 

Concrete” [8]. Shows that sand being supplied to construction work contained silt and 
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clay contents and organic impurities that exceeded the allowable limits. The level of 

silt and clay content ranged from 42% to 3.3% for while organic impurities ranged 

from 0.029 to 0.738 photometric ohms unwashed sand. An overwhelming 86.2% of 

the tested sand samples failed to meet silt and clay content limits set out in BS 882 

while 44.4% exceeded the limit set out in ASTM limits. Concerning organic content, 

77% of the sand samples studied exceeded the recommended organic content for 

concrete production by ASTM standard. A total of 38% of the concrete cubes made 

from sand with varying sand impurities failed to meet the design strength of 25 Mpa 

at the age of 28 days. The allowable minimum level of silt/clay content and organic 

impurities in sand being supplied in Nairobi and its environs is 4.8% and 0.106 ohms 

respectively. Beyond these limits then the resultant concrete will fail to meet the 

expected strength at 28 days age. Similar study done on “Effect of Sand Fines and 

Water/Cement Ratio on Concrete Properties” [34]. This study showed that: 

Compressive strength of a cube specimen made from the basic 1:2:4 mix proportion 

using cement class of 32.5R is expected not to be less than 20N/mm
2
. It was 

concluded from the study results that, sand fines and water/cement ratio beyond 4% 

and 0.55 respectively significantly weakens the strength of concrete. It is 

recommended that sand used in Ghana for producing concrete should have fines 

limited to 4% maximum. Admixtures are also recommended to be used to improve 

workability instead of increasing water content with no recourse to cement addition 

during concrete production. The chemical and biological compositions of fines are 

recommended to be investigated to determine their influence on concrete properties. 
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2.4. Summary of Research Gap  

Different scholar’s conclusions attributed to the type of the local materials used for 

the production, method, and duration of curing. The conclusions are drawn from the 

result of the experiment of their study mostly depends on local condition. But in our 

case, there is no local experience regarding sand impurities in Addis Ababa for 

comparative purposes and to draw more concurrent evidence. Different scholars' 

works presented above were textures parts are considered by visual inspection of sand 

i.e. the effect of the texture in terms of numerical values are ignored. No numerical 

value is indicated to be determined for organic impurities, hence utmost precision and 

accuracy are not warranted, that is the organic impurities can only be determined 

qualitatively based on color comparison as it was stated in different studies above. In 

this study the texture and organic impurities of sand on workability reduction were 

examined and conclusions will be drawn. Based on this conceptual frame work has 

been developed.  

 

Figure 2.3: The Conceptual Frame Work of the Research Process 
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CHAPTER THREE 

3. MATERIALS AND METHODS 

3.1. Introduction  

In conducting research, the methodology part is very crucial. Because it indicates how 

research inquiries should be processed, while a research method is a particular tool or 

technique used to obtain and analyze data [2].  

3.2. Research Design 

Research designed to determine the appropriate method to answer the question asked. 

An experiment is a research situation where at least one independent variable, called 

the experimental variable, is deliberately manipulated or varied by the researcher [24].  

This study adopted an experimental approach. The laboratory test was conducted 

according to the specific objectives of the research and reviewing literature dealing 

with sand impurities and other relevant topics. The requirement of this design is that 

the sample carefully selected from the population, the experiment was conducted on 

these samples and by careful observation, the result recorded for further analysis. 

Attempts are then made based on the results to determine the fundamental opinion 

within cause and effect. Experimental research was deemed appropriate for this study 

for three reasons: 

 Observation must be considered carefully if the research is to isolate and 

measure the effects/impacts of changes in the values of independent variables.  

 To predict the correlations between cause and effect i.e. detect relationships 

between independent and dependent variables. 

 The compliance of the collected test results with the requirement of 

specifications is also evaluated. 

3.3. Source of Data  

Successful research requires that the data employed be appropriate for the question 

asked and hypotheses tasted. Data for the research was collected using both primary 

and secondary sources. Primary data involved field sampling and laboratory specimen 

tests of some properties of concrete and materials. Secondary data was used to extract 

relevant data and information from texts, local and foreign journals, 

dissertations/thesis, technical papers, local and foreign documents on standards, 

specifications, quality management and control, some selected codes of practice, and 

the internet. 
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3.4. Sampling of Data 

The study was conducted at river sand and focused on river sand being supplied to 

Addis Ababa city construction works. Currently, at the time of the study, there were 

19 sand sources were used to supply sand to the market. Thus, the list of all sand 

supplied and the respective parking receipt served as a sampling frame to the study. 

Nine sand samples were collected from fine aggregates supply stations based on the 

maximum number of parking receipts (Kote paid) collected by micro-enterprise from 

the heavy truck at Alemgena and Akaki Kality local sand market and Sand samples 

with greater than 15% of silt content were rejected not to be considered for further 

investigation during sampling time. 

3.5. Materials 

Sand samples were obtained from Werabe, Zuway-79, Arusi, Sodere, Alage, Abomsa, 

Maki, Metahara, and Adama-71. From each supply point, 60 kg of sand samples are 

procured for physical and mechanical testing. Course aggregates from crushed stones 

20mm normal size obtain from Akaki Quarry site; grade 42.5R Dangote ordinary 

Portland cement from the cement shop, a reagent for organic impurities test from a 

chemical shop, Optical Microscope, Zeta3D™ Optical Profiler software and Clean 

portable water from the Addis Ababa Science Technology University college of 

architectural and civil engineering material and central laboratories.  

3.6. Methods 

3.6.1. Collection and Preparation of Sand Samples  

A code id was given to each sand sample to represent the supply point and to avoid 

any bias. Each local supply point was labeled accordingly, Werabe -WE, Zuway79 - 

Z79, Arusi - AR, Sodere-SO, Alage-AL, Abomsa-AB, Maki-MA, Metahara-MT, and 

Adama71-A71. ASTM C702 guide the sampling procedure employed in reducing the 

field sample to obtain the required test portion for each of the tests performed. Tests 

that are conducted include visual inspection, test for index properties, test for 

impurities, test for workability and strength. These tests were carried out to determine 

whether the quantity is sufficient to cause harm and bear applied forces. Coarse 

aggregates from crushed stones are subjected to sieve analysis to achieve a ratio of 1:2 

for 10 mm and 20 mm respectively for use in all concrete castings. On fresh concrete, 

slump test were carried out and 150mm x 150mm x 150mm cubes were prepared, 

compacted, de-molded after 24 hours of casting and cured in a water tank 3, 7 and 28 
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days. Sand from each source is subjected to a series of laboratory experiments under 

ASTM standards.  

 ASTM C702, Reducing Samples of Aggregate to Testing Size.  

 ASTM C136 is used for particle size distribution analysis,  

 ASTM C128 for specific gravity and water absorption,  

 ASTM C566 Moisture content  

 ASTM C117 for silt content materials passing 75µm,  

 ASTM C40 for organic impurities  

 ASTM C 295, for petrographic examination of aggregates  

 ASTM C 192, making and curing concrete  

 ASTM C39-90 compressive strength testing for the concrete cubes 

3.6.2. Physical  Properties   

3.6.2.1. Aggregate Shape and Texture (Using Zeta3D™ Optical Profiler) 

Since this is a relatively new and expensive technology and is not readily available, in 

this procedure indexes were obtained for the fine aggregate sieve sizes 600 µm only 

and Zeta Optical Profiler (see Figure 3.1) instrument used for image analysis. The 

Zeta Optical Profiler takes a large area scan (70 µm X 90 µm) in a few seconds. It 

produces a one-page analysis report that includes 2D and 3D images, a cross-section, 

and a statistical analysis of all features in the field of view (FOV). Quantitative 

numerical results of sand shape are saved in a spreadsheet friendly text format. The 

result was acquired using the ZDot™ 3D scanning mode (fig. 4.2-4.6).  

          

Figure 3.1: Optical Microscope Instrument and its Accessories 
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3.6.2.2. Particle Size Distribution 

Aggregate grain size distribution or gradation is one of the properties of aggregates 

which influence the quality of concrete. Therefore, Sand was dried in the air and 

sieved with a set of sieves between 9.5 mm to 75 µm. The grading curve: percentage 

(%) passing is plotted against the particle diameter on a standard semi-log graph 

together with the upper and lower limits of the adopted fine aggregate grading curve 

envelope. For determination of Fineness modulus, the Sum of cumulative percentage 

weight retained on each sieve is divided by 100. Meanwhile, the fineness modulus is 

obtained by adding the percentage weight of material retained in each of the standard 

sieves and dividing it by 100 Figures 3.2 for laboratory procedure and table 4.2-4.6 

for the result of the test. The objective of finding the fineness modulus is to grade a 

given aggregate for the most economical mix and workability with a minimum 

quantity of cement. 

 

Figure 3.2: Sieve analysis for the sand samples 
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3.6.2.3. Specific Gravity of Coarse Aggregate 

The specific gravity of the coarse aggregates was determined as the ratio between the 

substance and that of the same volume of water. This definition assumes the substance 

is solid in throughout. But, have pores that are permeable and impermeable; whose 

structure affects (size, number and continuity pattern) water absorption, permeability 

and the specific gravity of the aggregate. The results obtained for coarse aggregates 

are shown in Table 4.7.   

I. Bulk Specific Gravity (Gsb) (also known as Bulk Dry Specific Gravity)  

The ratio of the weight in air of a unit volume of aggregate at a stated temperature to 

the weight in air of an equal volume of gas-free distilled water at a stated temperature. 

This unit volume of aggregates is composed of the solid particle, permeable voids, 

and impermeable voids. 

                     Gsb = A / (B-C)                                                             Equ. 2 

Where: A = Oven dry weight.  

           B = SSD weight.  

           C = Weight in water. 

II. Bulk SSD Specific Gravity (Gsb SSD)  

The ratio of the weight in air of a unit volume of aggregate, including the weight of 

water within the voids filled to the extent achieved by submerging in water for 

approximately 15 hours, to the weight in air of an equal volume of gas-free distilled 

water at a stated temperature.  

                    Gsb SSD = B / (B - C)                                             Equ. 3 

Where: B = SSD weight.  

             C = weight in water 

III.  Apparent Specific Gravity (Gsa)  

This ratio of the weight in air of a unit volume of the impermeable portion of 

aggregate, (does not include the permeable pores in aggregate) to the weight in air of 

an equal volume of gas-free distilled water at a stated temperature.  

                    Gsa = A / (A - C)                                                     Equ. 4 

Where: A = Oven dry weight.  

             C = weight in water 
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Figure 3.3: Specific gravity and unit weight of coarse aggregate 

3.6.2.4. Absorption   

The increase in weight of aggregate due to water in the pores of the material, but not 

including water adhering to the outside surface of the particles. 

              % Abs. = [(B - A) / A] x 10                                           Equ. 5 

 Where: A = Oven dry weight.  

              B = SSD weight 

3.6.2.5. The specific gravity of fine aggregate  

The specific gravity of a soil is defined as the ratio of the weight in air of a given 

volume of soil particles to the weight in air of an equal volume of distilled water at a 

stated temperature. Specific gravity was determined in the laboratory according to 

ASTM D854-92. By taking 500 grams of sample and placing it in the pycnometer. 

Distilled water is poured into it until it is full. Entrapped air is eliminated by rotating 

the pycnometer on its side; the outer surface of the pycnometer is wiped out and 

weighed (W1). The content of the pycnometer is transferred into a tray, it is refilled 

with distilled water to the same level and its weight determined (W2). The aggregates 

are dried with a cloth to a saturated surface dry condition and weighed (W3). The 

results obtained for fine aggregates are shown in Table 4.8.   
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Figure 3.4: Specific gravity of fine aggregate 

3.6.2.6. Moisture Contents  

It is well known water-cement ratio affects the workability and strength of concrete 

specimens. A design water-cement ratio is usually specified based on the assumption 

that aggregate are inert (neither absorb nor give water to the mixture) but in most 

cases aggregate from different sources do not comply with this i.e. wet aggregate give 

water to the mix and drier aggregate (those with below-saturated level moisture 

content) take water from the mix affecting, in both cases, the design water-cement 

ratio and therefore workability and strength of the mix. To correct for these 

discrepancies, the moisture content of aggregates has to be determined. The results 

obtained for coarse & fine aggregates are shown in Table 4.9.   

 

Figure 3.5: Moisture content test coarse aggregate 
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3.6.3. Impurities Tests 

3.6.3.1. Silt Content Test 

I. Silt Content Using Jar Test 

A glass-measuring cylinder is filled with a sample of sand up to 100 ml mark. Clean 

water is added up to 150 ml and the content is well shaken. The content is allowed to 

settle for 15 to 20 minutes. Clay and silt are seen as separate layer over-sand. The 

total height of material (A) is measured. The height of the sand layer (B) is also 

measured. The height of the silt and clay layer (A-B) is determined. The percentage of 

silt and clay in the total sand layer is calculated according to the equation below. The 

results obtained for sand samples are shown in Table 4.11.   

       Silt & Clay % = (A-B) /B* 100                                                       Equ 6 

 

Figure 3.6: Silt content test for the sand sample 

II. Silt content washing the sand on 75μm sieve 

"This test method covers the determination of the amount of material finer than a 

75µm (No. 200) sieve in aggregate by washing[3]. Clay particles and other aggregate 

particles that are dispersed by the wash water, as well as water-soluble materials, will 

be removed from the aggregate during the test. Two procedures are included, one 

using only water for the washing operation, and the other including a wetting agent to 

assist the loosening of the material finer than the 75-µm (No.200) sieve from the 
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coarser material. Unless otherwise specified, Procedure A (water only) shall be used." 

Silt content of the sand samples was determined as follows, a sample of fine 

aggregate was taken and it was dried in an oven at 105oc for 24 hours. The material 

was weighed and its mass recorded (M1). The dried samples thoroughly washed on a 

75μm sieve until clear water comes out, and again dried in an oven at 105-degree 

centigrade for another 24 hours. Its final mass was then taken and recorded as 

(M2)[3]. The results obtained for sand samples are shown in Table 4.10.   

                                                            Equ 7 

 

Figure 3.7: Silt content test by washing on 75μm sieve 

3.6.3.2. Organic Impurities Test  

This method is of significance in making a preliminary determination of the 

acceptability of sand. The sand is to be taken as delivered and without drying. A 350 

ml graduated clear medicine glass bottle is filled up to 75 ml by 3% NaOH solution. 

The sand is added slowly until the volume measured by the sand layer is 125 ml. 

Some of the NaOH solutions get filled in the voids of sand particles. The NaOH 

solution is again added to the set level at the 200 ml mark. The bottle is capped and 

shaken vigorously to make intimate contact of sand particles with the NaOH solution 

and the mixture is allowed to settle for 24 hours. After 24 hours, the color of the 

suppressant solution above the sand is compared with the color of the standard 
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reference solution. If the suppressant solution above the sand is darker than the color 

of the standard reference solution, then the sand sample is said to contain organic 

compounds. Since this test produces no numerical value, for analysis purpose leveling 

sample based on the darker color they produced during immersed in NaOH solution. 

The color of the sample sand is leveled accordingly very dark – 3, medium-dark – 2 

and light dark-1. Using the above procedure all sand samples were tested for the 

presence of organic impurities. The results of sand samples are shown in Table 4.12.   

 

Figure 3.8: Organic impurities test for the sand sample 

3.6.4.  Mix Design for  Normal Concrete Mixtures 

The process of determining the required and specifiable characteristics of a concrete 

mixture is called mix design. Characteristics can include:  

1. Fresh concrete property;  

2. Required mechanical properties of hardened concrete such as strength and 

durability requirements; and  

3. The inclusion, exclusion, or limits on specific ingredients.  

Mix design leads to the development of a concrete specification. Mixture 

proportioning refers to the process of determining the quantities of concrete 

ingredients, using local materials, to achieve the specified characteristics of the 

concrete. A properly proportioned concrete mix should possess these qualities: 

 Acceptable workability of the freshly mixed concrete 

 Durability, strength, and uniform appearance of the hardened concrete 

 Economy Understanding the basic principles of mixture design is as important 

as the actual calculations used to establish mix proportions.  

Only with proper selection of materials and mixture characteristics can the above 

qualities be obtained in concrete construction 
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Table 3.1: Required Average Compressive Strength When Data Not Available to 

Establish a Standard Deviation 

Specified compressive strength, 

fC' MPa 

Required average compressive 

strength, f'Cr' MPa 

Less than 21 fC’ + 7.0 

21 to 35 fC’ + 8.5 

Over 35 1.10 fC’ + 5.0 

Adapted from ACI 

                            X = fCk + KS                                                  Equ 8 

Where: 

              X = required average strength 

              fCk = Specified strength  

               S = Standard deviation  

The batching of concrete was done by weight. Nine mixtures were studied with a total 

number of 81 cubes prepared by mix ratio of 1:2:2.5 and 0.445 water/cement ratio 

using a combination of fine and coarse aggregates as shown in Table 3.2.  

Table 3.2: Combination of concrete ingredient 

Sample 

code 

Water 

cement ratio 

constant 

Mix 

ratio 

constant 

Cement 

Brand name 

Constant 

Total no 

of cubes 

AR Z79  

0.445 

 

 

1:2:2.5 

 

 

Dangote 

42.5R OPC 

18 

MT SO 18 

A71 WE 18 

MA AB 18 

AL  9 

Total 81 
 

The amounts of coarse aggregate and cement used are kept constant for all batches. 

Constituent materials were measured and weighed. Cement was mixed with fine 

aggregate on the platform until the mixture was thoroughly blended. Coarse aggregate 

was then added and mixed properly until it was uniformly distributed throughout the 

batch and water was finally added and mixed until the concrete appears to be 

homogenous and of the desired consistency. Molds of 150mm x150mmx 150mm cube 

were used to mold the concrete cubes. The mold was properly lubricated by using oil 

to prevent the adhesion of concrete to the surface. After 24 hours in the molds, the 

specimens were removed and placed in the water tank for 3, 7 and 28 days. 
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For this experiment, design mix is done using ACI method of concrete (C-30). The proportion of the materials as per the design is given in Table 3.3 below 

Table 3.3: Concrete mix design proportion for different sand sample. 

Item 

No 

Sample 

Code 

Mix 

Ratio 
W/C 

For one meter cube of concrete Target 

Mean 

strength 

Slump 

Nine 

cubes 

volume 

For  Nine cubes 

Cement FA 
Coarse 

Agg 
Water CA FA Water Cement 

1 AR 1:2:2.5 0.445 415.70 783.00 1011.60 137.70 30+ 30-50 0.0304 30.75 23.80 4.87 12.64 

2 MT 1:2:2.5 0.445 415.70 773.90 1011.60 148.80 30+ 30-50 0.0304 30.75 23.53 4.77 12.64 

3 A71 1:2:2.5 0.445 415.70 846.50 1011.60 57.30 30+ 30-50 0.0304 30.75 25.73 3.34 12.64 

4 MA 1:2:2.5 0.445 415.70 805.00 1011.60 111.40 30+ 30-50 0.0304 30.75 24.47 4.24 12.64 

5 AL 1:2:2.5 0.445 415.70 786.50 1011.60 133.90 30+ 30-50 0.0304 30.75 23.91 4.75 12.64 

6 Z79 1:2:2.5 0.445 415.70 837.50 1011.60 69.50 30+ 30-50 0.0304 30.75 25.46 2.71 12.64 

7 SO 1:2:2.5 0.445 415.70 847.80 1011.60 55.50 30+ 30-50 0.0304 30.75 25.77 3.07 12.64 

8 WE 1:2:2.5 0.445 415.70 760.96 1011.60 163.50 30+ 30-50 0.0304 30.75 23.13 5.37 12.64 

9 AB 1:2:2.5 0.445 415.70 803.50 1011.60 113.30 30+ 30-50 0.0304 30.75 24.43 4.19 12.64 
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3.6.5. Workability Test 

ASTM C 125 workability is termed as "that property determining the effort required 

to manipulate a freshly mixed quantity of concrete with minimum loss of 

homogeneity." Thus Slump measurement is taken immediately after mixing each 

batch of concrete before casting them into specimen molds. The concrete is cast in 

three layers into the molds and each layer is tamped 25 times with a 16mm diameter 

rod to removed entrapped airs present in the concrete. Excess concrete was cut away 

and the surface leveled with the trowel. The slump as illustrated in Figure 3.9 below is 

measured as the difference between the height of the mold and that of the highest 

point of the specimen (BS 812). The results of the slump test are shown in table 4.13.  

 

Figure 3.9: Slump testing of concrete from each batch 

3.6.6. Casting, Compacting and Curing of Concrete Cubes  

3.6.6.1. Casting of Concrete  

The mold should be built solid enough to contain the concrete when casting. The wet 

concrete has some considerable weight and requires extensive support arrangements. 

Before commencing the cast it is important to make a final assessment, make sure that 

the molds are clean and contain no debris. The mold should be oiled to allow easy 

removal of the specimens after 24hr. Similarly, the vibrating table should be ready 

before placing the mold on top of it and casting is begun.  
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Figure 3.10: Concrete casting 

3.6.6.2. Compacting of Concrete  

Having secured the necessary supply, the concrete specimens need to be placed and 

compacted. These two activities are carried out simultaneously. Placing and 

compaction of concrete should be done without causing any segregation of its 

ingredients.  

 

Figure 3.11: Concrete compacting using table compacter 
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3.6.6.3. De-molding of concrete cubes 

The mold should be left in place until the specimens have hardened sufficiently to 

hold own weight i.e. 24hr. Care should be taken not to damage edges and corners 

during de-molding. At 24 hrs the concrete specimens can bear its' weight. 

 

Figure 3.12: Concrete cube specimens de-molding 

3.6.6.4. Curing condition and duration of concrete  

Failure to cure concrete will have adverse effects on the durability of concrete, as loss 

of moisture in fresh concrete will result in the poor quality of concrete with reduced 

strength and increased permeability. Ponding is an ideal method for preventing loss of 

moisture from the concrete; it is also effective for maintaining a uniform temperature 

in the concrete [32]. The curing water should not be more than about 11°C (20°F) 

cooler than the concrete to prevent thermal stresses that could result in cracking. The 

most thorough method of curing with water consists of total immersion of the finished 

concrete element. This method is commonly used in the laboratory for curing concrete 

test specimens see Figure 3.13. Where the appearance of the concrete is important, the 

water used for curing by ponding or immersion must be free of substances that will 

stain or discolor the concrete. The material used for dikes may also discolor the 

concrete. 
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Figure 3.13: Concrete curing 

3.6.7. Standard Compression Test 

The concrete cubes compressive strength of the concrete is determined using the 

compressive test according to the procedure in ASTM C496. The standard acceptance 

test for measuring the strength of concrete involves short time compression tests on 

150-mm cubes or cylinders, cured, and tested following the building codes. The 

standard acceptance test is carried out when' the concrete is 28 days old. The standard 

strength test is the mean of the strengths of at least three cubes from the same sample 

tested at 28 days or an earlier age if specified. These are tested at an average loading 

rate of about 5.1 N/mm
2
 per second, producing a failure of the cubes in 1.5 to 3 

minutes. Based on this the cubes were tested at 3, 7, and 28 days for all samples of 

sand. The results obtained for Compressive strength are shown in Table 4.14.   

 

Figure 3.14: Cubes mobilization and compression testing 
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3.7. Validity and Reliability  

Reliability is a measure of the stability or consistency of the test score and whereas 

validity is a test or instrument is accurately measuring what it’s supposed to. The 

reliability of a standardized test is usually expressed as a correlation coefficient, 

which measures the strength of association between variables. Such coefficients vary 

between -1.00 and +1.00with the former showing that there is a perfect negative 

reliability and the latter shows that there is perfect positive reliability. Accordingly, 

the equipment used in these tests was verified for calibration. 

3.8. Method of Data Analysis 

The analysis involved descriptive as well as inferential statistics. Calculation of mean 

was undertaken in the analysis of the compressive strength of three cubes for each 

curing age (3, 7 and 28 days) of sand samples. Multiple Regressions were conducted 

in order to examine how the dependent variable (compressive strength and 

workability) are influenced by the independent variable.   
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CHAPTER FOUR 

4. RESULTS AND DISCUSSIONS 

4.1. Introduction  

In this chapter, the properties of materials used in the production of concretes are 

described. Except the organic impurities test of sand which was carried out at 

MAFECON Engineering and Construction PLC , all laboratory tests on aggregate and 

concrete were carried out in the Laboratory of Addis Ababa science and Technology 

University, college of architectural and civil Engineering material and central 

laboratories. The detail discussions were presented on the findings of index properties 

and impurities as per the specification requirement.  The effect of these impurities on 

workability and compressive strength also discussed as well.  

4.2. Physical Properties  

4.2.1. Aggregate Shape and Texture (Image analysis) 

The result of image analysis of nine sand samples Figure 4.2 to 4.6, were taken under 

1743μm*1308μm field of view (FOV) of each measurement illustrated on Table 4.1. 

The measured surface roughness properties varies greatly both over the surface of a 

single particle and from one particle to another for the same quarry. The result reveals 

a higher value of Rz indicates poor surface finish and vice versa, a higher value of Ra 

indicates rough, and generally, with Rz, Ra and Rq higher values shows poor sand 

quality in terms of texture i.e. rough surface demands more water for a given 

workability. But, rough surface can generate strong bond between aggregate and 

cement paste and Sand samples A71, MT, SO, and WE was irregular in their shape 

whereas, sand samples AB,AL MA, and Z79 are round. 

 

Figure: Sand Samples Roughness Graph 



48 

 

 
Figure 4.2: Cross-sectional, 2D, 3D and 3D elevation view of sand sample SO 
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Figure 4.3: Cross-sectional, 2D, 3D and 3D elevation view of sand sample A71 and AB Respectively  
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Figure 4.4: Cross-sectional, 2D, 3D and 3D elevation view of sand sample AL and AR Respectively 
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Figure 4.5: Cross-sectional, 2D, 3D and 3D elevation view of sand sample MA and MT Respectively  
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Figure 4.6: Cross-sectional, 2D, 3D and 3D elevation view of sand sample WE and Z79 Respectively 
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Table 4.1: The measured surface properties of sand via Using Zeta3D™ Optical Profiler software 

Item 

No 
Profile Parameters 

Sand Texture  

Sand Samples 

A71 AB AL AR MA MT SO WE Z79 

1 Roughness average , Ra  123.76 280.28 193.05 68.92 49.55 128.86 124.87 284.94 327.17 

2 Root-mean-square average, Rq 164.19 339.60 249.61 88.71 60.19 186.07 169.36 337.37 374.62 

3 Max. profile valley peak, Rpv 1021.57 1140.66 1165.08 434.26 240.42 1088.38 1111.74 1431.06 1378.15 

4 Max. profile peak height, Rp 577.57 457.26 482.26 196.03 97.55 500.57 234.66 511.56 455.80 

5 Max. profile valley depth, Rv 444.00 683.40 682.83 238.22 142.87 587.81 877.07 919.50 922.34 

6 Skewness in the height direction, Rsk 0.90 -0.17 -0.24 -0.30 -0.39 -0.17 -1.43 -0.22 -0.41 

7 Average Max. height of the profile, Rz 363.82 323.31 695.30 336.40 152.39 780.66 522.85 823.40 1035.33 

8 Kurtosis in the height direction, Rku 5.30 1.81 2.90 2.85 2.42 4.04 7.84 2.47 1.92 

 Profile Parameters Sand Shape 

1 Shape Irregular Round  Round Irregular Round Irregular Irregular Irregular Round 
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4.2.2. Grain Size Distribution  

Table 4.2: Gradation of coarse aggregate and AL sand used for the test and graphical illustration 
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Table 4.3: Gradation Z79 and SO sand samples used for the test and graphical illustration 
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Table 4.4: Gradation MT and AR sands used for the test and graphical illustration 
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Table 4.5: Gradation AB and A71 sands used for the test and graphical illustration 
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Table 4.6: Gradation MA and WE sands used for the test and graphical illustration 
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From table 4.2: to 4.6: above shows that the grain size analysis test results it appears 

that all local sand samples are not comply with ASTM/ES C.D3. 201 standard 

requirements as they are taken directly from their natural places. Thus, in order to 

fulfill the upper and lower standard requirement local sand samples thoroughly 

washed and sieved to separate various sieve size fractions. Each size fraction is then 

remixed according to the grading requirement stated. This indicates local sand 

samples cannot be used directly in their natural state.  

4.2.3. Specific Gravity  

I. Specific gravity and absorption capacity of Coarse aggregate  

Table 4.7: Specific gravity and Absorption capacity of coarse aggregate 

Coarse 

aggregate 

A = Oven 

Dry weight 

(gm) 

B = SSD 

weight 

(gm) 

C = 

Weight 

in water 

Bulk 

Specific 

gravity Gsb 

Absorption 

capacity 

Sample 1 4795 4912.2 3027.8 2.54 2.44 

 

II. Specific gravity of fine aggregate  

Table 4.8: Specific gravity test result of sand samples 

Item 

NO 

Sample 

code 

Mass of 

sand, Ms 

= W1 

Mass of 

pycnometer + 

sand + water, 

Mpws = W2 

Mass of 

pycnometer +  

water, Mpw = W3 

Specific 

gravity 

1 AR 500 2091.8 1793.7 2.48 

2 MT 500 2101.3 1793.7 2.60 

3 A71 500 2099.5 1793.7 2.57 

4 MA 500 2098.6 1793.7 2.56 

5 AL 500 2105.2 1793.7 2.65 

6 Z79 500 2098.5 1793.7 2.56 

7 SO 500 2095.5 1793.7 2.52 

8 WE 500 2091.1 1793.7 2.47 

9 AB 500 2088.8 1793.7 2.44 

 

The specific gravity values reflects the materials that are used for this study are 

aggregate or comply with ASTM-C128 standard requirement between 2.4 to 3.1 and 

somehow indicate the silica content of the sand i.e. the higher the silica content the 

higher specific gravity.  
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4.2.4. Moisture Content  

The water to cement ratio of a concrete affects the strength and the workability of the 

concrete. The increase of the water to cement ratio results in a decrease of the strength 

of the concrete and an increase of workability. The aggregates in concrete are 

assumed to be inert materials. But most of the aggregates do not meet this assumption 

by either absorbing water (dry aggregates) or by releasing it (wet aggregates) to the 

mix. As a result of this property of aggregates the design water to cement ratio of the 

mix changes. Therefore it is important to determine both the absorption capacity and 

the moisture content of the aggregate. The moisture content of fine aggregates was 

determined by oven drying a sample of fine aggregate (500gm) in an oven at a 

temperature of 105 - 110 OC for 24 hrs and dividing the weight difference by the oven 

dry weight. The moisture content found was shown on table4.9. 

Table 4.9: Moisture content of coarse and fine aggregate 

Moisture content of coarse aggregate 

Item 

No 

Sample 

code 

A = Weight of 

original sample (gm) 

B = Weight of 

oven dried 

% of moisture 

content 

1 AA 2000 1934.1 3.41 

Moisture content of fine aggregate 

Item 

No 

Sample 

Code 

A = Weight of 

original sample (gm) 

Weight of 

Oven dried 

Water 

Absorption 

1 AR 500.00 457.90 9.19 

2 MT 500.00 484.50 3.20 

3 A71 500.00 445.80 12.16 

4 ME 500.00 475.00 5.26 

5 AL 500.00 486.10 2.86 

6 Z79 500.00 449.30 11.28 

7 SO 500.00 483.10 3.50 

8 WA 500.00 485.40 3.01 

9 AB 500.00 446.60 11.96 
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4.3. Impurities 

4.3.1. Silt Content  

a. Silt content Using jar test 

Table 4.10: Silt Content Result Using Jar Test Method 

Item 

No 
Sample Code Height of silt 

Height of 

sand 
% of Silt 

1 AR 3.80 41.00 9.27 

2 MT 2.50 39.00 6.41 

3 A71 3.50 36.00 9.72 

4 MA 3.00 35.00 8.57 

5 AL 2.00 38.00 5.26 

6 Z79 3.50 34.00 10.29 

7 SO 1.90 25.00 7.60 

8 WE 2.80 36.00 7.78 

9 AB 2.5 22.00 11.36 
 

b. Silt content test by washing the sand on 75μm sieve 

Table 4.11: Silt Content Test Result Washing the Sand on 75μm Sieve 

Item NO  
Sample 

code  

Mass of sand, 

Ms = W1 

Mass of washed 

sand, M5 

Silt content = 

(M1-M2)/M1 

1 AR 500 435.40 14.84 

2 MT 500 461.30 8.39 

3 A71 500 426.20 17.32 

4 MA 500 462.00 8.23 

5 AL 500 471.05 6.15 

6 Z79 500 443.70 12.69 

7 SO 500 462.90 8.01 

8 WE 500 462.00 8.23 

9 AB 500 435.30 14.86 
      

 

Figure 4.7: Silt Content Jar Test vs. Washing on 75μm Sieve 
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Any sand that is supposed to be used as fine aggregate should be free from silt/clay 

and organic impurities. The impurities in the sand affect the bond between the cement 

paste and the sand surface and hence decrease the strength of the concrete. From the 

result of silt content test, which is presented in Table 4.11 it is clearly observed that, 

sand sample MT, MA, AL, SO, and WE has  fulfill silt content requirement which is 

stated under ASTM C117. For the remaining samples since this much silt content is 

unacceptable the sand samples obtained from their natural sources must be washed to 

remove the impurities properly before making any comparison test.  

The range of the maximum silt content recommended by Ethiopian building Code 

standard (EBCS) were 6%. Sand samples with greater than 15% of silt content were 

rejected not to be considered for further investigation during sampling time. However, 

most of the sand supplied to the market had clay/silts beyond the recommended by the 

standard.  

4.3.2. Organic Impurities  

Table 4.12: Organic Impurities Result of Sand Samples 

Item No 
Sample 

Code 

Leveled organic 

impurities 

Observed  Organic 

impurities 

1 AR 2.00 Medium 

2 MT 1.00 Light 

3 A71 3.00 dark 

4 MA 2.00 Medium 

5 AL 1.00 Light 

6 Z79 3.00 dark 

7 SO 1.00 Light 

8 WE 2.00 Medium 

9 AB 3.00 dark 
 

A colorimetric (organic impurity) test was also conducted based on ASTM C40 

standard requirement on all sand samples and the result revealed that samples 

AB,MA, AR,AL, SO and MT are relatively free from organic impurities, which is 

within an acceptable requirement. But for the remaining sand sample the effect of 

organic impurities on compressive strength were evaluated and the result reveal that it 

is not reject able.  
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4.4. Workability  

ASTM C 125 defines workability as the property determining the effort required to 

manipulate a freshly mixed quantity of concrete with minimum loss of homogeneity. 

The term “manipulate” includes the early age operations of placing, compacting and 

finishing [32]. A workable concrete allows full compaction using a reasonable amount 

of work. This helps in achieving maximum possible density (i.e. minimum possible 

voids) of concrete, which results in more strength and durability of concrete [32]. 

Workability is affected by every component of concrete and essentially every 

condition under which concrete is made. A list of factors include the properties and 

the amount of cement, grading, shape, angularity and surface texture of fine and 

coarse aggregates, proportion of aggregates, amount of air entrained, type and amount 

of pozzolana, type and amount of chemical admixture, temperature of the concrete, 

mixing time and method, and time since water and cement are in contact. These 

factors interact so that changing the proportion of one component to produce a 

specific characteristic requires that other factors be adjusted to maintain workability 

[31]. In this experiment slump of all mixes with constant water to cementious material 

(w/cm) ratio for the same group were measured to get information about workability 

changes due to the sand impurities. 

Table 4.13: Slump Result of Sand Samples 

Item 

No 

Sample 

code 

Slump 

Result(mm) 

Amount of water 

used (litre) 

W/C 

Ratio 

1 AR 24 3.475 .445 

2 MT 36 3.266 .445 

3 A71 28 2.763 .445 

4 MA 34 3.111 .445 

5 AL 38 3.398 .445 

6 Z79 26 2.011 .445 

7 SO 34 2.507 .445 

8 WE 34 3.719 .445 

9 AB 24 3.050 .445 
 

It is verified that, slump values decreased as the silt/clay percentage in sand increased 

whereas the slump increased as the water/cement ratio increased. For the same 

water/cement ratio of the study the decrease in slump value as a result of increase in 

silt/clay percentage in sand can be attributed to the fact that finer particles have larger 

surface area by volume which absorbs more water in concrete mix.  
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Figure 4.8: Workability vs. silt content graph 

 

Figure 4.9: Sand roughness vs. slump test result graph 

 ASTM C33 – 03 state that Concrete with fine aggregate grading near the 

minimums for percent passing the 300mm(no.50) and 150(No.100) sometimes 

have difficulties with workability. So based on this from particle distribution 

Table 4.2: to 4.6 the sand samples AB, Z79, A71, SO and MA respectively more 

or less correlate with slump result.  

 In order the assess the relationship between workability that of compressive 

strength of concrete made from selected sand samples having varying level of 

silt and clay and organic impurities, the slump and compressive strength of the 

nine samples is carefully examined. It is clear from the above table and 

regression results that workability plays significant role in determination of 

compressive strength of concrete.  
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4.5. Compressive Strength 

For observing the performance changes due to the impurities present in river sand in 

concrete production, classes of concrete C-30, were prepared and tested for 

compressive strength at 3,7 and 28 days. The test results for all samples are presented 

on the Appendices II. But for the purpose of discussion the summarized test results 

are presented in Tables 4.14 below according to curing time of the specimens. 

Table 4.14: Compressive Strength Results 

Item 

No 
Sample Code Sample 

Compressive strength at Curing time 

3 7 28 

1 AR 

1 11.90 10.97 27.72 

2 10.79 12.61 22.53 

3 10.23 13.79 21.13 

Average 10.97 12.46 23.79 

2 MT 

1 16.05 23.29 36.53 

2 14.99 26.77 33.76 

3 17.75 25.20 39.96 

Average 16.26 25.08 36.75 

3 A71 

1 6.44 8.66 18.71 

2 7.31 10.43 20.58 

3 6.28 10.29 20.17 

Average 6.68 9.79 19.82 

4 MA 

1 11.65 17.69 32.88 

2 10.48 18.94 29.50 

3 12.93 19.32 35.79 

Average 11.68 18.65 32.72 

5 AL 

1 15.41 21.59 39.07 

2 12.25 21.85 37.89 

3 12.20 25.01 41.85 

Average 13.29 22.81 39.60 

6 Z79 

1 11.75 16.11 29.43 

2 9.28 17.59 23.54 

3 9.46 13.65 28.31 

Average 10.16 15.78 27.09 

7 SO 

1 17.61 21.89 44.11 

2 16.04 21.95 40.69 

3 13.67 22.78 42.17 

Average 15.77 22.21 42.32 

8 WE 

1 17.61 21.89 42.94 

2 16.04 21.95 41.08 

3 14.09 22.78 42.78 

Average 15.91 22.21 42.27 

9 AB 

1 6.79 15.37 21.27 

2 6.78 14.88 20.91 

3 6.41 14.00 21.08 

Average 6.66 14.75 21.09 
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Figure 4.10: Compressive strength vs. Curing time graph 

 

Figure 4.11: Compressive strength vs. roughness graph 

Generally a concrete is required to provide a specified strength. The most common 

measure of concrete strength is the compressive strength, determined in either a cube 

test or a cylinder test [31]. For each sample, a total of nine cubes were casted, cured 

under water at room temperature and tested for compressive strength. Nine concrete 

cubes made from each samples each three of them were tested at the age of 3 days, 7 

days and 28 days in order obtained average value and the result are as shown in Table 

4.14 above.  

 From the above results, three samples (Z79, A71, and AB) failed to meet the 

minimum strength expected at day 3, four samples (AR, Z79, A71 and AB) 

failed at day 7 and four samples (AR, Z79, A71 and AB) failed to meet the 

compressive strength expected at day 28.  
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 The range of the maximum silt content recommended by Ethiopian building 

Code standard (EBCS) were 6%. Sand samples with greater than 15% of silt 

content were rejected not to be considered for further investigation during 

sampling time however, Most of the sand  supplied to the market had clay/silts 

beyond the recommended by the standard.  

 The compressive strength of a concrete cubes varies were samples subjected to 

similar casting and curing conditions; this failure is largely attributed to the 

presence of high amount of impurities in the sand which left insufficient water 

in the mix for the complete hydration of cement and to some extent to particles 

shapes, sizes and texture. This represents 44% failure rate at 28 days.  

4.6. The effect of Sand Impurities on Workability and Strength Reduction of  

Concrete 

In this study multiple regression were adopted because of there is more than one 

independent variable that can affect the dependent variable we are trying to forecast, 

in that case simple regression is not adequate. Instead we turned to multiple 

regressions. We will need to make a list of which independent variable might be 

useful for forecasting our dependent variable. Here are some of independent variables 

that are used in multiple regressions of the study present in the Table 4.15 below.   

Table 4.15: Organized Raw Data for Multiple Regression Analysis 

No 
Sample 

Code 
X1 X2 X3 Y1 Y2 

Sand 

Shape 

1 AR 14.84 2.00 68.92 23.79 24 Irregular 

2 MT 8.39 1.00 128.86 36.53 36 Irregular 

3 A71 17.32 3.00 123.76 19.82 28 Irregular 

4 MA 8.23 2.00 49.55 32.72 34 Round 

5 AL 8.27 1.00 193.05 39.60 38 Round 

6 Z79 12.69 3.00 327.17 27.09 26 Round 

7 SO 8.01 1.00 124.87 42.32 34 Irregular 

8 WE 8.23 2.00 284.94 42.27 34 Round 

9 AB 14.86 3.00 280.28 21.09 24 Round 

              Where: 

              “X1” = Percentage of Silt content 

              “X2” = Organic impurities                                 independent variable and 

              “X3” = Roughness 

              “Y1” = Compressive strength                            dependent variable 

              “Y2” = Workability   
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4.6.1. The effect of sand impurities toward workability reduction  

The regression analysis was used to derive the relationship between workability of 

concrete with varying impurities level and sand texture as illustrated below.  

Table 4.16: Regression Summary Output for Workability 

      Coefficients 

Standard 

Error 

t-

Statistics P-value 

Multiple R 0.98 Intercept 48.33 1.91 25.32 1.8E-06 

R Square 0.96 "X1" -1.32 0.23 -5.86 2.0E-03 

Adjusted R 

Square 0.93 "X2" -4.80 1.62 -2.96 3.1E-02 

Standard 

Error 1.42 "X3" 0.21 0.01 1.18 2.9E-01 

Therefore, equation of the regression line can be written as: 

             Y = - 1.32x1 – 4.80 x2 + 0.21x3 + 48.33 

From the above result the contribution of varies impurities level and sand texture 

overall workability of a concrete is strongly significant by 93%.  But, impurities and 

texture significantly reduce the workability of fresh concrete but other factors like 

workmanship, quality of course aggregates and quality of water among others 

 

Figure 4.12: Workability vs. Impurities graph 

                          Table 4.17: Workability Correlation summary output 

  "Y2" "X1" "X2" "X3" 

"Y2" 1.00 

   "X1" -0.94 1.00 

  "X2" -0.80 0.65 1.00 

 "X3" -0.21 0.24 0.41 1.00 

 

From Table 4.17 it is realized that contribution of silt/clay content toward the 

workability of concrete is a significant 94 %, the contribution of sand impurities 
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toward compressive strength of concrete is 80 % and the contribution of texture 

toward workability of concrete is 21%. It is observed that the contribution of silt/clay 

content towards consistent mix of concrete is more significant compared with the 

organic impurities. Similarly, if the contribution of texture should not be considered 

the result is not avoidable.  

4.6.2. The Effect of  Sand Impurities Toward Compressive Strength Reduction  

The regression analysis was used to derive the relationship between workability of 

concrete with varying impurities level and sand texture as illustrated below.  

Table 4.18: Regression Summary Output for Compressive Strength 

   
Coefficients 

Standard 

Error 

t-

Statistics 
P-value 

Multiple 

R 0.95 Intercept 54.21 4.57 11.86 7.5E-05 

R Square 0.91 "X1" -1.41 0.54 -2.62 4.7E-02 

Adjusted 

R Square 0.86 "X2" -13.92 3.88 -3.59 1.6E-02 

Standard 

Error 3.39 "X3" 0.03 0.01 2.67 4.5E-02 

 

Therefore, equation of the regression line can be written as: 

             Y = - 1.41x1 – 13.92 x2 + 0.03x3 + 54.21 

 

Figure 4.13: Compressive Strength vs. Impurities graph 

From the analysis contribution of silt and clay content towards compressive strength 

reduction of concrete is more significant compared with the organic impurities. From 

the Figure above, it is clear that increase in silt and clay content and organic 

impurities significantly reduces the compressive strength of concrete. The 86% 
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contribution represents a contribution of 30 N/mm
2
 for concrete with target mean 

strength of 38.5 N/mm
2
. Therefore presence of these impurities cannot be ignored 

during concrete production process and they may lead to failure and collapse of 

structural so care must be taken during design and supervision. 

Table 4.19: Compressive Strength Correlation Summary Output 

 

"Y1" "X1" "X2" "X3" 

"Y1" 1 

   "X1" -0.80 1 

  "X2" -0.81 0.650383 1 

 "X3" 0.01 0.237473 0.408235 1 

 

From Table 4.19: it is deduced that contribution of silt/clay content toward the 

compressive strength of concrete is a significant 80 %, the contribution of organic 

impurities toward compressive strength of concrete is 81 % and the contribution of 

texture toward compressive strength of concrete is 1%. It is observed that the 

contribution of silt/clay content towards strength of concrete is more 

significant compared with the organic impurities. Similarly, the contribution of 

texture should not be ignored.  
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CHAPTER FIVE 

5. CONCLUSION AND RECOMMENDATION 

5.1. Conclusion  

Based on the results of the experimental work and theoretical analyses the following 

conclusions can be made. 

Physical Quality and Impurities Requirements  

Aggregates occupy about 80 percent of the volume of typical concrete mixtures, and 

their characteristics have a definitive impact on the performance of fresh and 

hardened concrete. This study was concerned mainly with the physical characteristics 

of fine aggregate particles, that is, absorption capacity, moisture contents, specific 

gravity, shape, texture, grading, silt content and the amount organic impurities in 

sand, as well as their effect on the workability (assessed by means of the slump ) of 

fresh concrete and the compressive strength of hardened concrete. Based on this the 

following conclusions were drawn related to physical quality and impurities of sand. 

 Based on grain size analysis local sand samples are not comparable with the 

standard requirement set by ASTM 33 – 03/ ES C.D3. 201 as they are taken 

directly from their natural places. Thus, to be complying with the standard 

requirement local sand samples must be washed, oven-dried, sieved and 

separated to various size fractions. Each size fraction is then remixed 

according to the grading requirement stated by standards. 

 According to the investigation aggregates that do not meet code requirements 

still be used in concrete production. Such aggregates are not only is gap-

graded but also contain high levels of clay/silt contents recommended by the 

standard.  

 The level of silt and clay content in river sand that is being supplied to Addis 

Ababa ranged from 6.15 % to 17.32 %, while organic impurities ranged from 

1, 2 and 3 i.e. from light, medium and dark. Sand samples AR, A71, AB, and 

Z79 failed to meet silt content limits set out in ASTM C117 which is 10%. 

Similarly 44 % of sand samples under the study exceeded the recommended 

organic content set for concrete production by ASTM standard. 
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Shape and Texture Image Analysis  

Only 600μm sieve sizes were considered for image analysis using optical microscope 

and Zeta profiler software. Since this is a relatively new and expensive technology 

and is not easily available, however, the following conclusions were drawn. 

 It’s believed that the relative impact of shape and texture on packing density 

could vary with particle size. However, image-analysis methods are promising 

because aggregate particles can be analyzed not only for shape but for texture 

in a quantitative basis in a very efficient way and with better information, from 

the correlation result it shows that the shape and texture play an important role 

in the performance of fresh concrete, based on the slump test result. 

 Comparisons between shape and texture indexes for fine aggregate particles 

based on image analysis and shape and texture assessed visually yielded 

mixed results. Some indexes had acceptable correlations with visual 

observations, while others had no correlations. So from this, we can conclude 

that image analysis results not ignorable and vital.  

Sand impurities in terms of workability and strength reduction of concrete 

under regression analysis  

From the discussion it is observed that the contribution of silt/clay content and texture 

towards compressive strength reduction of concrete is more significant compared with 

the organic impurities. Also, the contribution of silt/clay content and texture towards 

consistent mix of concrete is more significant compared with the organic impurities. 

Therefore, the contribution of texture should have to be considered in order to get 

consistent and cohesive concrete mix. 

Performance of Concrete from different source in terms of Strength 

With lower silt and clay contents, the use of river sand would improve the quality 

control of the concrete production because the presence of too much silt and/or clay 

would adversely affect the strength of the concrete produced. 

 A71, AB, AR, and Z79 sand that is under investigation do not fulfill the 

minimum allowable level of silt and clay content stated under ASTM C117, 

due to this impurities and other factors under investigation around 44 % of the 

were fail in compressive strength at 28 days.  
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5.2. Recommendations for This Study 

The compressive strength of concrete is the most important property of concrete used 

in the design of construction works. It is influenced by varying conditions ranging 

from mix proportions to the quality of concrete constituents used. In this study, sand 

at their natural state is used to investigate their index properties and impurities much 

better correlations between experimental and theoretical values were obtained in this 

manner rather than blending and washing the sand, in order to know the level 

impurities and the effect of these impurities towards workability and compressive 

strength. The reason behind these was because of all sand used in the concrete 

production were directly taken from the source and to attain the specific objectives 

stated. It is observed sand at natural state did not achieve graduation requirement and 

however grading plays a major role in concrete workability and since important 

variations on grading is expected in different samples fine aggregates, it is 

recommended to sieve and recombine aggregates for concrete workability. During 

experiment sand with around 8.5 % of clay/silt content brings good results but 

Ethiopian standard did not allow at this limit for concrete work. If the percentage of 

clay/silt content of the sand is more than the limit set by the standards then the 

following remedial measures must be taken.  

 Washing of sand or cement increment should be taken to alleviate the effect of 

clayey silt content of the sand.  

 Before concrete mix preparation, attention should be given to critically assess 

the physical quality, impurities and gradation of fine aggregates. 

 Area and weather based means of alleviating the effect of sand supplied to the 

market from different geographic locations; the quality of the sand is varied 

with at different weather in the same mining area. 

 Construction sand is one of the most important construction materials, but 

availability is limited and there is a need for proper management, awareness, 

and understanding of construction sand by suppliers, quarry operators, washing 

plant operators, builders, and the respective government is not enough. 

 Local area officials and related authorities need to support the legal aspect and 

action to control the illegal operation like diluting the color to get unjust 

economic gain and need to maintain the supply chain management. 
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 Business of standard fine aggregate supplying, sand washing plant and ready 

mix concrete production and supply should be encouraged for various reasons: 

it improves quality, reduce storage requirements (especially downtown), easy 

to standardize and control the product and a lesser workforce (laborers) is 

required on site. 

 The conclusions to be considered in developing standards requirement for 

construction sand quality and supply management 

5.3. Recommendations for Future Study 

 Only 600μm sieve sizes were considered in image analysis of fine aggregate, 

attempt can be extend to assessment for the entire fine and coarse aggregate. 
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APPENDIX I 

MIX DESIGN 
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CONCRETE MIX DESIGN      FOR C-30 

Specified characteristic strength by cube:                                                     30 MPa 

Required Slump 30-50mm                                                              Date: 03/07/2019 

Parameter Specification Reference 

Type of Cement OPC (Dangote) 

 Maximum Cement content 

  Water/Cement Ratio 0.445 CONMIXER 

Target compressive strength Mpa 38.5 

 Standard deviation 8.5 ACI Table 3.1 

Designed cube compressive strength Mpa 30 

 The maximum nominal size of coarse aggregate in mm 20 

 % Air content(different for each sample) 

  Cement content in Kg/m3 415.7 

 Coarse aggregate content in Kg/m3 1011.6 

 
Fine aggregate  content in Kg/m3(different for each 

sample) 
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APPENDIX II 

Results of cube compressive strength of concrete (raw data) 
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Date Specimens Were Cast: 02/07/2019;  

Description of Test Specimens: Cube Test 

Code S.N 
Taste 

age 

Area 

(mm3) 

Weight 

(gm) 

Volum

e  

(cm3) 

Failure 

Load 

Compressive 

Strength 

(MPa) 

(gm/ 

cm3) 

Date of 

Tasted 

SO 

1 

3 

22500 7859.11 3375 396.21 17.61 2.33 

2
/7

/2
0
1

9
 

2 22500 7802.00 3375 360.93 16.04 2.31 

3 22500 7916.12 3375 307.60 13.67 2.35 

                                                                  Mean 15.77 2.33 

1 

7 

22500 7919.00 3375 493.77 21.95 2.35 

5
/7

/2
0
1

9
 

2 22500 7905.00 3375 512.46 22.78 2.34 

3 22500 7902.00 3375 492.62 21.89 2.34 

                                                                  Mean 22.21 2.34 

1 

28 

22500 7927.30 3375 992.5 44.11 2.35 

3
0

/7
/2

0
1
9
 

2 22500 7915.20 3375 915.6 40.69 2.35 

3 22500 7909.50 3375 948.8 42.17 2.34 

                                                                  Mean  42.32 2.35 

Date Specimens Were Cast: 02/07/2019;  

Description of Test Specimens: Cube Test 

Code S.N 
Taste 

age 

Area 

(mm3) 

Weight 

(gm) 

Volum

e  (cm3) 

Failure 

Load 

Compressive 

Strength 

(MPa) 

(gm/c

m3) 

Date of 

Tasted 

AL 

1 

3 

22500 7761.50 3375 346.73 15.41 2.30 

2
/7

/2
0
1

9
 

2 22500 7928.00 3375 275.56 12.25 2.35 

3 22500 7932.30 3375 274.51 12.20 2.35 

                                                                  Mean 13.29 2.33 

1 

7 

22500 7802.00 3375 562.67 25.01 2.31 

5
/7

/2
0
1

9
 

2 22500 7910.50 3375 485.73 21.59 2.34 

3 22500 7930.80 3375 491.54 21.85 2.35 

                                                                  Mean 22.81 2.34 

1 

28 

22500 7812.50 3375 941.7 41.85 2.31 

3
0

/7
/2

0
1
9
 

2 22500 7916.50 3375 852.6 37.89 2.35 

3 22500 7938.40 3375 879 39.07 2.35 

                                                                  Mean 39.60 2.34 

Date specimens were cast:  

Description of test specimens: Cube test 

Code S.N 
Taste 

age 

Area 

(mm3) 

Weight 

(gm) 

Volume  

(cm3) 

Failure 

Load 

Compressive 

Strength 

(MPa) 

(gm/cm3) 
Date of 

Tasted 

AB 

1 

3 

22500 7768.00 3375 152.78 6.79 2.30 

2
/7

/2
0
1

9
 

2 22500 7836.50 3375 152.51 6.78 2.32 

3 22500 7822.50 3375 144.26 6.41 2.32 

                                                                  Mean 6.66 2.31 

1 

7 

22500 7800.22 3375 334.80 14.88 2.31 

5
/7

/2
0
1

9
 

2 22500 7842.65 3375 315.04 14.00 2.32 

3 22500 7840.45 3375 345.81 15.37 2.32 

                                                                  Mean 14.75 2.32 

1 

28 

22500 7801.50 3375 478.63 21.27 2.31 

3
0

/7
/2

0
1
9
 

2 22500 7856.20 3375 470.42 20.91 2.33 

3 22500 7848.40 3375 474.23 21.08 2.33 

                                                                  Mean 21.09 2.32 
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Date specimens were cast: 

Description of test specimens: Cube test 

Code S.N 
Taste 

age 

Area 

(mm3) 

Weight 

(gm) 

Volume  

(cm3) 

Failure 

Load 

Compressive 

Strength 

(MPa) 

(gm/cm3) 
Date of 

Tasted 

AR 

1 

3 

22500 7980.6 3375 311.79 13.86 2.36 

2
/7

/2
0
1

9
 

2 22500 7984.6 3375 253.39 11.26 2.37 

3 22500 7920.2 3375 237.42 10.55 2.35 

Mean 11.89 2.36 

1 

7 

22500 7910.55 3375 310.24 13.79 2.34 

5
/7

/2
0
1

9
 

2 22500 7970.51 3375 283.71 12.61 2.36 

3 22500 7899.22 3375 246.83 10.97 2.34 

Mean 12.46 2.35 

1 

28 

22500 8274.30 3375 623.6 27.72 2.45 

3
0

/7
/2

0
1
9
 

2 22500 7979.10 3375 506.9 22.53 2.36 

3 22500 7982.40 3375 475.4 21.13 2.37 

Mean 23.79 2.39 

Date specimens were cast: 

Description of test specimens: Cube test 

Code S.N 
Taste 

age 

Area 

(mm3) 

Weight 

(gm) 

Volume  

(cm3) 

Failure 

Load 

Compressive 

Strength 

(MPa) 

(gm/cm3) 
Date of 

Tasted 

A71 

1 

3 

22500 7455.1 3375 144.88 6.44 2.21 

2
/7

/2
0
1

9
 

2 22500 7416.5 3375 164.50 7.31 2.20 

3 22500 7492.5 3375 141.23 6.28 2.22 

Mean 6.68 2.21 

1 

7 

22500 7301.11 3375 234.66 10.43 2.16 

5
/7

/2
0
1

9
 

2 22500 7396.45 3375 231.43 10.29 2.19 

3 22500 7483.92 3375 194.78 8.66 2.22 

Mean 9.79 2.19 

1 

28 

22500 7305.42 3375 420.92 18.71 2.16 

3
0

/7
/2

0
1
9
 

2 22500 7414.91 3375 463.13 20.58 2.20 

3 22500 7494.92 3375 453.82 20.17 2.22 

Mean 19.82 2.19 

Date specimens were cast: 

Description of test specimens: Cube test 

Code S.N 
Taste 

age 

Area 

(mm3) 

Weight 

(gm) 

Volume  

(cm3) 

Failure 

Load 

Compressive 

Strength 

(MPa) 

(gm/cm3) 
Date of 

Tasted 

MA 

1 

3 

22500 8175.73 3375 284.27 12.63 2.42 

2
/7

/2
0
1

9
 

2 22500 8199.50 3375 262.29 11.66 2.43 

3 22500 8118.85 3375 314.99 14.00 2.41 

Mean 12.76 2.42 

1 

7 

22500 8189.80 3375 434.69 19.32 2.43 

5
/7

/2
0
1

9
 

2 22500 8246.90 3375 398.02 17.69 2.44 

3 22500 8100.50 3375 426.11 18.94 2.40 

Mean 18.65 2.42 

1 

28 

22500 8190.40 3375 739.9 32.88 2.43 

3
0

/7
/2

0
1
9
 

2 22500 8256.80 3375 663.7 29.50 2.45 

3 22500 8122.30 3375 805.2 35.79 2.41 

Mean 32.72 2.43 
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Date specimens were cast:  

Description of test specimens: Cube test 

Code S.N 
Taste 

age 

Area 

(mm3) 

Weight 

(gm) 

Volume  

(cm3) 

Failure 

Load 

Compressive 

Strength 

(MPa) 

(gm/cm3) 

Date 

of 

Tasted 

Z79 

1 

3 

22500 7607.53 3375 330.57 14.69 2.25 

  
2 22500 7605.56 3375 261.78 11.63 2.25 

3 22500 7500.14 3375 231.96 10.31 2.22 

                                                                  Mean 12.21 2.24 

1 

7 

22500 7657.60 3375 395.66 17.59 2.27 

  
2 22500 7655.12 3375 307.07 13.65 2.27 

3 22500 7502.55 3375 362.52 16.11 2.22 

                                                                  Mean 15.78 2.25 

1 

28 

22500 7661.10 3375 662.2 29.43 2.27 

  
2 22500 7661.40 3375 529.71 23.54 2.27 

3 22500 7511.50 3375 636.9 28.31 2.23 

                                                                  Mean 27.09 2.26 

Date specimens were cast:  

Description of test specimens: Cube test 

Code S.N 
Taste 

age 

Area 

(mm3) 

Weight 

(gm) 

Volume  

(cm3) 

Failure 

Load 

Compressive 

Strength 

(MPa) 

(gm/cm3) 

Date 

of 

Tasted 

MT 

1 

3 

22500 7800.00 3375 361.02 16.05 2.31 

  
2 22500 7752.33 3375 337.37 14.99 2.30 

3 22500 7756.15 3375 399.34 17.75 2.30 

                                                                  Mean 16.26 2.30 

1 

7 

22500 7861.13 3375 567.02 25.20 2.33 

  
2 22500 7828.51 3375 523.98 23.29 2.32 

3 22500 7860.17 3375 602.24 26.77 2.33 

                                                                  Mean 25.08 2.33 

1 

28 

22500 7832.40 3375 822 36.53 2.32 

  
2 22500 7782.80 3375 759.5 33.76 2.31 

3 22500 7865.20 3375 899 39.96 2.33 

                                                                  Mean 36.75 2.32 

Date specimens were cast:  

Description of test specimens: Cube test 

Code S.N 
Taste 

age 

Area 

(mm3) 

Weight 

(gm) 

Volume  

(cm3) 

Failure 

Load 

Compressive 

Strength 

(MPa) 

(gm/cm3) 

Date 

of 

Tasted 

WE 

1 

3 

22500 7989.12 3375 396.21 17.61 2.37 

  
2 22500 7991.00 3375 360.93 16.04 2.37 

3 22500 7969.14 3375 317.09 14.09 2.36 

                                                                  Mean 15.91 2.37 

1 

7 

22500 7965.15 3375 493.77 21.95 2.36 

  
2 22500 7975.00 3375 512.46 22.78 2.36 

3 22500 7980.19 3375 492.62 21.89 2.36 

                                                                  Mean 22.21 2.36 

1 

28 

22500 7986.00 3375 992.5 44.11 2.37 

  
2 22500 8076.00 3375 915.6 40.69 2.39 

3 22500 8152.00 3375 948.8 42.17 2.42 

                                                                  Mean 42.32 2.39 
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APPENDIX III 

Optical Microscope Image Analysis Zeta Report (raw data) 
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Sand sample A71 Zeta Analysis Report 
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Sand sample AB Zeta Analysis Report 
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Sand sample AL Zeta Analysis Report 
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Sand sample AR Zeta Analysis Report 
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Sand sample MA Zeta Analysis Report 
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Sand sample MT Zeta Analysis Report 
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Sand sample SO Zeta Analysis Report 
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Sand sample WE Zeta Analysis Report 
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Sand sample Z79 Zeta Analysis Report
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