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Abstract 

The construction industry in Ethiopia is booming sector because of increased public 

investment on development projects and private investments. So in this wide industry, 

Failure of concrete structures leading to collapse of buildings has initiated various 

researches on the quality of construction materials.  Sand, as one of the most accessible 

natural resources, has been used mostly as a construction material since the earliest days 

of civilization. It is defined as continuously graded unconsolidated material (sediment) 

present on the earth's surface as a result of the natural disintegration of rock. The sand is 

an inert element essential in the composition of concrete; its use ensures granular 

continuity between the cement and gravel for better cohesion of concrete. In Ethiopia, 

rivers sands are transported kilometers away from Addis Ababa. So Supplying of natural 

sand from the quarry site is exposed for so many irregularities which affect the 

Compressive property of concrete. Natural sand should be free from impurities which are 

intentionally added. Visit to the two different sites has been made by means of high way 

transportation to collect the sand sample. To achieve the research objective, Quarried 

&Supplied sand samples for laboratory investigation were collected from Ziway and 

Gorro (Addis Ababa).This experimental study has been under taken to investigate the 

compressive property and durability of concrete using the quarried and supplied sand 

from the same source by conducting Tests. The Experimental Test results have displayed 

that there is compressive test result difference between the quarried and the supplied sand 

with the same mix proportion.  

Key words: Quarried sand, Supplied sand, Irregularity, Impurities, Compressive 

strength, Durability 
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CHAPTER ONE 

INTRODUCTION 

1.1General Background 

Concrete is a mixture of cement, fine aggregate, coarse aggregate and water. Concrete 

has a high compressive strength and a very low tensile strength. Quality of constituent 

materials used in the preparation of concrete plays a paramount role in the development 

of both physical and strength properties of the resultant concrete. Water, cement, fine 

aggregates, coarse aggregates and any admixtures used should be free from harmful 

impurities that negatively impact on the properties of hardened concrete. Sand is one of 

the normal natural fine aggregates used in concrete production [1].  Sand is the most 

common and loosely packed construction material on the earth’s surface smaller than 

gravel and larger than silt and clay. Sand particles mostly range from 0.02 mm to 2.00 

mm in diameter.  

The quality of transported sand is highly exposed to some other irregularities since the 

transportation requires high distance from the construction site. So quality assurance, by 

using laboratory techniques, of the supplied sand is very essential in order to attain the 

desire of the customers as well as to maintain the desired mechanical property of 

concrete. Even if the quality of sand at the quarry site is well enough good but the 

supplied sand, which is assumed to be come from the same place,  usually has different 

properties due to some other irregular action of  suppliers.  
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This investigation has been focusing on the quality of building sand in terms of having 

the silt and clay content and organic impurities within the allowable limit as set out in 

British Standard (BS) 882 as well as in Ethiopian standard. This research has been also 

seeking to determine the level of silt and clay content and organic impurities present in 

building sand being supplied in around Addis Ababa and also the effect of these 

impurities to the quality of concrete. It further seeks to establish the minimum allowable 

limits of silt and clay and organic impurities for concrete production based on the tested 

samples.  

Quality of material ingredients (i.e. cement, fine aggregates, coarse aggregates, 

admixtures and water) plays key roles in the development of the physical and strength 

properties of concrete. Concrete ingredients should be free from harmful impurities that 

negatively impact on the properties of concrete structures. Sand is the normal natural fine 

aggregates used for concrete production [1].Past researches identify the major causes of 

buildings failure as workmanship, quality of building materials, quality of sand, quality 

of coarse aggregates, quality of steel reinforcement, concrete mix proportioning, faulty 

construction methodology, defective designs and non-compliance with specifications or 

standards . Use of good quality building sands improve both operational and lifecycle 

performance Of buildings by preventing frequent repairs and ensuring building’s long 

lifespan thus reducing overall investment cost [2]. 

1.2 Statement of the problem 

Sands are usually located far from the city project area may be kilometers away. Now a 

days there are many sand suppliers in which their stock is on different part of Addis 

Ababa.  
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But, the physical and chemical property of sand in which they have brought is partially or 

completely different. Supplier brings construction sand from different site of quarries 

with different physical &chemical properties from one another. This study has observed 

this practice in the supply areas by taking pictures. So this study focuses the effect of this 

practice on the quality of the sand as well as on the quality of the concrete made by 

taking samples &experimental procedures. Since the quarry site is far from the 

construction area, the suppliers have got the chance to seek some kind informal sand 

supplying practices such as: 

 Mixing with other sand from another quarry site at the production stage out of the 

agreement without any formal experimental judgment. 

 By mixing the construction sand with pumice to fulfill the desired volume. 

 Bringing unwanted sand from another quarry site at the middle or at the end of the 

trip out of the interest of the customer. 

 Besides the above problems, the quality of the sand and the Compressive strength 

of the concrete made using the sand which comes by this way is negatively 

affected.  

1.3 Objective of the study 

1.3.1 General objective of the study 

To investigate the compressive strength of concrete by using quarried river sand collected 

from the source and supplied sand from the market place through selective sampling and 

testing. 
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1.3.2 Specific objective of the study 

The specific objectives of this study are as follows: 

 To investigate the quality and the characteristics of the supplied sand and quarried 

river sand 

 To investigate the compressive strength of concrete made using the quarried river 

sand. 

 To investigate the compressive strength of concrete made using the supplied sand. 

1.4. Research Questions 

Generally, this study will tries to answer the following research questions 

 Is there any quality difference between the supplied sand at stock and the original 

produced sand at quarry site? 

 Is there any experimental test result difference on compressive property of 

concrete which is made using quarried sand and supplied sand? 

 If there is a difference in the experimental investigation result, what kind of effect 

will it have on the compressive property of the concrete? 

 What kinds of informal supplying practice are being used starting from 

production to hauling stage? 

 What measures should be taken to avoid such types of improper practices? 

1.5 Significance of the study 

This study has the following significant points for each stake holders (contractor, client 

and the government): 
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 The government is going to be informed about the supplying system of sand .As a 

result of this some regulations are going to be formulated to control some 

improper  supplying practices of sand. 

 Customers or contractors are going be aware about the quality defect of the sand 

which comes by the improper adulteration of the sand. 

 Clients are going to be aware about the quality of the sand that their contractor is 

using which adversely affects the life period of the building. 

 This study supports consultant offices or supervisors that they should be take care 

about the quality, purpose and the source of the supplied sand as well as  

compressive property of the concrete made using the sand.  

 By understanding the listed preconditions it helps to avoid the unnecessary 

wastage of resources (Time, money and equipment) of each stake holders. 

1.6 Scope of the study                                                                                                                                          

Aggregates in concrete comprise of both fine aggregates commonly known as sand and 

coarse aggregates referred to as gravel. Fine aggregates in general may be those found 

naturally (pit, river or marine sand) or those which are manufactured (manufactured 

sand). This thesis only covers the Experimental investigation on the compressive strength 

of concrete and the quality test of two samples of natural type fine aggregates. There are 

many sand suppliers in Addis Ababa in which their stock in different part of Addis Ababa 

i.e. Goro, Kara, meselameya Giyorgis, meselameya Mariam etc.  

Site visit and Physical observation has been made on different stock of sand suppiers.This 

study has culminated that more or less there is similar sand supplying system all over the 

suppliers.   
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Moreover, the research was done only by taking sand samples from quarry sands in 

ziway and supplied sands in Addis Ababa, Goro. The river sand was found around 121 

km away from Addis Ababa. 

1.7. Organization of the study 

This research contains five chapters as described below: 

 Chapter One is an introductory part containing discussions on the background, 

objectives of the study - general and specific and the organization or layout of the 

study. 

 Chapter Two presents literature review with general descriptions by different 

researchers on the general overview of concrete, Aggregates and the effect of the 

quality of fine aggregate on concrete and related to it. 

 Chapter Three describes the methodology employed in order to achieve the 

objectives stated above. 

 Chapter Four gives the results and discussions on Experimental investigation of 

two samples of natural sand from ziway and supplied sand found from suppliers 

in Addis Ababa.  

 Chapter Five gives the conclusion and recommendations in accordance with the 

results obtained in chapter four. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Concrete  

Concrete is the most commonly used construction material which is used is a composite 

material composed of coarse granular (the aggregate or filler) and fine aggregate material 

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

among the aggregate particles and glues them together. Concrete is by far the most 

versatile and most widely used construction material worldwide [McGraw -Hill 1993]. It 

can be engineered to satisfy a wide range of performance specifications, unlike other 

building materials, such as natural stone or steel, which generally have to be used as they 

are. 

2.1.1 Concrete making materials 

Concrete is made up of various constituents. The properties and characteristics of the 

composite are functions of the constituent materials’ properties as well as the various mix 

proportions. A composite material that consists essentially of a binding medium, such as 

a mixture of Portland cement and water, within which are embedded particles or 

fragments of aggregate, usually a combination of fine and coarse aggregate. The quality 

of concrete making materials controls the quality of the concrete [ChudleyR. Greeno 

1999] which has also been found to be one of the causes of building collapse all over the 

building. Since this study mainly focuses on fine aggregates witch is one of the concrete 

constituents materials most of the literatures are concerning general &particular concept 

of fine aggregate. 



 

8 

  

2.2 Fine aggregate overview 

2.2.1. General 

―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 5%.Natural sand 

or crushed stone dust is the fine aggregate chiefly used in 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 ascertained total percentage of clay, silt, salt and other such 

organic matter does not exceed of specified limit‖ (Kumar, 1992). 

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

sand. Natural Sand-A fine aggregate produced by the natural of rock. Crushed stone sand 

and crushed gravel sand-Fine aggregates produced by the artificially crushing a hard 

stone or rock after quarrying, and a natural gravel respectively.‖ (IS Code 2116-1965) 

They also provide the base that underlies paved roads, railroad ballast, surfaces on 

unpaved roads, and filtering material in water treatment [3]. Aggregates consist of about 

three fourth of the volume of concrete. The property of the aggregate greatly affects the 

property of the resulting concrete. An ideal aggregate would be one that is inert; but this 

is not the case for most. The physical, chemical, mechanical and thermal properties of 

aggregates manipulate the quality of the concrete.  

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

important from both technical and economical standpoints [4]. Natural sands and gravels 

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

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

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

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

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

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

or slate used for lightweight aggregates [5].  

Fine aggregates often called sand (BS 882; 1992) are of size not larger than 5mm and that 

of coarse aggregate is with size at least 5mm.  Sand is the principal component of 

concrete, the critical construction material and deserves special attention when 

considering the means of process control. Unlike coarse aggregate where various types of 

crushers may be used to upgrade mineral quality, sand basically relies on the same 

techniques to address both mineral quality and sizing. These techniques are called 

particle exclusion. Whichever size the producer decides to eliminate for quality reasons, 

obviously, also affects the sizing [6]. Moreover, sand is a key component of inland and 

coastal eco-systems. Unselective mining of sand degrades rivers beds, Make Rivers 

change course, and degrades the fishery base. Sand helps maintain groundwater tables 

and keeps saline water from intruding into freshwater sources in coastal areas.  

To have an impression on both the beneficial and adverse effects sand mining brings 

about Environmental impact assessment (EIA) is mostly undertaken. This is a process of 

evaluating or predicting the likely environmental impacts of sand production, taking into 

account interrelated socio-economic, cultural and human-health impacts. The purpose of 

the assessment is to ensure that decision makers consider the environmental impacts 

when deciding whether or not to proceed with a project i.e. the production process.  
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Being an important component for concrete, obtaining good quality natural sand is 

critical. These easily available natural resources usually accompany gravels which 

basically imply the deposits may not have been laid uniformly, meaning a potential 

change in quality and size is possible. In some deposits, sand found below the water table 

differs in fines content and quality from that found above the water table, due to this 

subsurface drilling, sampling, and testing are necessary to know to what degree and 

where these differences occur [6]. As naturally existing material sand may not exist in a 

pure state i.e. some very fine particles such as dust, silt and clay may intrude in it. In 

order to remove the necessary amounts of these fines most sands are produced with wash 

water and water classification. The key to all rinsing and water classifying systems is 

adequate delivery of water. Inadequate water supply and poor maintenance are the two 

most common reasons for inconsistent sand gradations [6]. 

2.2.2. Sources of fine aggregates 

The booming construction industry, real estates, the buildings in which majority of 

government offices are, etc., all are constructed with the help of sand [7] Generally, sand 

is found on the banks of rivers and beaches of seas or oceans. The rivers carry sediments 

with them and due to erosion in the due course of motion rounding of boulders happens 

from which small fragments are released from the parent rock and the process continues 

with the newly formed fragments along with boulders. Thus, minute particles finally 

suspend and are carried along with the river flow which is generally termed as sand. 

Whenever we are mining the sand from these areas, there is always a ―replenishment 

capacity per year‖ associated with every river or bank in a particular area. If sand is 

mined within this limit, then it is environmentally sustainable [8]. 
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 It is generally accepted that sand and gravel are widely distributed and abundant near 

existing and past rivers and streams, in alluvial basins, and in previously glaciated 

areas.Regardless of the wide distribution, these aggregates are not universally available 

for use. Where the locality lacks the fine aggregate source, the costly alternatives of 

importing fine aggregate from outside the area or substituting another material for  fine 

aggregate is considered. Basically, the sources of natural fine aggregate are of three types 

[9]: 

2.2.2.1. Pit sand (Coarse sand) 

This type of sand is procured from deep pits of abundant supply. It has a property of 

being coarse grained which is sharp, angular and free from salts. It mostly has a reddish 

yellow color and mostly employed in concreting [9]. 

2.2.2.2. River sand 

The River sands are obtained from banks or beds of rivers. Natural river sand is the most 

preferred choice as a fine aggregate material and it is a product of   rocks of rocks over a 

period of millions of years. River sand has the property of being fine and consists of fine 

rounded grains. The color of river sand is almost white and grayish. River sand is usually 

available in clean condition and is used for plastering [10].River sand (fresh water) is far 

superior for construction purpose than any other sand used. 

2.2.2.3. Sea/Marine sand 

As the name implies, sea sand is taken from sea shores. It has fine rounded grains and it 

is light brown in color.  
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Sea sand is avoided for the purpose of constructing concrete structure since it contains 

salt and tends to absorb moisture from the atmosphere and brings dampness [10]. 

2.2.3. Fine aggregate/sand production 

Sand is one of the most accessible natural resource that has been used since the earliest 

days of civilization mostly as a construction material. According to USGS, the largest 

producer of sand and gravel in the world is the United States, produced 26.5 million 

metric tonnes of the materials. Italy ranks second with an annual production of over 14 

million metric tonnes. The third place is occupied by Germany, producing 6.5 million 

metric tonnes [11]. 

The production of fine aggregate starts with the exploration process where locating a 

suitable resource near the area is done. Once the exploration is done, it is followed by the 

mining process where the actual extraction of the material takes place. To enhance the 

quality of the extracted fine aggregate, it is further processed through washing, drying, 

sorting, and storing. This is followed by transportation to the final destination. Delivering 

to the final destination is not an end to the production process. A reclamation program is 

required where maintenance to the interrupted land takes place. A detailed description of 

each step is discussed below.  

2.2.3.1. Exploration  

A mining project begins once knowhow on the extent and value of the mineral ore 

deposit has been accomplished. Information on the location and value of the mineral ore 

deposit is obtained during the exploration phase. This phase includes surveys, field 

studies, and drilling test boreholes and other exploratory excavations [12].  
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The exploratory phase may involve clearing of wide areas of vegetation, to allow the 

entry of heavy vehicles mounted with drilling rigs. Many countries require a separate EIA 

for the exploratory phase of a mining project because the impacts of this phase can be 

intense and further phases of mining may not follow if exploration fails to find sufficient 

quantities of mineral ore deposits. 

2.2.3.2.Mining                                                                                                                                                                      

Mining is the actual removal of the material from the source. Before any actual mining is 

done at a site, overburden which is mainly composed of silt, loam, clay, or combinations 

of the three is removed from the top of the sand formation with the help of scrapers or 

tracked excavators and off-road haul trucks. Once the overburden has been removed, the 

sand is mined out either by open pit excavation or by dredging. Open pit excavation is 

carried out with power shovels, draglines, front end loaders, and bucket wheel 

excavators. Depending upon the geological formation, blasting may be used to loosen the 

sand deposit followed by the crushing process to reduce the size. Mining by dredging 

involves mounting the equipment on boats or barges and removing the fine aggregate and 

gravel from the bottom of the water body by suction or bucket-type dredges [13].  

Having obtained the mined mineral, the material may be directly used without further 

processing, taken directly to the washing process, stockpiled on site for later processing, 

or transported to a processing plant [14].  Although significant amounts of sand and 

gravel are used without processing, most sand and gravel are processed prior to use.  

Therefore, the materials are transported to the processing plant by suction pump, earth 

mover, barge, truck, belt conveyors, or other means [13] 
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2.2.3.3. Processing 

Sand must be of uniform size and shape. To achieve this uniformity, the sand is run 

through a processing plant. The processing of sand and gravel involves the use of 

different combinations of washers, driers, screens, and classifiers to segregate particle 

sizes; crushers to reduce oversized material; and storage and loading facilities [13]. A 

picture representation of a typical drying machine used to dry the sand; a sand dewatering 

tower and grading machine are shown in figure 2. 

(a)         (b)                                                                                             

                                  (c)         

Figure 2.1 (a) A typical drying plant; (b) Sand dewatering tower; and (c) Grading 

machine 
 

Washing 

The purpose of washing sand is to free it from fine particles, clay and organic impurities. 

Washing is done by spraying the sand with water as it is carried over a vibrating screen. 

The fine particles are washed off the sand and the coarse particles are carried along the 

screen by the vibration.  
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Some processing operations also use what is known as an up flow clarifier to wash the 

sand. An up flow clarifier is essentially a tank where water and sand are continuously 

directed into the tank.  

The water washes the sand and the overflow water along with the fines flow over the tank 

while the washed sand falls by gravity to the bottom of the tank and is sent for further 

processing [13].Modern quarries use attrition scrubbers which remove silt and gravel 

from the sand particles using the abrasive power of water and hydro-cyclone systems, 

which in turn use pressurized water jets to float the fine grains of sand away from the 

coarse grains. Solid particles that are separated from the finer sand particles are allowed 

to settle in silt lagoons [15]. 

Drying  

Prior to sand being sized and stored as a final product, it typically goes through a drying 

process to reduce the moisture content. Once the sand has been washed, it is then sent to 

a surge pile where much of the water adhering to the sand particles infiltrates back into 

the ground. From the surge pile, the sand is sent to the dryer and screening operation.  

Sorting and Screening 

After the sand passes through the drying phase, it is graded to produce the grain size 

needed for a particular purpose. Vibrating screens are used to screen the sand; these can 

be changed to produce the different grain sizes [15].The screens separate the oversize 

material from the smaller, marketable sizes. Oversize material may be used for erosion 

control, reclamation, or other uses, or it may be directed to a crusher for size reduction, to 

produce crushed aggregate, or to produce manufactured sands. Following crushing, the 

material is returned to the screening operation for sizing [13].  
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In modern processing plants, different grain sizes can be selected. The graded sand is 

then conveyed to storage silos or on to a bagging shed. The whole operation is controlled 

from a central diagnostic desk, controlling flow and storage. The sand is tested several 

times at various stages of the process to ensure that it conforms to the specifications of 

that particular grade of sand [15] once washed, dried, graded and tested; the sand is 

stored in piles or bagged ready for transportation. In the case of the bagged sands, the 

correct weight of sand is deposited into each polythene sack, which is sealed and sprayed 

with a batch number, date and grade and moved to the waiting lorries [15]. 

2.2.3.4. Transporting 

Transportation of sand from the time it is mined, processed, and eventually delivered to 

the location where it is going to be used can take many mediums depending upon the 

location of the mine, the processing facility and the destination where the sand will 

ultimately be used. Transportation is a key element of the supply process and a large part 

of the delivered price. Within the mine, the sand may be transported by front-end loaders, 

large open-topped off-road trucks, or dump trucks [14]. Vehicular traffic on local roads 

will have an impact on the service life and condition of the roads.  

The degree of road deterioration will depend on the amount of traffic, the type of 

vehicles, and the design of the road. Rail currently seems to be the preferred method of 

transporting sand from the mine or from the processing plant to the location of final use 

[14]. Similarly, aggregates can be transported using the network of inland waterways. 

Although this is a much less common form of transportation, it can provide a very useful 

means of connecting isolated deposits to established processing plants [16].  
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Non-road methods of transporting supplies of aggregate are therefore very important. 

However, due to the flexibility of road transportation (and the relative inflexibility of rail 

and water transportation), the product is often ultimately delivered to its final point of 

sale by truck [16]. 

2.2.4. Quality requirement of fine aggregate 

The quality of fine aggregate used in concrete has a bearing effect on the quality of the 

final output. 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. 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. Therefore, 

standards have been set in order to help obtain the desired concrete quality. Some of the 

requirements are discussed below: 

2.2.4.1. Silt Content 

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

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

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

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

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

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

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

Therefore it is necessary that one make a test on the silt content and checks against 
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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 is based on the fact that large 

heavy particle will settle rapidly in water while small light particle will settle most 

slowly. This test is only fit for normal sand and should not be used for crushed rock 

sands.  

The British and American standards (BS 882, ASTM C-33) limit the clay and silt content 

not to be more than 3% of the total weight of the fine aggregate. Unlike these standard 

limits the Ethiopian standard gives more allowance by about 3% more. According to the 

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

exceeds a value of 6 % [17]. 

2.2.4.2. Sieve Analysis  

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

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

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

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

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

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

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

Therefore it is necessary that one make a test on the silt content and checks against 

permissible limits.   

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

the mixture, and the maximum size of coarse aggregate.   
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In leaner mixes or when small size coarse aggregate are used, a grading that approaches 

the maximum recommended percentage passing each sieve is desirable for workability.  

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

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

effect on strength.  

The various sizes of particles of which the sand is composed shall be uniformly 

distributed through the mass. The required grading may often be obtained by screening 

and/or by blending together either natural sands or crushed stone screenings, which are 

by themselves, unsuitable.‖[Indian standards Specification for sand with masonry mortars 

:]‖( IS2116-1965). However, the best economy will sometimes be achieved by adjusting 

the concrete mixture to suit the gradation of the local aggregates [18]. 

The particle size distribution of an aggregate as determined by sieve analysis is termed 

grading of aggregate. If a concrete contains aggregate of uniform size, the compacted 

mass will contain a lot of voids. However, use of graded aggregate produces dense 

concrete and needs less quantity of fine aggregate. Therefore, a well- graded aggregate is 

required to produce quality concrete. The grading of aggregates affects the workability, 

which, in turn, controls the water and cement requirements, segregation, and influence 

the placing, and finishing of concrete. These factors represent the placing and finishing of 

concrete and affect properties in the important characteristics of fresh concrete as well as 

properties in the hardened state.  Therefore aggregate has to conform to the grading 

requirement of standards specified on the technical specification. The grading or particle 

size distribution of coarse and fine aggregate on ES, BS and ASTM shall be within the 

limits specified ES-fine aggregate general requirements.  
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Fine aggregate shall consist of natural sand obtained from the natural disintegration of 

rock or sand obtained from crushed stones.  The fine aggregate shall not have more than 

45 percent retained between any two consecutive sieves.  

Table 2.1. ES- Grading Requirement for Coarse Aggregate 

Table 2.2 ASTM and ES- Grading requirement for fine aggregate 

 

Sieve  Percentage passing 

9.5mm  100 

4.75mm  95-100 

2.36mm  80-100 

1.18mm  50-85 

600  25-60 

300  10-30 

150  2-10 

 

 

Normal size of 

graded aggregate, 

mm 

Percentage passing through test sieves having square openings 

75mm 63mm 37.5mm 19mm 13.2mm 9.5mm 4.75mm 

38-5 100 - 95-100 30-70 - 10-35 0-5 

19-5 - - 100 95-100 - 25-55 0-10 

13-5 - - - 100 90-100 40-85 0-10 
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The AASHTO specifications permit the minimum percentages (by mass) of material 

passing the 300μm (No.50) and 150μm (No. 100) sieves to be reduced to 5% and 0% 

respectively, provided [30]: 

1. The aggregate is used in air-entrained concrete containing more than 237 

kilograms of cement per cubic meter (400 lb. of cement per cubic yard) and 

having an air content of more than 3%. 

2. The aggregate is used in concrete containing more than 297 kilograms of 

cement per cubic meter when the concrete is not air-entrained. 

3. An approved supplementary cementitious material is used to supply the 

deficiency in material passing these two sieves. 

Other requirements of ASTM C 33 (AASTHO M 6) are: 

1. The fine aggregate must not have more than 45% retained between any two 

consecutive standard sieves. 

2. The fineness modulus must be not less than 2.3 nor more than 3.1, nor vary 

more than 0.2 from the typical value of the aggregate source. If this value is 

exceeded, the fine aggregate should be rejected unless suitable adjustments are 

made in proportions of fine and coarse aggregate. 

The amounts of fine aggregate passing the 300μm (No. 50) and 150μm (No. 100) sieves 

affect workability, surface texture, air content, and bleeding of concrete. Most 

specifications allow 5% to 30% to pass the 300μm (No. 50) sieve. The lower limit may 

be sufficient for easy placing conditions or where concrete is mechanically finished.  



 

22 

  

 However, for hand-finished concrete floors, or where a smooth surface texture is desired, 

fine aggregate with at least 15% passing the 300μm (No. 50) sieve and 3% or more 

passing the 150μm (No. 100) sieve should be used. 

Table 2.3.Sand classification based on grain size 

Type of Sand Grain Size 

very fine sand 0.0625mm to 0.125mm 

Fine Sand 0.125mm to 0.25mm 

Medium Sand 0.25mm to 0.50mm 

Coarse Sand 0.50mm to 1mm 

Very Coarse Sand 1mm to 3mm 

2.2.4.3 Moisture content 

The Moisture content should be less than 0.2% determined as the loss of mass of a 

representative sample of sand after 2 hours drying at 105 oC to 110 oC and expressed as 

a percentage by mass of the dried sample. 

2.2.5. Uses of fine aggregates 

Sand has been used widely in the construction industry for many hundreds of years. Even 

during Roman times, sand was a useful resource, used in the production of tiles. The 

1930s saw Leighton Buzzard sand mixed with lime to make special steamed bricks at 

Stonehenge Bricks Ltd. White, silica-rich, sand from Heath and Reach has also been 

distributed internationally to major cement manufacturers [15]. More than 200 diverse 

uses of sand are listed today; including in the leisure and sports industry for golf courses, 

football pitches and greyhound tracks. Sand is widely used in construction and make up 

30-40% of concrete.  
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Aggregates (Fine and Coarse) are component of composite materials such as concrete and 

asphalt concrete; the aggregate serves as reinforcement to add strength to the overall 

composite material. Due to the relatively high hydraulic conductivity value as compared 

to most soils, aggregates are widely used in drainage applications such as foundation and 

Trench drains, septic drain fields, retaining wall drains, and road side edge drains. 

Aggregates are also used as base material under foundations, roads, and railroads. To put 

it in other words, aggregates are used as a stable foundation or road/rail base with 

predictable, uniform properties (e.g. to help prevent differential settling under the road or 

building), or as a low-cost extender that binds with more expensive cement or asphalt to 

form concrete. 

Aggregates have three basic functions [19]: 

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

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

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

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

from moisture changes in the cement-water paste. 

2.3. Charactestics of Fine Aggregates for concrete 

The importance of using the right type and quality of aggregates cannot be 

overemphasized. The fine and coarse aggregates generally occupy 60% to 75% of the 

concrete volume (70% to 85% by mass) and strongly influence the concrete’s freshly 

mixed and hardened properties, mixture proportions, and economy.  
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The important characteristics of fine aggregates for concrete are listed in Table 2.4 and 

most are discussed in the following section 

Table2.4.Characteristics and Tests of Aggregate 

Characteristic  Significance  Test designation 

Requirement or item 

reported 

Grading  

Workability of fresh 

concrete;  

economy  

ASTM C 117 

(AASHTO T 11)  

ASTM C 136 

(AASHTO T 27)  

Minimum and 

maximum 

percentage passing 

standard sieves 

Fine aggregate 

degradation  

Index of aggregate 

quality;  

Resistance to 

degradation 

during mixing 

ASTM C 1137  Change in grading 

Uncompacted void 

content  

of fine aggregate  

Workability of fresh  

concrete  

ASTM C 1252 

(AASHTO T 304)  

Uncompacted voids 

and 

specific gravity values 

Bulk density  

(unit weight)  

Mix design 

calculations;  

classification  

ASTM C 29 

(AASHTO T 19)  

Compact weight and 

loose weight 

Relative density  

(specific gravity)  

Mix design 

calculations  

ASTM C 127 

(AASHTO T 85)  

fine aggregate 

ASTM C 128 

(AASHTO T 84) 

— 
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coarse aggregate 

Absorption and 

surface  

moisture  

Control of concrete 

quality  

(water-cement ratio)  

ASTM C 70  

ASTM C 127 

(AASHTO T 85) 

ASTM C 128 

(AASHTO T 84) 

ASTM C 566 

(AASHTO T 255) 

— 

Definitions of 

constituents  

Clear understanding 

and  

communication  

ASTM C 125  

ASTM C 294 

— 

Aggregate 

constituents  

Determine amount of  

deleterious and 

organic  

materials  

ASTM C 40 

(AASHTO T 21)  

ASTM C 87 

(AASHTO T 71)  

ASTM C 117 

(AASHTO T 11) 

ASTM C 123 

(AASHTO T 113) 

ASTM C 142 

(AASHTO T 112) 

ASTM C 295 

Maximum percentage 

allowed 

of individual 

constituents 
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The majority of the tests and characteristics listed are referenced in ASTM C 33 

(AASHTO M 6/M 80). ACI 221R-96 presents additional test methods and properties of 

concrete influenced by aggregate characteristics. 

2.3.1. Fine-Aggregate Grading 

Requirements of ASTM C 33 or AASHTO M 6/M 43 permit a relatively wide range in 

fine-aggregate gradation, but specifications by other organizations are sometimes more 

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

richness of the mixture, and the maximum size of coarse aggregate. In leaner mixtures, or 

when small-size coarse aggregates are used, a grading that approaches the maximum 

recommended percentage passing each sieve is desirable for workability. In general, if 

the water-cement ratio is kept constant and the ratio of fine-to-coarse aggregate is chosen 

correctly, a wide range in grading can be used without measurable effect on strength. 

However, the best economy will sometimes be achieved by adjusting the concrete 

mixture to suit the gradation of the local aggregates. 

2.3.2 Fineness Modulus.  

The fineness modulus (FM) of either fine or coarse aggregate according to ASTM C 125 

is calculated by adding the cumulative percentages by mass retained on each of a 

specified series of sieves and dividing the sum by 100. The specified sieves for 

determining FM are: 150 µm (No. 100), 300 µm (No. 50), 600 µm (No.30), 1.18 mm 

(No. 16), 2.36 mm (No. 8), 4.75 mm (No. 4),9.5 mm (3⁄8 in.), 19.0 mm (3⁄4 in.), 37.5 mm 

(11⁄2 in.), 75 mm(3 in.) and, 150 mm (6 in.).FM is an index of the fineness of an 

aggregate—the higher the FM, the coarser the aggregate. Different aggregate grading 

may have the same FM.  
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FM of fine aggregates useful in estimating proportions of fine and coarse aggregates in 

concrete mixtures.  An example of how the FM of a fine aggregate is determined (with an 

assumed sieve analysis) is shown in Table 2.6. Degradation of fine aggregate due to 

friction and abrasion will decrease the FM and increase the amount of materials finer than 

the 75 µm (No. 200) sieve   

Table 2.6. Determination of Fineness Modulus of Fine Aggregate 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sieve size 

Percentage of 

individual 

fraction retained,  

by mass  

Percentage of 

passing,  by mass 

Cumulative 

percentage retained, 

by mass 

9.5 mm (3⁄8in.) 0  

 

100  0 

4.75 mm (No.4) 2 98 2 

2.36 mm (No.8) 13 85 15 

1.18 mm (No.16) 20 65 35 

600 µm (No.30) 20 45 55 

300 µm (No.50) 24 21 79 

150 µm (No.100)  

 

18 3 97 

Pan 3 0 - 

Total 100   283 

   F.M=283/100=2.83 
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2.3.3. Bulk Density (Unit Weight)  

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

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

occupied by both fine aggregates and the voids between fine aggregate particles. The 

approximate bulk density of aggregate commonly used in normal-weight concrete ranges 

from about1200 to 1750 kg/m3 (75 to 110 lb. /ft3). The void content between particles 

affects paste requirements in mix design. Void contents range from about 30% to 45% for 

coarse aggregates to about 40% to 50% for fine aggregate.  

Angularity increases void content while larger sizes of well-graded aggregate and 

improved grading decreases void content. Methods of determining the bulk density of 

aggregates and void content are given in ASTM C 29 (AASHTO T 19). In these 

standards, three methods are described for consolidating the aggregate in the container 

depending on the maximum size of the aggregate: rodding, jigging, and shoveling. The 

measurement of loose uncompacted void content of fine aggregate is described in ASTM 

C 1252.           

2.3.4 Relative Density (Specific Gravity) 

The relative density (specific gravity) of an aggregate is the ratio of its mass to the mass 

of an equal absolute volume of water. It is used in certain computations for mixture 

proportioning and control, such as the volume occupied by the aggregate in the absolute 

volume method 2 of mix design. It is not generally used as a measure of aggregate 

quality, though some porous aggregates that exhibit accelerated freeze-thaw deterioration 

do have low specific gravities. Most natural aggregates have relative densities between 

2.4 and 2.9 with corresponding particle densities of 2400 and 2900 kg/m3  
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(150 and 181 lb. /ft3). Test methods for determining relative densities for coarse and fine 

aggregates are described in ASTM C 127(AASHTO T 85) and ASTM C 128 (AASHTO 

T 84), respectively. The relative density of an aggregate may be determined on an oven 

dry basis or a saturated surface-dry (SSD) basis. Both the oven dry and saturated surface-

dry relative densities may be used in concrete mixture proportioning calculations. Oven 

dry aggregates do not contain any absorbed or free water. They are dried in an oven to 

constant weight. Saturated surface-dry aggregates are those in which the pores in each 

aggregate particle are filled with water but there is no excess water on the p article 

surface. 

2.3.5. Density 

The density of aggregate particles used in mixture proportioning computations (not 

including voids between particles) is determined by multiplying the relative density 

(specific gravity) of the aggregate times the density of water. An approximate value of 

1000 kg/m3 (62.4 lb. /ft3) is often used for the density of water. The density of aggregate, 

along with more accurate values for water density, is provided in ASTM C 127 

(AASHTO T 85) and ASTM C 128 (AASHTO T 84). Most natural aggregates have 

particle densities of between 2400 and 2900 kg/m3 (150 and 181 lb./ft3). 

2.3.6. Absorption and Surface Moisture 

The absorption and surface moisture of aggregates should be determined according to 

ASTM C 70, C 127, C 128, and C 566 (AASHTO T 255) so that the total water content 

of the concrete can be controlled and correct batch weights determined.  The internal 

structure of an aggregate particle is made up of solid matter and voids that may or may 

not contain water.  
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The moisture conditions of aggregates are shown in Fig. 2.2. They are designated as: 

1. Oven dry—fully absorbent 

2. Air dry—dry at the particle surface but containing some interior moisture, thus still 

somewhat absorbent 

3. Saturated surface dry (SSD)—neither absorbing water from nor contributing water to 

the concrete mixture 

4. Damp or wet—containing an excess of moisture on the surface (free water) The 

amount of water added at the concrete batch plant must be adjusted for the moisture 

conditions of the 

 

Figure 2.2. Moisture conditions of fine aggregate. 

The amount of water added at the concrete batch plant must be adjusted for the moisture 

conditions of the aggregates in order to accurately meet the water requirement of the mix 

design. If the water content of the concrete mixture is not kept constant, the water-cement 

ratio will vary from batch to batch causing other properties, such as the compressive 

strength and workability to vary from Batch to batch.  

Coarse and fine aggregate will generally have absorption levels (moisture contents at 

SSD) in the range of 0.2% to 4% and 0.2% to 2%, respectively.  



 

31 

  

Free-water contents will usually range from 0.5% to 2% for coarse aggregate and 2% to 

6% for fine aggregate. The maximum water content of drained coarse aggregate is 

usually less than that of fine aggregate. Most fine aggregates can maintain maximum 

drained moisture content of about 3% to 8% whereas coarse aggregates can maintain only 

about 1% to 6%. 

2.3.7. Bulking 

Bulking is the increase in total volume of moist fine aggregate over the same mass dry. 

Surface tension in the moisture holds the particles apart, causing an increase in volume. 

Bulking of a fine aggregate (such as sand) occurs when it is shoveled or otherwise moved 

in a damp condition, even though it may have been fully consolidated beforehand. Fig.2.2 

illustrates how the amount of bulking of fine aggregate varies with moisture content and 

grading; fine grading bulk more than coarse grading for a given amount of moisture. 

Since most fine aggregates are delivered in a damp condition, wide variations can occur 

in batch quantities if batching is done by volume. For this reason, good practice has long 

favored weighing the aggregate and adjusting for moisture content when proportioning 

concrete. 

               

Figure 2.3. Relation of bulking fine aggregate with moisture content 
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2.4. Potential Harmful Materials in fine aggregate 

Harmful substances that may be present in aggregates include organic impurities, silt, 

clay, shale, iron oxide, coal, lignite, and certain lightweight and soft particles (Table 2.6). 

In addition, rocks and minerals such as some cherts, strained quartz (Buck and Mather 

1984), and certain dolomitic lime stones are alkali reactive (see Table 2.7). Gypsum and 

anhydrite may cause sulfate attack. Certain aggregates, such as some shales, will cause 

pop outs by swelling (simply by absorbing water) or by freezing of absorbed water 

(Fig.2.3).  

Most specifications limit the permissible amounts of these substances. The performance 

history of an aggregate should be a determining factor in setting the limits for harmful 

substances. Test methods for detecting harmful substances qualitatively or quantitatively 

are listed in Table 2.6. Aggregates are potentially harmful if they contain compounds 

known to react chemically with Portland cement concrete and produce any of the 

following:  

 significant volume changes of the paste, aggregates, or both;  

  interference with the normal hydration of cement; and  

  otherwise harmful byproducts.  

Organic impurities may delay setting and hardening of concrete, may reduce strength 

gain, and in unusual cases may cause deterioration. Organic impurities such as peat, 

humus, and organic loam may not be as detrimental but should be avoided. Materials 

finer than the 75-µm (No. 200) sieve, especially silt and clay, may be present as loose 

dust and may form a coating on the aggregate particles.  
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Even thin coatings of silt or clay on gravel particles can be harmful because they may 

weaken the bond between the cement paste and aggregate. If certain types of silt or clay 

are present in excessive amounts, water requirements may increase significantly. 

Table 2.6. Harmful Materials in Aggregates 

 

Substances  Effect on concrete  Test designation 

Organic  

impurities  

Affects setting  

and hardening,  

may cause 

deterioration 

ASTM C 40 (AASHTO T 21) 

ASTM C 87 (AASHTO T 71) 

Materials finer  

than the 75-µm  

(No. 200) sieve  

Affects bond,  

increases water 

requirement 

ASTM C 117 (AASHTO T 11) 

Coal, lignite,  

or other  

lightweight  

materials  

Affects durability,  

may cause 

stains and 

popouts 

ASTM C 123 (AASHTO T 113) 

Soft particles  Affects durability  ASTM C 235 

Clay lumps  

and friable  

particles  

Affects work-  

ability and 

durability, may 

ASTM C 142 (AASHTO T 112) 
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Table 2.7.Potentially Harmful Reactive Minerals, Rock, and Synthetic Materials 

 

             Alkali-silica reactive substances Alkali-carbonate          

reactive substances 

 Andesites  

 Argillites  

 Certain siliceous  

 limestones  

 and dolomites  

Chalcedonic cherts  

Chalcedony  

Cristobalite  

Dacites  

Opal  

Opaline shales  

Phylites  

Quartzites 

Quartzoses 

Cherts 

Rhyolites 

Schists 

Siliceous shales 

Calcitic dolomites 

Dolomitic lime stones 

Fine-grained dolomites 

cause popouts 

Alkali-reactive  

aggregates  

Causes  

abnormal  

expansion,  

map cracking,  

and popouts  

ASTM C 227 

ASTM C 289 

ASTM C 295 

ASTM C 342 

ASTM C 586 

ASTM C 1260 (AASHTO T 303) 

ASTM C 1293 



 

35 

  

Glassy or  

     cryptocrystalline  

     volcanics  

Granite gneiss  

Graywackes  

Metagraywackes 

Strained quartz 

and certain 

other forms 

of quartz 

Synthetic and 

natural silicious 

glass 

Tridymite 

 

Several of the rocks listed (granite gneiss and certain quartz formations for example) 

react very slowly and may not show evidence of any harmful degree of reactivity until 

the concrete is over 20 years old. Only certain sources of these materials have shown 

reactivity. 

There is a tendency for some fine aggregates to degrade from the grinding action in a 

concrete mixer; this effect, which is measured using ASTM C 1137, may alter mixing 

water, entrained air and slump requirements. Coal or lignite, or other low-density 

materials such aswood or fibrous materials, in excessive amounts will affect the 

durability of concrete. If these impurities occur at or near the surface, they might 

disintegrate, pop out, or cause stains. Potentially harmful chert in coarse aggregate can be 

identified by using ASTM C 123 (AASHTO T 113).  Soft particles in coarse aggregate 

are especially objectionable because they cause popouts and can affect durability and 

wear resistance of concrete. If friable, they could break up during mixing and thereby 

increase the amount of water required.  
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Where abrasion resistance is critical, such as in heavy-duty industrial floors, testing may 

indicate that further investigation or another aggregate source is warranted. Clay lumps 

present in concrete may absorb some of the mixing water, cause popouts in hardened 

concrete, and affect durability and wear resistance. They can also break up during mixing 

and thereby increase the mixing water demand. Aggregates can occasionally contain 

particles of iron oxide and iron sulfide that result in unsightly stains on exposed concrete 

surfaces. The aggregate should meet the staining requirements of ASTM C 330 

(AASHTO M 195) when tested according to ASTM C 641; the quarry face and aggregate 

stockpiles should not show evidence of staining.  

As an additional aid in identifying staining particles, the aggregate can be immersed in a 

lime slurry. If staining particles are present, a blue-green gelatinous precipitate will form 

within 5 to 10 minutes; this will rapidly change to a brown color on exposure to air and 

light. The reaction should be complete within 30 minutes. If no brown gelatinous 

precipitate is formed when a suspect aggregate is placed in the lime slurry, there is little 

likelihood of any reaction taking place in concrete. These tests should be required when 

aggregates with no record of successful prior use are used in architectural concrete. 

2.4.1Alkali-Silika Reactivity (ASR) 

Aggregates containing certain constituents can react with alkali hydroxides in concrete. 

The reactivity is potentially harmful only when it produces significant expansion (Mather 

1975). This alkali-aggregate reactivity (AAR) has two forms—alkali-silica reaction 

(ASR) and alkali-carbonate reaction (ACR). ASR is of more concern than ACR because 

the occurrence of aggregates containing reactive silica minerals is more common. Alkali-

reactive carbonate aggregates have a specific composition that is not very common. 
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Alkali-silica reactivity has been recognized as a potential source of distress in concrete 

since the late 1930s (Stanton 1940 and PCA 1940). 

2.4.1.1 Visual Symptoms of Expansive ASR. 

Typical indicators of ASR might be any of the following: a network of cracks (Fig. 2.3); 

closed or spalled joints; relative displacements of different parts of a structure; or 

fragments breaking out of the surface of the concrete (pop outs) (Fig. 2.4). Because ASR 

deterioration is slow, the risk of catastrophic failure is low.  However, ASR can cause 

serviceability problems and can exacerbate other deterioration mechanisms such as those 

that occur in frost, deicer, or sulfate exposure. The alkali-silica reaction forms a gel that 

swells as it draws water from the surrounding cement paste. Reaction products from ASR 

have a great affinity for moisture.  In absorbing water, these gels can induce pressure, 

expansion, and cracking of the aggregate and surrounding paste. 

 

Figure 2.4. (Top and bottom). Cracking of concrete from alkali silica reactivity 

. 
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Figure 2.5 Popouts caused by ASR of sand-sized particles. 

The reaction can be visualized as a two-step process: 

 1. Alkali hydroxide + reactive silica gel        reaction product (alkali-silica gel) 

 2.  Gel reaction product + moisture         expansion 

The amount of gel formed in the concrete depends on the amount and type of silica and 

alkali hydroxide concentration. The presence of gel does not always coincide with 

distress, and thus, gel presence does not necessarily indicate destructive ASR. For alkali-

silica reaction to occur, the following three conditions must be present: 

 reactive forms of silica in the aggregate,  

 high-alkali (pH) pore solution, and 

 Sufficient moisture 

If one of these conditions is absent, ASR cannot occur. 
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2.4.1.2 Test Methods for Identifying ASR Distress 

It is important to distinguish between the reaction and damage resulting from the 

reaction. In the diagnosis of concrete deterioration, it is most likely that a gel product will 

be identified. But, in some cases significant amounts of gel are formed without causing 

damage to concrete. To pinpoint ASR as the cause of damage, the presence of deleterious 

ASR gel must be verified. A site of expansive reaction can be defined as an aggregate 

particle that is recognizably reactive or potentially reactive and is at least partially 

replaced by gel. Gel can be present in cracks and voids and may also be present in a ring 

surrounding an aggregate particle at its edges.  

A network of internal cracks connecting reacted aggregate particles is an almost certain 

indication that ASR is responsible for cracking. A petrographic examination (ASTM C 

856) is the most positive method for identifying ASR gel in concrete (Powers 1999). 

Petrography, when used to study a known reacted concrete, can confirm the presence of 

reaction products and verify ASR as an underlying cause of deterioration. 

2.4.1.3 Control of ASR in New Concrete 

The best way to avoid ASR is to take appropriate precautions before concrete is placed. 

Standard concrete specifications may require modifications to address ASR. These 

modifications should be carefully tailored to avoid limiting the concrete producer’s 

options. This permits careful analysis of cementitious materials and aggregates and 

choosing a control strategy that optimizes effectiveness and the economic selection of 

materials. If the aggregate is not reactive by historical identification or testing, no special 

requirements are needed. 



 

40 

  

2.4.1.4 Materials and Methods to Control ASR 

The most effective way of controlling expansion due to ASR is to design mixtures 

specifically to control ASR, preferably using locally available materials. The following 

options are not listed in priority order and, although usually not necessary, they can be 

used in combination with one another. In North America, current practices include the 

use of a supplementary cementitious material or blended cement proven by testing to 

control ASR or limiting the alkali content of the concrete.  

Supplementary cementitious materials include fly ash, ground granulated blast-furnace 

slag, silica fume, and natural pozzolans.Blended cements use slag, fly ash, silica fume, 

and natural pozzolans to control ASR. Low-alkali Portland cement (ASTM C 150) with 

an alkali content of not more than 0.60% (equivalent sodium oxide) can be used to 

control ASR. Its use has been successful with slightly reactive to moderately reactive 

aggregates.  

However, low-alkali cements are not available in all areas. Thus, the use of locally 

available cements in combination with pozzolans, slags, or blended cements is preferable 

for controlling ASR. When pozzolans, slags, or blended cements are used to control 

ASR, their effectiveness must be determined by tests such as ASTM C 1260 (modified) 

or C 1293. Where applicable, different amounts of pozzolan or slag should be tested to 

determine the optimum dosage. Expansion usually decreases as the dosage of the 

pozzolan or slag increases. Lithium based admixtures are also available to control ASR. 

Limestone sweetening (the popular term for replacing approximately 30% of the reactive 

sand-gravel aggregate with crushed limestone) is effective in controlling deterioration in 

some sand-gravel aggregate concretes.  
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See AASHTO (2001), Farny and Kosmatka (1997), and PCA (1998) for more 

information on tests to demonstrate the effectiveness of the above control measures. 

2.4.2 Alkali-Carbonate Reaction (ACR) 

Reactions observed with certain dolomitic rocks are associated with alkali-carbonate 

reaction (ACR). Reactive rocks usually contain large crystals of dolomite scattered in and 

surrounded by a fine-grained matrix of calcite and clay. Calcite is one of the mineral 

forms of calcium carbonate; dolomite is the common name for calcium-magnesium 

carbonate. ACR is relatively rare because aggregates susceptible to this reaction are 

usually unsuitable for use in concrete for other reasons, such as strength potential.  

Argillaceous dolomitic limestone contains calcite and dolomite with appreciable amounts 

of clay and can contain small amounts of reactive silica. Alkali reactivity of carbonate 

rocks is not usually dependent upon its clay mineral composition (Hadley 1961). 

Aggregates have potential for expansive ACR if the following lithological characteristics 

exist (Ozol 1994 and Swenson 1967): 

 clay content, or insoluble residue content, in the range of 5% to 25%; 

 calcite-to-dolomite ratio of approximately 1:1; 

 increase in the dolomite volume up to a point at which interlocking texture 

becomes a restraining factor; and 

 Small size of the discrete dolomite crystals (rhombs) suspended in a clay matrix 
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2.4.2.1 Materials and Methods to Control ACR.  

ACR-susceptible aggregate has a specific composition that is readily identified by 

petrographic testing. If a rock indicates ACR susceptibility, one of the following 

preventive measures should be taken: 

 Selective quarrying to completely avoid reactive aggregate; 

 Blend aggregate according to Appendix in ASTM C 1105; or 

 Limit aggregate size to smallest practical. Low-alkali cement and pozzolans are 

generally not very effective in controlling expansive ACR. 

2.5 Research Gaps 

Research has made by Sandor Popovics in 2000 that the physical, chemical properties of 

fine aggregates manipulate the quality of the concrete. Use of good quality building sands 

improve both operational and lifecycle performance Of buildings by preventing frequent 

repairs and ensuring building’s long lifespan thus reducing overall investment 

cost[American Concrete Institute,2003]. Therefore, fine and coarse aggregates must be 

properly selected depending on their physical and mechanical properties (Cetin and 

Carrasquillo, 1998; Denis et al., 2002; Singh et al, 2015). 

But there is a research gap in experimental investigation of compressive quality of 

concrete made using quarried sand and supplied sand, from the market, by compare and 

contrast the samples. So this paper tried to fill the gap on the compressive strength 

investigation of concrete made between the quarried and supplied sand. 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1. Introduction 

Concrete is a very important material in the construction industry which is spearheading 

infrastructural development in Ethiopia leading to the expected prosperity and growth of 

the nation. The quality of concrete constituent materials controls its strength. Which has 

also been found to be one of the causes of building collapse all over the world. For this 

reason attention must be given to the factors which affect the strength of concrete.  

Failure to do this can result in the need to spend more money. Hence, this chapter 

presents on how the study has used effective methods and materials in the experimental 

study on the impact of external added impurities in fine aggregates (sand). The concrete 

mixtures used in the laboratory portion of this research contain different quantity of sand 

samples from different sources. 

The property of sand samples is also to be determined through effective testing and 

measurement. The specimens used for compressive strength were six cubes of size 

150mm. All test specimens are has been prepared in accordance to the specifications. In 

this research most the laboratory testing has been carried out according to the American 

concrete institute method of mix design (ACI).  

All the experimental approaches were conducted in licenced private material testing 

company called Mafkon Engineering and Construction P.L.C, Which is located in Addis 

Ababa City around Gorro. 
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3.3 Sampling 

This research employed laboratory experimental methods. Sand samples were collected 

from the river quarry, from Ziway, and market sand places, in Addis Ababa,. Sand 

samples has been labeled based on the place where they are collected i.e. ZRS & uses to 

represent samples sourced from Ziway River sand and Supplied sand, respectively. From 

each study area, a 50 kg sand sample is procured for grading and testing.  

With regard to the  to the mix proportion, volume and weight of other concrete 

constituent material i.e. Portland cement ,coarse aggregate and water, is just to be 

computed.it is clearly discussed in this chapter after all the sand quality tests parameters 

has been explained. 

3.3 Material Property 

3.3.1 Sieve Analysis and Grading 

Quarried River Sand 

River sand is used and sieve analysis was carried out to whether it meets the AASHTO or 

BS standards and the result is given in table 8 below. Sand samples were graded by using 

IS sieves starting from 12.5mm sieve size up to 0.075mm sieve size. AASHTO M 6-93 

Or ASTM C standard has been used for the particle size distribution of the sand samples. 

The gradation test result of the river sand sample clearly shows the particle size as shown 

Table 2.8 and 2 kg sand sample was taken for the gradation test before washing.  
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Table 3.1. Gradation Test result using the river sand sample AASHTO M 6-93 Or ASTM 

C 136 

 

From the above Table the gradation of sample of supplied sand used is within the upper 

and lower limit of the standards. It is therefore satisfactory to be used for the concrete 

preparation 

Supplied Sand 

Supplied sand is used and sieve analysis was carried out to whether it meets the 

AASHTO or BS standards and the result is given in table 3.2 below. Sand samples were 

graded by using IS sieves starting from 12.5mm sieve size up to 0.075mm sieve size. . 

Weight 

Before 

washin

g 

                                  2000 gm 

                                                            

AASHTO 

Sieve   

Size 

mm 

Weight 

Retaine

d 

%. 

Retained 

 % 

pass 

AASHTO M-6 BS 882 

Cumulati

ve 

Lower Upper Lower Upper 

12.5 0 0          

100 

100 100.0 100 100.0 

9.5 30 1.2 1.20 99 95 100.0 89.0 100.0 

4.75 

 

65 2.6 3.8 96 80 100.0 60.0 100.0 

2.36 150 6.00 15.20 90 50 85.0 30.0 100.0 

1.18 285 11.40 26.60 79 25 60.0 15.0 100.0 

0.6 780 31.20 57.80 48 10 30.0 5.0 70.0 

0.3 575 23.00 80.80 25 2 10.0 0.0 15.0 

0.15 420 16.8 97.6 8     

0.075 150 6.0 103.6 2     
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AASHTO M 6-93 Or ASTM C standard has been used for the particle size distribution of 

the sand samples. The gradation test result of the supplied sand sample clearly shows the 

particle size as shown Table 3.2. 

Table 3.2. Gradation Test result using the supplied sand from the suppliers AASHTO M 

6-93 Or ASTM C 136 

Weight 

Before 

washi

ng 

                                  2000gm 

                                                   

2000 g AASHTO 

Sieve   

Size 

mm 

Weight 

Retained 

%. 

Retained 

 % 

pass 

AASHTO M-6 BS 882 

Cumulative Lower Upper Lower Upper 

12.5 0 0  100 100 100.0 100 100.0 

9.5 20 1.00 1.00 99 95 100.0 89.0 100.0 

4.75 

 

195 9.75 10.75 89 80 100.0 60.0 100.0 

2.36 235 11.75 22.5 78 50 85.0 30.0 100.0 

1.18 405 20.25 42.75 57 25 60.0 15.0 100.0 

0.6 370 18.5 61.25 39 10 30.0 5.0 70.0 

0.3 310 15.5 76.75 23 2 10.0 0.0 15.0 

0.15 180 9.00 85.75 14     

0.075 230 11.50 97.25 3     

        

From the above Table the gradation of sample of supplied sand used is within the upper 

and lower limit of the standards. It is therefore satisfactory to be used for the concrete 

preparation.       

Coarse Aggregates 

A crushed aggregate of maximum size 25 mm is used. Sieve analysis was carried out and 

proportioned to meet the Ethiopian standards and the result is given in table 3.2 below. 
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Table 3.3 Grading requirements for coarse aggregates (ESC.D3.201) 

weight 

before 

washing  

                             

6015gm 

Sieve 

size(mm) 

Weight 

Retained(gm) 

% 

Retained 

Cumulative 

coarser (%) 

Cumulative 

passing 

(%) 

ES 

C.D3.201   

lower upper 

37.5  -  -  -  - 95 100 

25 2390 39.73 39.73 60.27  -  - 

19 1018 16.92 56.66 43.34 30 70 

12.5 950 15.79 72.45 27.55  -  - 

9.5 1002.1 16.66 89.11 10.89 10 35 

4.75 407 6.77 95.88 4.12 0 5 

2.36 227 3.77 99.65 0.35  -  - 

passing 

1.18(pan) 

20.9 0.35 100.00 0     

            

Total 

sum 6015           
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From the above Table the gradation of sample of crushed aggregate used is within the 

upper and lower limit of the standards. It is therefore satisfactory to be used for the 

concrete preparation 

3.2.2 Quality sand Tests 

Quarried River Sand 

Sand Samples were taken from the river around Ziway. The Experimental quality 

sand test result of quarried river sand   samples are shown below 

Table 3.4.Quality sand Test Results of River Sand 

No   Test Type              Test Result 

1 Silt and Clay Content (%) 1.8 

2 Fineness Modules 2.83 

3 Loose Unit Weight(Kg/m3) 1368 

4 Compacted Unit Weight(Kg/m3) 1526 

5 Moisture Content 3.9 

6 Water Absorption (%) 5.04 

7 Bulk Specific Gravity 2.63 

8 Bulk Specific Gravity(SSD) 2.67 

9 Apparent Specific Gravity 2.71 
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Supplied Sand 

The Experimental quality sand test result of Supplied sand   samples are shown below               

Table 3.5.Quality sand Test Results Supplied Sand samples 

No   Test Type              Test Result 

1 Silt and Clay Content (%) 2.75 

2 Fineness Modules 3.00 

3 Loose Unit Weight(Kg/m3) 1261 

4 Compacted Unit Weight(Kg/m3) 1381 

5 Moisture Content 4.1 

6 Water Absorption (%) 6.04 

7 Bulk Specific Gravity 2.3 

8 Bulk Specific Gravity(SSD) 2.38 

9 Apparent Specific Gravity 2.41 

                                                                                                                                 

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

silt content exceeds a value of 6% (Abebe dinku, 2002). Therefore, according to the 

experiment it satisfies the criteria as specified. According to ASTM C 33 (AASTHO M 

6), the fineness modulus must be not less than 2.3 nor more than 3.1.So the above sand 

samples satisfies this criteria. But by comparing the physical properties of each sample, 

The quarried river sand has more quality and preferable than the supplied sand. 
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3.2.3 Specific gravity & Water Absorption 

The specific gravity of a substance is the ratio between the weight of the substance 

and that of the same volume of water. This definition assumes that the substance is 

solid throughout. Aggregates, however, have pores that are both permeable and 

impermeable; whose structure (Size, number, and continuity pattern) affects water 

absorption, permeability, and specific gravity of the aggregates [17]. The specific 

gravity of river sand and supplied sand was determined using pycnometers by shaking 

the sample sand with water for about 10 minutes. The parameters needed for 

computing the Specific Gravity of both sand Samples are shown in the table below. 

Table 3.6. Specific gravity of Quarried River sand sample 

 

 

Quarried River Sand          

Sample 

1 Mass of dry sand sample in gm 

(A) 

50gm 

2 Mass of pycnometer+Water in 

gm=B 

340gm 

 Mass of Sand At 

SSD(A+B)=(C) 

390gm 

3 Mass of A+B after shaking 10 

min.=(D) 

369gm 

4  Specific Gravity=A/(A+B-D) 2.63 
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Table 3.7. Specific gravity of supplied sand sample 

  Supplied Sand Sample 

1 Mass of dry sand sample in gm (A) 50gm 

2 Mass of pycnometer+Water in 

gm=B 

375gm 

3 Mass of Sand At SSD(A+B)=(C) 425gm 

4 Mass of A+B after shaking 10 

min.=(D) 

403.26 

5 
 Specific Gravity=A/(A+B-D) 

2.3 

                 Table 3.8.Water absorption capacity of River sand sample 

  River Sand Sample 

1 Mass of dry sand sample with 

can gm (A) 

500gm 

2 Mass of dry sand with can 

+water gm(B) 

1610gm 

 Mass of Sand +water after being 

soaked for 24 hours (C) 

525.2gm 

3 Water absorption 

capacity(%)=(C-A)/A 

5.04 

4  Specific Gravity=A/(A+B-D) 2.63 
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Table 3.9. Water absorption capacity of supplied sand sample 

  Supplied Sand Sample 

1 Mass of dry sand sample with 

can gm (A) 

793.67gm 

2 Mass of dry sand with can 

+water gm(B) 

1571.8 

 Mass of Sand +water after 

being soaked for 24 hours (C) 

841.91gm 

3 Water absorption 

capacity(%)=(C-A)/A 

6.03 

4 Specific Gravity=A/(A+B-D) 2.3 

 

 

Figure 3.2. Testing of specific gravity of a sample sand using pycnometer 
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3.3.4 Unit weight  

Unit weight can be defined as the weight of a given Volume of graded fine 

aggregate. It is thus a density measurement and is also known as bulk density. The 

unit weight effectively measures that the graded fine aggregate will occupy in 

concrete and includes both the solid aggregate particles and the void between them. 

The unit weight simply measured by filling container of known volume and 

weighing it.Clearly, however, the degree of compaction will change the amount of 

void space. And hence the value of unit weight. Since the weight of aggregate is 

dependent on the moisture content of the aggregate, constant moisture content is 

required [17].   

Table 3.10.Loose Unit Weight of River sand sample 

 

 

 

 

 

 

 

 

 

  River Sand Sample 

1 Cone  1(A) 2655gm 

2 Cone  2(B) 2660gm 

3 Cone  3(C) 2690gm 

4 Average weight from the 3 

trials=(A+B+C)/3 

2668gm 

5 Weight of the cylinder  935gm 

6 Volume of the cylinder 0.0019m3 

7 Unit 

weight=Avg.Weght/0.0019m3 

1368 
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Table 3.11.Loose Unit Weight of supplied sand sample 

 

 

 

 

 

 

 

 

 

Table 3.12. Compacted Unit Weight of River sand sample 

 

 

  Supplied Sand Sample 

1 Cone  1(A) 3374gm 

2 Cone  2(B) 3316gm 

3 Cone  3(C) 3317gm 

4 Average weight from the 3 

trials=(A+B+C)/3 

3331gm 

5 Weight of the cylinder 935gm 

6 Volume of the cylinder 0.0019m3 

7 Unit 

weight=Avg.Weght/0.0019m3 

1261 

  River Sand Sample 

1 Cone  1(A) 2900gm 

2 Cone  2(B) 2905gm 

3 Cone  3(C) 2895gm 

4 Average weight from the 3 

trials=(A+B+C)/3 

2900gm 

5 Weight of the cylinder  935gm 

6 Volume of the cylinder 0.0019m3 

7 Unit weight=Avg.Weght/0.0019m3 1526 
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Table 3.13.Compacted Unit Weight of supplied sand sample 

  Supplied Sand Sample 

1 Cone 1(A) 3517gm 

2 Cone 2(B) 3569gm 

3 Cone 3(C) 3588gm 

4 Average weight from the 3 

trials=(A+B+C)/3 

3558gm 

5 Weight of the cylinder 935gm 

6 Volume of the cylinder 0.0019m3 

7 Unit 

weight=Avg.Weght/0.0019m3 

1381 

      

                                  

Figure 3.3. Testing of compacted unit weight of sample sand using a cylinder 
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3.3.5 Moisture Content 

A design water cement ration is usually specified based on the assumption that 

aggregates are inert (Neither absorb nor give water to the mixture).but in most cases 

fine aggregates from different sources do not comply with this i.e. wet aggregates give 

water to the mix and drier aggregates (those with below saturation level moisture 

content) take water from the mix affecting in both cases, the design water cement ratio 

and therefore workability and strength of workability. 

In order to correct these discrepancies the moisture content of the fine aggregate has to 

be determined [17]. Therefore, the moisture content of the sand samples is shown in 

the table below. 

Table 3.14.Moisture content of River sand sample 

 

 

Quarried River Sand 

Sample 

1 Weight of bulk sand before 

oven(A) 

542.97gm 

2 Wight of dry sand after 

oven(B) 

525.74gm 

3 Weight of pan(C) 85.50gm 

4 Moisture content=A-B/(B-C) 3.9% 
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Table 3.15.Moisture content supplied sand sample 

  Supplied Sand Sample 

1 Weight of bulk sand before 

oven(A) 

542.97gm 

2 Wight of dry sand after 

oven(B) 

524.95gm 

3 Weight of pan(C) 85.50gm 

4 Moisture content=A-B/(B-C) 4.1% 

 

3.3 Methods 

This study has tried to use both qualitative & quantitative research method to get reach 

data of to promote in depth about the Experimental investigation on the compressive 

strength of concrete using the river sand from the quarry and the supplied sand from the 

supplying place. To find out the compressive strength of the concrete made, mix design 

apparatus have been used. 

3.3.1 Mix Design  

This section describes the method of determining the compressive strength of concrete 

cubes by using both river sand sample and supplied sand sample. This is the process of 

selecting the correct proportions of cement, fine and coarse aggregate and water to 

produce concrete having the properties specified and desired in accordance to the ACI 

design procedures. The entire work carried out for design mix proportions of concrete is 

for C-25 grade concrete. 
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The approach to be adopted for specifying mix parameters will be with reference to the 

weights of materials in a unit volume of fully compacted concrete. This method will 

result in the mix being specified in terms of the weights in kilograms of different 

materials required to produce 1m3 of finished concrete.  The cement and coarse 

aggregates proportions of the concrete making materials are mixing with each defined 

proportion of sand samples particles to determine if there is a difference on the 

compressive strength of the concrete made by using both sand samples. 

To clearly find the compressive strength between the river sand sample and supplied 

sample two mix design is prepared with equal proportion of concrete making materials 

(water, sand, Coarse aggregate) in each mix design. 

Stages in Mix –Design 

1. Choice of slump 

2. Aggregate size 

3. Mixing water and air content 

4. Water/cement ratio 

5. Calculation of pozzolanic materials (cement content) 

6. Estimation of coarse and fine aggregates content 

7. Adjustment for moistures in Aggregates 

8. Mix proportion /Trial batch 
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3.3.1.1 Batching of concrete materials 

Following the mix design process, concrete materials (Cement, Fine and Coarse 

Aggregates) should be prepared early enough before the concrete works begins. This 

allows the smooth running of the project. Batching of materials was done by weight 

basis. The advantage of weight method is that bulking of aggregates (especially fine 

aggregates) does not affect the proportioning of materials by weight unlike batching by 

volume method. Bulking of sand results in a smaller weight of sand occupying a fixed 

volume of the measuring container thus the resulting mix becomes deficient in sand and 

appears stony and the concrete may be prone to segregation and honeycombing. Concrete 

yield may be reduced. Batching of concrete materials by weight may be expressed as 

follows; 

Wt (C) + Wt (CA) + Wt (FA) + Wt (Air) = Wt (CC) 

Where; 

Wt (C) = Weight of cement 

Wt (CA) = Weight of coarse aggregate 

Wt (FA) = Weight of fine aggregate 

Wt (Air) = Weight of entrained air 

Wt (CC) = Weight of compacted concrete 
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Table 3.16. Adjusted mass of materials per 1m3 of concrete for mix design using 

quarried river sand 

Material Mass per 1m
3
  mass for 0.03 

m
3
 coarse aggregates 1122k.g/m3 5.85 

River sand 691.44k.g/m3 9.45 

Cement 315k.g/m3 33.66 

Water 186.g/m3 20.74 

Air 1.5   

 

Table 3.17. Adjusted mass of materials per 1m3 of concrete for mix design using 

supplied sand 

Material 
Mass per 

1m
3
  

mass for 0.03 

m
3
 

coarse aggregates 1122k.g/m3 5.85 

Supplied Sand 691.44k.g/m3 9.45 

Cement (Derba OPC) 315k.g/m3 33.66 

Water 186.g/m3 20.74 

Water cement ratio 0.59   

 

3.3.2 Slump test 

Slump Test is the simplest test for workability and is most widely used on construction 

sites. In the slump test, the distance that a cone full of concrete slumps down is measured 

when the cone lifted from around the concrete. The slump can vary from nil on dry mixes 

to complete collapse on a very wet ones. One drawback with this test is that it is not 

helpful for a very dry mix. The test was done according to BS 1881 – 102:1983 which 

describes the determination of slump of cohesive concrete of medium to high 

workability. The slump test is sensitive to the consistency of fresh concrete.  
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There are three kinds of slumps to be required in the test. The test is valid if it yields a 

true slump, this being a slump in which the concrete remains substantially intact and 

symmetrical. 

1. True slump- where the concrete just subsides, keeping its shape approximately 

2. Shear slump – where the top half of the cone shears off and slips sideways down an 

inclined plane 

3. Collapse slump – where the concrete collapses completely 

The slump test result for the mix design (which is made using the river sand &supplied 

sand) as follow in the table below 

Table 3.18. Slump test result for both mix designs 

Marking Sample Mix Design date casted Consistency (mm) 

Mix Design 1 River sand  28/09/09 28mm 

Mix Design 2 Supplied sand 28/09/10 25mm 

 

 

Figure 3.4. Concrete cone moulds for slump test 
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3.3 Method of Data Analysis 

Analysis is an interactive process by which answers to be examined to see whether these 

results support the hypothesis underlying each question. This study has tried to use 

quantitative research method to get reach data of to promote in depth about the 

Experimental investigation on the compressive strength of concrete using the river sand 

from the quarry and the supplied sand from the supplying place. The  method  used  to  

analyse  the  experimental  data  is  a  quantitative method involving numerical data. This 

method assists to analyse the results which can easily be tabulated in actual numbers.  

Finally, numerical result analysis and discussions were carried out for this study.   
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CHAPTER FOUR 

EXPERIMENTAL RESULTS AND DISCUSSION 

4.1Introduction 

This study has been aimed aims on Experimental study’s to establish the quality of sand 

collected directly from the source (river or pit) in comparison to the quality of sand 

source at the supply points (market places) in order to establish the extent of adulteration 

within the supply chain and its effect on the compressive strength property and durability 

of the concrete through selective sampling and testing. According to the Experimental 

result the quality of river sand as well as the compressive strength of the concrete has 

been just decreasing as the sand is transported to the suppliers which will be distribute to 

customers because of that the sand in the hand of suppliers is being exposed to many 

irregularity which declines the quality of the sand and the strength of the concrete made.  

4.2 Experimental Results 

4.2.1 Slump test result 

Table 4.1. Slump test result for both mix designs 

 

Marking Sample Mix Design date casted Consistency (mm) 

Mix Design 1 River sand 28/09/09 28mm 

Mix Design 2 Supplied sand 28/09/10 25mm 
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4.2.2 Compressive strength of concrete result after 7 &28 days of curing  

The Compressive strength test was performed on cube specimens of size 

150mmx150mmx150mm. All the specimens were cast and tested at the age of 7 and 28 

days. The compressive test result for both mix design is as follow in the table below. 

Table 4.2.Compressive strength result for mix design 1 (using river sand) at 7 

 

 

Date Age 

in 

Days 

Dimensions of 

cube(m) Unit 

weight(

Kg/m3) 

Force 

(KN) 

Compressive 

Strength 

Markin

g Poured Tested L W H Kg/cm2 Mpa 

1 21/09/2011 28/09/2011 7 0.15 0.15 0.15 2413 450 204 20.4 

2 21/09/2011 28/09/2011 7 0.15 0.15 0.15 2434 450 204 20.4 

3 21/09/2011 28/09/2011 7 0.15 0.15 0.15 2471 470 213 21.3 

 

Table 4.3.Compressive strength result for mix design 2 (using Supplied sand) at day 7 

 

  Date 

Age 

in 

Days 

Dimensions of 

cube(m) 

Unit 

weight(K

g/m3) 

Force 

(KN) 

Compressive 

Strength 

Marking Poured Tested L W H     

1 21/09/2011 28/09/2011 7 0.15 0.15 0.15 2473 368 167 16.7 

2 21/09/2011 28/09/2011 7 0.15 0.15 0.15 2416 382 173 17.3 

3 21/09/2011 28/09/2011 7 0.15 0.15 0.15 2382 415 188 18.8 
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Table 4.4. Compressive strength result for mix design 1 (using river sand) at day 28 

  Date 

Age 

in 

Days 

Dimensions of 

cube(m) Unit 

weight(Kg/m3) 

Force 

(KN) 

Compressive 

Strength 

Marking Poured Tested L W H  Kg/cm2  Mpa 

1 21/09/2011 19/10/2011 28 0.15 0.15 0.15 2459 555 252 25.2 

2 21/09/2011 19/10/2011 28 0.15 0.15 0.15 2434 580 263 26.3 

3 21/09/2011 19/10/2011 28 0.15 0.15 0.15 2481 600 272 27.2 

Table 4.5. Compressive strength result for mix design 2 (using Supplied sand) at day 28 

 

  Date 

Age 

in 

Days 

Dimensions of 

cube(m) Unit 

weight(Kg/m3) 

Force 

(KN) 

Compressive 

Strength 

Marking Poured Tested L W H  Kg/cm2  Mpa 

1 21/09/2011 19/10/2011 28 0.15 0.15 0.15 2491 440 199 19.9 

2 21/09/2011 19/10/2011 28 0.15 0.15 0.15 2373 450 204 20.4 

3 21/09/2011 19/10/2011 28 0.15 0.15 0.15 2407 432 196 19.6 

 

 

Figure 1. Preparing concrete cube molds for compressive strength test 
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4.3 Discussion 

From the study, it is clearly observed that there is a different result in the compressive 

strength of concrete made between the river sand sample from the quarry site and the 

supplied sand from the market place.  

The following table clearly shows that the compressive strength of the concrete made 

using supplied sand declines when it is compared with the concrete cube made using the 

quarried river sand. 

Table 4.6.Loos and Result in the percentage of 7 days concrete compressive strength 

 

Cube 

marking 

compressive strength 

using quarried river 

sand (A) Mpa 

compressive strength 

using supplied sand 

(B) Mpa 

Loos in compressive 

strength(C)=A-B 

Mpa 

Percentage loos in 

compressive 

strength=(C/A)*100% 

1 
20.4 16.7 

3.7 18.14% 

2 
20.4 17.3 

3.1 15.2% 

3 
21.3 18.8 

2.5 11.74% 
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Table 4.7.Loos and Result in the percentage of 28 days concrete compressive strength 

 

Cube 

marking 

compressive strength 

using quarried river 

sand (A)Mpa 

compressive strength 

using supplied sand 

(B)Mpa 

Loos in 

compressive 

strength(C)=A-B 

Mpa 

Percentage loos in 

compressive 

strength=(C/A)*100% 

1 25.2 19.9 5.3 21.03% 

2 26.3 20.4 5.9 22.43% 

3 27.2 19.6 7.6 27.94% 

 

According to the experimental test result the compressive strength of mix design trial 

2(concrete made by using supplied sand) at 7 &28 day is decreased averagely by 15 % & 

23.8% respectively compared to the mix design trial1(concrete made by using supplied 

sand). The study has observed that the quality of the river sand is reduced due to some 

unlawful informal practices on the supplying system of sand .so these informal practices 

are usually done by the sand deliberately for extra economic benefit. These practices have 

a negative effect on the quality strength of the concrete made in the city.  

4.4 Unlawful informal practices observed on the study  

This study has tried to investigate the quality difference between the river sand from the 

quarry site and the supplied sand which is to be called orally pure river sand free from 

any irregular activities. In addition to that this paper has also illustrated irregular 

activities which practiced deliberately by the suppliers and its effect on the compressive 

strength of the concrete made.some of the informal activities observed in the study are as 

follows: 
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4.4.1 Blending of different types of sand from different sources  

This practice is intentionally done by the suppliers to maximize and to compromise the 

quantity of sand to sell. But the properties of sands from different sources are different 

one from another. This study has hardly complained this practice because suppliers are 

doing this without any scientific mix proportion hypothesis. That is why it reduces the 

quality strength as well as the workability of the concrete made.  

  

Figure 4.2. Supplier is selling sand by mixing different types sands from different source 

at Gorro. 
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Figure 4.3. Supplier is selling sand by mixing different types sands from different source 

at mesalemya Giyorgis, Kara, 

  

Figure 4.4 Supplier is selling sand by mixing different types sands from different source 

at mesalemya Maryam, Kotebe, 

 

4.4.2 Mixing the natural sand with pumice 

Pumice is pyroclastic rock and it consists of fragmental volcanic material which has been 

blown in to atmosphere by explosive activities .pumice is highly vesicular material 

derived from acidic lavas and it has a very low density and floats the water (Scientific 

research and Essay Vol.4 (10) October ,2009).  
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So sand mixed with Pumice reduces the density and unit weight of the concrete made 

.But it is allowable to blend pumice with the fine aggregate to produce light Weight 

concrete. Pumice can be found in any place where volcanic activities had been presented. 

That is why suppliers use this material to enhance the desired volume sand to be 

purchased. The unit weight of the supplied sand sample is less as compared to the 

quarried river sand as a result of the extra added pumice on the supplied sand as shown in 

the following table. 

Table 4.8.Result difference in Unit weight between the two sand samples 

 

 

 

 

 

Figure 4.5. Observation found on the market place of sand in which supplier is selling 

sand by mixing it with pumice to enhance the quantity. 

 

                                                       

 

 
Quarried sand 

without pumice 

Supplied sand 

with pumice 
                       

Unit Weight(Kg/m3) 1526 1261 
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CHAPTOR FIVE 

CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusion 

This study has concluded that suppliers of sand, in which their stock is in Addis Ababa, 

are  supplying sand with improper practice, which are explained in the previous chapter, 

that affects the quality of the sand as well as the compressive strength of the concrete 

made. This study has concluded that: 

 The study has observed that the quality of the river sand is reduced due to some 

unlawful informal practices on the supplying system of sand. 

 According to the experimental test result the compressive strength of mix design 

trial 2(concrete made by using supplied sand) at 7 &28 day is decreased averagely 

by 15 % & 23.8% respectively compared to the mix design trial1(concrete made 

by using supplied sand).  

5.2 Recommendation 

5.2.1 From this study 

Since there is a different result in the compressive strength of concrete made between the 

river sand sample and supplied sample, this study clearly recommends the following 

points: 

 Since Suppliers do informal adulteration of sand, Suppliers should have a 

conformation paper about the source and the type of the sand they have in their 

stock from delegated Government office. 
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 Customers should be aware of the type and property of the sand that they are 

procuring from suppliers to protect the unjustified economy bankruptcy. 

 Before customers purchase the supplied sand professionals (Material engineers) 

should have scientific experimental quality test. 

 Sudden frequent quality checking mechanism is necessary from the suppliers 

stock. 

 Even if the sand is needed to blended with pumice and with other types sands, 

with different sources and property, there must be reasonable professional 

blending mechanism to keep strength and durability of the concrete made. 

5.2.2 For future this study 

This study has also clearly recommends the following points for future study: 

 This study did not show the overall supplying system of all sand suppliers in 

Addis Ababa. So additional investigation is required to check the sand supplying 

mechanism of each supplier. 

 Durability of concrete has not been checked in this study .So further study should 

be conducted to check the effect of informal supplying practice of sand on the 

durability of concrete after a time. 
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APPENDIX 

APPENDIX-A: ACI MIX-DESIGN 

                       ACI CONCRETE MIX DESIGN 

                            Mix Design Procedures 

1.   Required material information: 

 Sieve analyses of both fine and coarse aggregate (laboratory test).  

 Fineness modulus of FA (by calculating from sieve analysis). 

 Either well graded, poor graded or gap graded (from gradation curve). 

  Unit weight / bulk density of course aggregate (laboratory test). 

  Specific gravity of coarse and fine aggregate (laboratory test). 

  Absorption capacity of coarse and fine aggregate (laboratory test). 

  Moisture content of FA and CA (laboratory test). 

  Slump (optional) if not given use recommended slump for different structures 

from table. 

  Specified characteristic compressive strength of concrete to be casted 

(specified by engineer for intended structures). 

2. Choice of slump: 

 Generally specified for a particular job.  

  However, if not given, an appropriate value may be chosen from Table. 

  As a general rule, the lowest slump that will permit adequate placement 

should be selected.  

3. Maximum aggregate size: 
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The largest maximum aggregate size that will conform to the following limitations. 

Maximum size should not be larger than: 

 1/5 the minimum dimension of structural members 

  1/3 the thickness of a slab or 

  3/4 the clearance between reinforcing rods and forms.   

4. Estimation of mixing water and air content: 

 An estimation of the amount of water required for air entrainedand non-air-

entrained concretes can be obtained from Table. 

 Approximate mixing water (kg/m3) and air content for different slump sand 

nominal maximum sizes of aggregates. 

5. Water/cement ratio:        

This component is governed by strength and durability requirements       

(a) Strength - Without strength vs. w/c ratio data for certain material, a conservative 

estimate can be made for the accepted 28-day compressive strength from Table. 

(b) Durability - If there are severe exposure conditions, such as freezing and thawing, 

exposure to seawater, or sulfates, the w/c ratio requirements may have to be adjusted. 

6.   Calculation of cement content:  

Once the water content and the w/c ratio are determined, the amount of cement per unit 

volume of the concrete is found by dividing the estimated water content by the w/c ratio. 

Weight of cement = Wt. water/w: c                                 
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However, minimum cement content is required to ensure good finish ability, workability, 

and strength. 

 7. Estimation of coarse aggregate content: 

 The percent of coarse aggregate to concrete for a given maximum size and 

fineness modulus is given by Table. 

 The value from the table multiplied by the dry-rodded unit weight (the oven-

dry (OD) weight of coarse aggregate required per cubic meter of concrete). 

 To convert from OD to saturated surface dry (SSD) weights, multiply by [1 + 

absorption capacity (AC)]. 

8. Estimation of fine aggregate content: 

 There are two standard methods to establish the fine aggregate content, the 

mass method and the volume method. We will use the "volume" method. 

 "Volume" Method -this method is the preferred method, as it is a somewhat 

more exact procedure. The volume of fine aggregates is found by subtracting 

the volume of cement, water, air, and coarse aggregate from the total concrete 

volume. 

9. Adjust for moisture content 

10. Trial batch    

         Absolute Volume Method (Metric)  

1. Conditions and Specifications. Concrete is required for Buildings slabs that will 

be exposed to normal condition and air entrainment is not required. A specified 

compressive strength (characteristic strength) of 25 MPa is required at 28 days 
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measured on standard cube of dimension 150m x 150mm x150mm. The standard 

deviation can be taken as 4MPa.  

The materials available are as follows: 

Cement: Type I – OPC Derba Cement with a specific gravity of 3.15 

Coarse aggregate: Well-graded, 25-mm nominal maximum size rounded with an oven 

dry specific gravity of 2.75, absorption capacity of 1.63% ,moisture content at SSD 

condition) 0.65%, and oven dry rodded bulk density (unit weight) of 1760 kg/m3. The 

laboratory sample for trial batching has a moisture content of 0%. 

Fine aggregate:  

Quarried river sand 

River sand with an oven dry specific gravity of 2.63 and absorption capacity of 5.04%. 

The laboratory sample moisture content is 3.9%.The fineness modulus is 2.83.  

1. Assuming 5% of results are allowed to fall below specified design strength, 

The mean strength, fm = fmin +ks 

fm= 25MPa + 4MPa *1.64 =31.56 MPa 

2. Slump: 30mm-100mm 

3.  Maximum size aggregate of 25 mm is required.  

4. Estimation of mixing water and air content: From table 3-8 

 Weight of water=195kg/m3 and air= 1.5% 

5. Water/cement ratio: From table 3-1 
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W: C= 0.62 

6. Calculation of cement content:  

7. Weight of cement   =  weight of water   = 195  =  315kg 

                                                   W: c               0.62 

8. Estimation of coarse aggregate content:  The quantity of 25-mm nominal 

maximum-size coarse aggregate can be estimated from table 3-11. The bulk volume of 

coarse aggregate recommended when using sand with a fineness modulus of 2.9 is 0.66. 

Since it has a bulk density of 1760 kg/m3, the oven dry mass of coarse aggregate for a 

cubic meter of concrete is 1650kg/m3 x 0.66 = 1122 kg/m3.  

9. Fine Aggregate Content: 

At this point, the amounts of all ingredients except the fine aggregate are known. In the 

absolute volume method, the volume of fine aggregate is determined by subtracting the 

absolute volumes of the known ingredients from 1 cubic meter. The absolute volume of 

the water, cement and coarse aggregate is calculated by dividing the known mass of each 

by the product of their specific gravity and the density of water. Volume computations 

are as follows: 

                         Water =                          195kg 

                                                             1 x 1000kg/m3               = 0.195 m3 

                       Cement =                       315 kg 

                                                              3.15 x 1000kg/m3         = 0.100 m3 
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                        Air =                            1.5 

                                                            100                                  = 0.015m3 

                     Coarse aggregate =          1122kg 

                                                          2.52 x 1000kg/m3               =   0.446m3 

 

Total volume of known ingredients                                         = 0.756 m3 

The calculated absolute volume of fine aggregate is then 1 – 0.742 = 0.244 m3 

The mass of dry fine aggregate is 0.244 x 2.83 x 1000kg/m3 = 691 kg 

 

Note: volume = m/ sp.gr*Pw 

                    Water =195 kg 

                     Cement =315 kg 

                     Coarse aggregate (dry) = 1122 kg 

                     Fine aggregate (dry) = 691 kg 
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                          APPENDIX-B: TEST RESULTS  
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