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ABSTRACT 

 
The potential of substituting Hintalo Wejerat Sandstone for regular river sand in the production 

of regular grade concrete is investigated in this study. The building industry of Ethiopia is 

expanding rapidly,, with the resultant increased demand for concrete. River sand has been the 

main fine aggregate: however, overexploitation has resulted in environmental degradation in the 

form of riverbank erosion and loss of habitat. The study examines particle size distribution, 

specific gravity, water absorption and strength of concrete that consists of Hintalo Wejerat 

sandstone and compares it with the properties of natural river sand. River sand substitution with 

different percentage of Hintalo Wejerat Sandstone was used to produce concrete mix, C-25.The 

workability of the fresh concrete was checked by slump tests, and the compressive and flexural 

strength of hardened concrete was checked at 7,14 and 28 days. 

Results indicate that Hintalo Wejerat Sandstone can be used successfully as a river sand 

substitute in the production of concrete with all replacement levels satisfying the compressive 

strength requirement. Although concrete mix containing 100% river sand was indicated to 

possess higher compressive strength, use of Hintalo Wejerat Sandstone also facilitated proper 

workability, and hence, its suitability towards sustainable construction. The flexural strength 

tests indicated that higher percentage of Hintalo Wejerat Sandstone had a positive influence on 

the bending strength of the concrete, demonstrating improved durability. 

In conclusion, this study recommends Hintalo Wejerat sandstone as a substitute to river sand in 

concrete production to construction sector's need for green operations. The study recommends 

the establishment of standard practices in Hintalo Wejerat sandstone quarrying and processing to 

further enhance its usefulness as a building material. Additional studies should also involve the 

long term strength of Hintalo Wejerat Sandstone concrete under different environmental 

conditions and its use performance in practice. 

Key Words: Hintalo wejerat Sandstone, River sand, Concrete, Compressive and flexural 

strength 
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Chapter One: Introduction 

 
1.1. Background of the Study 

 
Building industry in Ethiopia is spearheading growth, and country is currently one of the 

fastest-growing in Africa [1]. 

The most important projects in the industry include roads, bridges, buildings, and dams, all of 

which are important to the growth of the country [1]. Concrete is now more widely used than any 

other man-made material and is an essential component of construction[2]. Around 65%-70% of 

concrete making used an aggregate[3]. They are two types coarse and fine. Fine aggregate can be 

sourced from various quarries which produce coarse aggregate by crushing basaltic stone. Fine 

aggregate can also be traditionally gathered from river basins. Crushed basaltic stone converted 

into small pebbles can also produce it. “Concrete is a composite construction material and is 

primarily used worldwide, its quality depending greatly on the qualities of the constituents that 

comprise it” [4]. Concrete's mechanical properties are found based on the combined action of 

these materials, and aggregates contribute to a substantial percentage of overall volume. 

River sand has long been a traditional source of fine aggregate because it is readily available and 

usually possesses acceptable qualities for the building of concrete. However, the availability of 

this natural element is decreasing more recently as a result of extensive urbanization and costly 

transportation, which has increased costs and created environmental issues like habitat 

degradation and riverbank erosion. 

The construction industry is searching for a different source of fine aggregate to solve the rising 

demand for concrete and the declining cost of transporting aggregate. The Sandstone of Hintalo 

Wejerat is one such locally accessible source. Because this material is readily available and may 

be used as an alternative to river sand, people have started using it. The strength characteristics 

and general acceptability of Hintalo Wejerat Sandstone as affine aggregate for use in the 

formation of concrete are still not well understood in scientific research, despite its increasing 

use in building. By closely examining the mechanical and physical characteristics of Hintalo 

Wejerat Sandstone fine aggregate, this work seeks to fill this information gap. The study will 

assess the feasibility of the substitute material by contrasting the strength characteristics of 
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concrete created using Hintalo Wejerat sandstone with those made with regular river sand. To 

check if the Hintalo Hintalo Wejerat sandstone can successfully replace river sand without losing 

the performance and durability of concrete, core strength characteristics like compressive and 

flexural strength will be investigated. Finally, the study aims to encourage ecologically friendly 

building practices in the region and contribute to environmental conservation by lowering 

dependency on river sand resources. 
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1.2. Problem of the Statement 

 
Ethiopia's building industry faces significant challenges due to unsustainable exploitation of 

natural river sand and rising demand for concrete, especially in the Tigray region surrounding 

Mekelle city. Degradation of the environment, including erosion of riverbanks and the loss of 

regional ecosystems, has resulted from this dependence on river aggregate. As building 

construction activity is thriving, even river sand of good quality is increasingly becoming scarce 

and impacting the supply of concrete, driving prices upward. Alternate materials like Hintalo 

Wejerat sandstone are now in use, but adequate studies assessing their strength properties and 

applicability as a fine aggregate for making concrete are still not available in plenty. 

Although available, little actual evidence exists on the degree to which Hintalo Wejerat 

sandstone can meet the demands of normal grade strength concrete production. Such a lack of 

knowledge not only limits the awareness of its potential for sustainable construction practice but 

also discourages the effort for reducing environmental degradation caused by traditional sand 

mining. 

Accordingly, the exclusive features of Hintalo Wejerat sandstone fine aggregate affect concrete 

strength and durability, hence the present work attempts to examine its physical and mechanical 

properties and contrast its behavior in concrete with river sand. To provide sustainable future-

proof utilization of local material resources due to exponential infrastructure demands and 

promote environmentally sustainable alternatives within the construction industry, the problem 

must be explored. 
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1.3. Overall Objective of the Study 

 
1.3.1. General Goal of the Study 

 
The overall aim of the study is to explore and evaluate several strength properties of Hintalo 

Wejerat Sandstone fine aggregate as an environmentally friendly substitute for natural river sand 

in concrete production. 

1.3.2. Specific Study Objectives 

 

 To determine the physical properties of Hintalo Wejerat crushed Sandstone fine aggregates, 

like particle size distribution, specific gravity, and water absorption.

  To compare the workability of Hintalo Wejerat Sandstone concrete mixtures against river 

sand at plastic state.

 To observe the strength properties of concrete made with Hintalo Wejerat Sandstone against 

that made from conventional river sand at a hardening state.

  To provide recommendations in the field for the use of Hintalo Wejerat crushed Sandstone 

in concrete, its value addition to sustainable construction in the country.

1.4. Research Question 

 
1. What are the physical characteristics of Hintalo Wejerat crushed Sandstone sand? 

 

2. What is workability of concrete mixtures made with crushed Hintalo Wejerat Sandstone 

compared with mixtures made with river sand in the fresh condition? 

3. How does the strength characteristics of concrete produced with Hintalo Wejerat sandstone 

differ from those produced with natural river sand under the condition of hardening? 

4. What are the practical suggestions that can be provided for applying crushed Hintalo Wejerat 

crushed sandstone in concrete construction, and what are the potential advantages it offers for 

sustainable construction in the region? With Hintalo Wejerat sandstone compared to that 

produced with natural river sand in the hardening state? 
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1.5. Relevance of the Research 

 
This research is extremely high significance to a very large number of very significant fields like 

transport cost, environmental impact, and material availability. The degree of significance of this 

study is very high in the Mekelle construction industry, particularly in terms of transport cost in 

aggregate supply. Currently, river sand use is usually associated with high-cost, long-distance 

transportation and logistical problems, such that in studying Hintalo Wejerat Sandstone as an 

alternative for river sand, the study considered transportation costs involved in aggregate 

procurement. Local availability of sandstone can reduce transportation costs and distances 

significantly and thus ensure production of concrete to be economically viable for Tigray 

construction. 

The study is significant from the perspective of environmental sustainability, as it indicates the 

bad effects caused by sand mining on riverbeds, including erosion, habitat loss, and biodiversity 

depletion, the finding of which supports resource conservation and nature's preservation through 

encouraging the use of Hintalo Wejerat Sandstone. 

Further, as the demand for concrete continues to grow due to flourishing up urbanization and 

infrastructure development, substitute sources of fine aggregates are vital for sustainable supply. 

Studies on Hintalo Wejerat sandstone reduce not only lack of river sand but also provide an 

avenue material source diverging to further strengthen the building sector as a whole. 
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1.6. Scope of the Study 

 
The scope of this study mainly focuses on the evaluation of Hintalo Wejerat Sandstone sand 

aggregate as a substitute for river sand in the production of C-25 grade strength within the Tigray 

region of Ethiopia, particularly around Mekelle city. This research included physical properties 

of crushed Hintalo Wejerat stone sand such as particle distribution, specific gravity, and moisture 

content. It will primarily investigated the strength characteristics of C-25 concrete made With 

Hintalo Wejerat Sandstone compared to concrete made with conventional river sand, and 

analyzing compressive, and flexural strength. While the research will give valuable insights into 

the performance of Hintalo Wejerat Sandstone in concrete applications, it will not involve into 

aspects such as permeability and long-term durability consequences. By focusing on these 

parameters, the study aims to assess the direct continuity of Hintalo Wejerat Sandstone as a 

viable alternative to river sand in normal concrete production, addressing the critical issues of 

material existence and environmental sustainability in the region's construction industry. 
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Chapter Two: Literature Review 

2.1. General 2.1. 

 

Scholars have searched the substitution of river sand with different types of manmade or 

crushed sand. This part discusses a review of the literature and investigation related to concrete 

materials, sand aggregates, the influence of river sand on concrete production, the environmental 

and technical issues associated with river sand properties of both hardened and fresh concrete, 

and ultimately presents potential substitution to river sand with crushed sandstone. “Concrete is 

among the most commonly used construction materials worldwide” [5]. “Historically, river fine 

aggregate has served as the main fine aggregate in concrete production” [6]. However, the 

diminishing availability of river fine aggregate and the environmental impact of its extraction 

have prompted the search for alternative material. One successful option is crushed sandstone, 

especially Hintalo Wejerat sandstone, which is recognized as locally available material and 

potential effectiveness in concrete applications. 

2.2. Concrete Making Material 

 
“Concrete is a composite material that comprises several chief constituents which mix to create a 

long-lasting and strong construction material” [3]. The chief ingredients of concrete are Cement, 

water, fine aggregates (like sand), and coarse aggregates (like crushed stone or gravel). Portland 

cement is the binder which holds the aggregate particles collectively when it sets and hydrates. 

“Water is a key point because it initiates the chemical reaction with cement, leading to the setting 

and curing process” [7]. The choice of fine aggregates significantly affects the workability, 

strength, and durability of the concrete; river sand is most commonly used, but alternatives like 

crushed sandstone have come into prominence because of environmental concerns and resource 

depletion. The strength capacity of the concrete is from coarse aggregates; however, shape and 

size affect the capacity of concrete. Additional admixtures may also be included to modify some 

characteristics of the product, such as increasing workability, reducing water content, or curing 

time. Such materials are precisely balanced in mix designs to achieve some performance criteria 

so that the concrete can withstand target loads and environments. The characteristics and 

interactions of these components must be known in order to produce high-quality concrete 

capable of achieving the demands of modern construction methods. 
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2.2.1. Cement 

 
The key ingredient in concrete is cement, which, when moistened, bonds the particles to create 

the usable, hard, and monolithic whole. Portland cement in its different forms accounts for well 

over 95% of the cement used in concrete worldwide; the amounts and characteristics of the 

components that make up concrete determine its characteristics [8]. Since cement is the most 

active ingredient in concrete and typically costs the most per unit, choosing and using it correctly 

is crucial to getting the best possible balance of desired qualities for a given concrete mixture. 

2.2.2. Water 

 
Impurities in water can lead to surface discoloration, hinder the setting of cement, or negatively 

impact concrete strength, and water quality is therefore imperative. Whether water is suitable for 

mixing and curing operations should therefore be taken into consideration. “As some of the latter 

types may be innocuous or even desirable when used in mixing water, it is required to 

distinguish between mixing water action and aggressive water attack on hardened concrete” [3]. 

2.2.3. Aggregate 

 
“The concrete aggregates are critical ingredients that have a major role in indicating the 

durability, strength, and performance of the material” [9]. They are in two types: fine aggregates 

and coarse aggregate. Although particles in fine aggregations, typically containing sand, are 

small in size, those in coarse aggregations, such as crushed stone or gravel, are greater than 4.75 

mm. Due to the reason that fine aggregates have effects on cohesiveness and also workability of 

concrete, they are of extremely important nature. Filling spaces in between larger-sized particles, 

fine aggregates introduce a homogenous dense mix to the concrete. On the other hand, coarse 

particles provide the structural reinforcement to the concrete, which enhances its weight-carrying 

capacity and resistance to cracking. The shape, size, and purity of the particles have a profound 

influence on concrete. 

Concrete with an assortment of particle sizes and a well-graded aggregate is more durable and of 

a lower water-to-cement ratio. The choice of the aggregate is equally crucial in building, as it 

will determine the sound and heat conducting characteristics of the concrete. As a result of 

environmental reasons against the quarrying and removal of natural material, it is becoming 



9  

more significant to use responsibly sourced aggregates. Alternatives are being researched to 

minimize the environmental impact without lowering the performance standards, for instance, 

recycled concrete aggregates of crushed concrete. 

2.2.3.1. Physical Properties of Aggregate 

 

Aggregates constitute 60-75% of the concrete mixture, significantly influencing its overall 

properties. The physical characteristics of aggregates play a great role in determining the 

behavior of concrete as a whole [10] . A factor such as chemical composition, specific gravity, 

porosity, and thermal properties are comes from the original material used for aggregates [11] . 

In addition to that, the production process affects critical attributes like form, size, and surface 

roughness, which are vital for ensuring workability and establishing strong bonds between the 

aggregate and cement paste. Consequently, understanding the physical properties of aggregates 

and their formation is essential for producing high-quality concrete at minimal cost. 

A. Strength 

 

When determining the performance and durability of concrete, a critical parameter is 

undoubtedly the overall strength [12] . 

Compression strength in concrete, which contributes to the stability of a structure, depends on 

strong aggregate assets. A number of parameters influence the strength of the aggregate, such as 

its size, shape, and mineral composition, but also on the type of material. 

Heavy, interlocking crystal jambs like granite and basalt are renowned for their extreme strength. 

On the other hand, weaker rocks such as limestone and chalk can have lower strength values, 

influencing negatively on the performance of concrete. Finally, structure, texture, and 

composition of an aggregate are accomplices for its strength: weak grains or badly linked strong 

grains lead to a decrease in overall strength. 

B. Particle Shape and Texture 

 

The attributes of both fresh and cured concrete depend heavily on the aggregates external 

characteristics, particularly the form and surface roughness of the particles [13]. The aggregate 

particles for regular concrete should ideally be nearly equidimensional with reasonably smooth 
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surfaces, like the majority of natural sands and gravels, in order to reduce the amount of cement 

paste needed to give appropriate workability of the fresh concrete. Crushed stone can utilize in 

places where natural sands and gravels are not accessible. 

The surface of crushed stone is usually rougher and more angular in shape. Because of this, it 

usually needs a lot more cement paste to be workable. Whether utilizing natural gravels or 

crushed stone, however, either flat or elongated particles should be avoided, as they will 

contribute workability and finishing problems. 

The elongation and flakiness tests useful for assessing aggregate overall; however, they are not 

very good at characterizing the shape of the particles[14]. Although there are no established 

restrictions, it is generally undesirable to river elongated particles that make up more than 10 to 

15% of the mass of coarse aggregate [3]. 

The amount of water required to produce the mix with the required aggregate needs is 

significantly influenced by the texture and form of the fine aggregate. The influence on the water 

requirement is quite clear if the packing of fine aggregate, or the ratio of voids in a loose state, is 

used to indirectly describe these characteristics. In coarse aggregate, the influence of the voids is 

not so clear. The shape and flakiness of the coarse particles have a very marked influence on the 

workability of concrete [3]. 

C. Grading of Fine and Coarse Aggregate 

 

The distribution of grading of aggregate sizes is a crucial component of the concrete mix design 

[15]. Given the sectional dimensions of the concrete structural member and the spacing of the 

reinforcements, it is generally recommended to use the greatest size of aggregate. 

The maximum size and grading are important because they affect [16]: 

 

 The proportional volume that aggregate occupies in the production of concrete determines 

the economy. 

 The aggregate's surface area determines how much water is needed to wet all the solids. 

 The workability of the mixtures 

 The tendency of segregation 

 The porosity and shrinkage 
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“Coarse aggregate typically has a maximum size of 19 or 25 mm, although occasionally an 

intermediate-sized aggregate, about 9.5 mm, is used to improve the overall aggregate gradation” 

[17]. “Fine aggregate ( sand and/or crushed stone) are less than 4.75 mm in size” [18].They 

could be crushed stone made by crushing stones or natural sand left by rivers [3]. 

D. Bonding 

“The bond between aggregate and cement paste is a significant aspect in the strength of concrete, 

however, the nature of bond is not entirely understood” [19]. A rougher surface, such as that of 

crushed particles, results in a better binding due to mechanical interlocking. 

Other physical and chemical characteristics of the aggregate, including as its chemical and 

mineralogical makeup and the electrostatic state of the particle surface, also have an impact on 

the bond. In any event, a clean aggregate surface free of adhering clay particles is essential for a 

successful connection to form[3]. 

“The determination of the quality of bond of aggregate is difficult and no accepted tests exist” 

[20]. 

In addition to the more common aggregate particles torn out of their sockets, a crushed specimen 

of average strength concrete should typically have some aggregate particles broken clear through 

when the bond is strong. 

2.2.3.2. Characteristics of Fine Aggregate 

 

The presence of fine aggregate in the concrete mixture has a significant impact and gives 

concrete a technical advantage over cement paste alone, such as higher volume stability. 

Therefore, before using fine aggregate as a material for concrete, it is important to determine 

whether the fine aggregates are suitable for the intended use and to conduct laboratory and on-

site tests. Some of the characteristics will be discussed below: 

A. Specific Gravity & Water Absorption 

 

According to ASTM C 128-97, the specific gravity is expressed in terms of bulk specific gravity 

or apparent specific gravity (also known as saturated surface dry, or SSD). Fine aggregate is 
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employed as a reference for bulk specific gravity (SSD) and absorption after 24+4 hours 

immersion in water. 

B. Sieve Analysis 

 

According to [21], “It’s a fundamental procedure in geology and engineering to determine the 

particle size distribution, or "grading," of a granular material by mechanically separating it into 

various size fractions using a series of sieves with progressively smaller openings”. Since the 

same amount of cement paste must be used to fill the void in a concrete mixture, the grading 

establishes the amount of paste needed for workable concrete [22]. Using sieve analysis, a 

grading curve for aggregate will be the grading requirements for fine aggregate, as stated by 

ASTM, BS882, and ES C.D3.201, are compiled in table 2.1. 

Table2. 1. BS and ASTM grading requirement 

 

 

Sieve size 

(mm) 

Percentage of passing% 

BS882:1973 ASTM 

(C33-78) Grading zone 1 Grading zone2 Grading zone3 Grading zone4 

9.5mm 100 100 100 100 100 

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

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

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

600μm 15-34 35-59 60-79 80-100 25-60 

300μm 5-20 8-30 12-40 15-20 10-30 

150μm 0-10 0-10 0-10 0-15 2-10 

 

 

C. Fineness Modulus 

 

The fineness modulus is calculated by dividing the total percentage of material retained on the 

standard series sieves by 100 [3]. 

The sieves (No. 4, 8, 16, 30, 50, and 100) that are mentioned are 9.5 mm, 4.75 mm, 2.36 mm, 

1.18 mm, 600 μm, 300 μm, and 150 μm. The 150 μm (No. 100) sieve is the lowest of the 
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designated series of sieves, and the actual size of the apertures in each larger sieve is double that 

of the sieve below. The FM increases with the coarseness of the aggregate size. According to 

ASTM C 33, the FM for fine aggregate used in concrete typically falls between 2.3 and 3.1 [23]. 

It serves as a measurement for aggregate homogeneity, coarseness, and fineness. These 

aggregate characteristics have a major impact on the concrete's properties, but they are not a 

grading indicator because there might be an endless number of grading schemes that result in a 

particular fineness modulus. The following restriction can be used as a guide. 

 Fine sand: F.M. 2.2 - 2.6 

 

 Medium Sand: F.M. 2.6 - 2.9 

 Coarse Sand: F.M. 2.9 - 3.2 

It will not be possible to make good concrete with sand that has a fineness modulus more than 

3.2. Nonetheless, it is evident that a single parameter, the average, cannot accurately depict a 

distribution; as a result, an endless number of completely distinct size distributions or grading 

curves can be represented by the same fineness modulus. So that, fineness modulus cannot be 

used to detect slight variations in the aggregate from the same source which could affect the 

workability of the fresh concrete. 

D. Bulk Density 

 

Bulk density is also known as unit weight, or the weight of a specific volume of graded 

aggregate. By taking into consideration the solid aggregate particles as well as the interstitial 

spaces, the volume that the graded aggregate will occupy in concrete may be accurately 

calculated. Simply fill a specified capacity container and weigh it to determine the unit weight. 

However, the amount of space that remains empty will depend on how long the vibration or 

tamping continues. The moisture content of the aggregate must remain constant because it affects 

its weight. This test employed an aggregate sample that was oven-dried [24]. 

The typical aggregate used in normal-weight concrete has a relative bulk density (unit weight) of 

between 1200 and 1750 kg/m3 (75 and 110 lb/ft3)) [25]. 

The aggregate's packing density, and thus the size distribution and particle shape, determine the 
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bulk density. Therefore, the degree of compaction must be set for optimal results [26]. 

 

E. Silt Content 

 

Silt is defined as a material in tiny aggregates that are less than 75 μm. The amount of silt in the 

concrete sand has causes its strength to decrease. “According to the Ethiopian Standard, it is 

recommended to wash the sand or reject if the silt content exceeds a value of6%” [27]. 

F. Moisture Content 

 

The moisture content must be taken into account when calculating batch quantities and the mixes 

over all water requirements because aggregates exposed to rain pick up significant amounts of 

moisture on their surface and retain it for a long time, with the exception of the stockpiles surface 

[3]. 

It is considered that the aggregates in concrete are inert substances. However, by releasing water 

into the mix (wet aggregates) or absorbing it (dry aggregates), the majority of aggregates fail to 

meet this premise. This aggregate feature causes a change in the mix's design water to cement 

ratio. 

Determining the aggregates moisture content and absorption capacity is therefore crucial. The 

moisture content of fine aggregates was calculated by oven drying a 500g sample of fine 

aggregate at 110
0
 C for 24 hours and dividing the weight change by the oven dry weight. 

2.3. Environmental Effect of River Sand 

 
2.3.1. General 

 
The environmental impacts of natural river sand mining can be broadly categorized as follows: 

“The cumulative effects of unmanaged sand mining have significantly changed the physical and 

social environment” [28].These may include, 

 Reduction of farm and grazing land 

 Landscape destruction 

 Deforestation 

 Water pollution 



15  

2.3.2. The Need River Sand Replacement 

 
For any building sector, cement, sand, and aggregate are essential components. Sand is a key 

component that is required to prepare concrete and mortar and is crucial to mix design. “River 

sand is in short supply these days due to river erosion and environmental concerns” [29]. “It is 

required to identify a new alternative material to replace river sand to prevent too much river 

erosion and environmental damage because the construction industry will be impacted by its 

shortage” [30]. 

According to the United Nations Environmental Programme (UNEP), which lists water, sand, 

and gravel as the most frequently used raw materials worldwide, river sand is the second most 

used natural resource after fresh water. River sand's natural renewal rates are greatly exceeded by 

the demand for it in building. States should look into alternatives to river sand, according to the 

2018 sand mining framework, particularly to re address the mismatch between supply and 

demand. In addition to potentially lowering costs, offering [31]. 

2.4. Crushed (manufactured) Sand 

 
Researchers have confirmed that crushed sand, in comparison to natural sand, can make concrete 

acquire the same or higher compressive, tensile, and flexural strength. Because manufactured 

sand improves particle bonding and interlocking, concrete mixtures containing it tend to show 

notable improvement in compressive and tensile strength. Furthermore, in various applications, 

produced sands can improve flexural strength. Particularly where the natural sand is limited or 

severely controlled, the manufactured sand might be more cost-effective and consequently a 

better and viable substitute for natural sand used for construction purposes [32]. The findings 

reached are as indicated below: 

 Synthetic sands, unlike natural sands, are capable of producing the compressive strength of 

concrete mixes that are equivalent to or more. 

 Because of their enhanced bonding and particle interlocking strengths, manufactured sands 

increase the tensile strength of concrete. 

  In concrete, factory-produced sands tend to provide more flexural strength; some mixes are 

even superior to those that can be made using natural sand. 
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  It is more economical from a financial point of view, especially where natural sand is limited 

or illegal. 

 Providing artificial sand could make natural sand less relied on, which would be cost- 

effective and lead to the preservation of resources. 

 

2.4.1. Waste Foundry Sand 

 
Manufactured sands can accomplish similar or better results. It is preferable to replace up to 15% 

of the sand with waste foundry sand because it has no negative effects on the concrete's strength 

characteristics. When the percentage of WFS increases and as concrete ages, there is a noticeable 

rise in concrete shrinkage. Very high shrinkage was observed in mixtures that contained more 

than 30% leftover foundry sand. Based on the results, it can be said that concrete with up to 15% 

leftover foundry sand can be used effectively for structural purposes. Concrete pavements are 

one example of a non-structural use where higher replacements can be tested [33]. 

2.4.2. Granite Powder 

 
Granite fines are a result of cutting large granite rocks into the appropriate shapes in granite 

industries [34]. When granite fines are used as an additive to concrete, they fill up the pores and 

boost the concrete's strength. This material is also often used to stud the strength behavior of 

concrete [35]. Some of granite powder characteristics are as follows: 

 The particle size of granite powder varies based on the processing method, although it usually 

has a fine texture. In general, it is inert and has a high specific gravity. 

  The main minerals it includes are silica (SiO₂), iron oxide (FeO₃), alumina (AlO₃), and trace 

amounts of other minerals. 

2.4.3. Stone Powder 

 
According to the study [36], it might be concluded that 

 

 Compressive and flexural strength of concrete is improved on partial replacement of stone 

dust with fine particles, and it becomes an appropriate option for various applications. 

 The concrete mixes with stone dust are more workable, and handling and placement during 

construction are easier. 
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 Natural sand, being more expensive and in shorter supply, can be replaced by stone dust to 

save material costs. 

Stone dust blends may have lower shrinkage rates than cement mixes made up of pure natural 

sand and thus may add years to the life of a structure and reduce cracking. 

2.4.4. Quartzite Sand 

 
Quartzite is a hard, metamorphic rock composed primarily of quartz grains and thus a durable 

and highly desired material for use in many aspects of construction. 

“Quartzite sand is a synthetic fine aggregate acquired from the treatment and crushing of 

quartzite stone” [37]. 

According to research, it is evident that: 

 

 Introduction of quartzite sand in concrete mixtures increases compressive and tensile strength 

considerably, making it an appropriate alternative to regular fine aggregates. 

 While mixing and placing, concrete with quartzite sand is more workable and consistent; 

therefore, it is easy to use at construction sites. 

  Owing to its durability to weather and chemical degradation, the quartzite sand extends the 

durability of concrete, especially in applications that experience intense weather conditions. 

  Using quartzite sand to reduce reliance on natural sand resources will conserve resources 

and reduce the environmental impacts, which will benefit sustainable building practices. 

2.5. Sandstone 

2.5.1. Introduction 

 
Sandstone is a classic-origin sedimentary rock made up primarily of sand-sized (0.0625 to 2 mm) 

mineral particles or rock pieces, as opposed to organic rocks like chalk or coal [38]. The most 

prevalent minerals in the earth's crust are quartz and feldspar, which make up the majority of 

sandstone, which can have any color. The colors white, grey, red, yellow, and tan are the most 

prevalent. Sandstone beds frequently generate prominent cliffs and other geographical features; 

therefore, certain sandstone colors can be strongly associated with specific regions [39]. 
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The suitability of crushed stone sand for various applications is predicated upon the chemical 

makeup of the material. Crushed sandstone material consists of quartz and feldspar with the 

following characteristics: 

 Silica content: its stability and resistance to chemical weathering are also thanks to high silica 

content. 

 Impurities: Clay or organic impurities can influence the permeability of crushed sandstone. 

Heavy washing and grading to improve quality have been suggested by research 

2.5.2. Sandstone in Ethiopia 

 
Notable sandstone formations in Ethiopia include the Adigrat and Enticho Sandstones. The latter 

is a significant Mesozoic unit in northern and central Ethiopia, distinguished by its thick cross-

bedded sandstone sequences. 

A. Addigrat Sandstone 

 

“At 700 meters thick, the Addigrat Sandstone formation is the oldest of the Mesozoic 

sedimentary succession in the Mekelle outlier” [40]. It is mainly made up of medium-grained 

sandstone with a range of colors from yellowish to red and pink. It has different units, such as 

fine- to medium-grained interbedded sandstone, cross-bedded coarse-grained sandstone with 

ferruginous lenses, and poorly sorted ferruginous sandstone with quartz pebbles and wood 

fragments. It is well-sorted, well-rounded, and ripple-marked. 

While the upper portion of the formation is usually white, extremely friable, and well-sorted, the 

lower portion is soft and friable and exhibits variegated colors and some clay. The bottom and 

middle parts contain Paleosols with a high clay percentage and characteristics like rootlets and 

slickensides. The lower boundary may be Triassic in age, suggesting that the formation was 

deposited in an intermountain basin or piedmont. The boundaries of the formation are probably 

diachronous [41]. 
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B. Hintalo Wejerat Sandstone 

 

One of the Ethiopian districts in the Tigray area is Hintalo Wajirat. “It is called for the Wajirat 

Mountains and Hintalo, its main town Situated in the eastern border of the Ethiopian highlands in 

the southern eastern zone” [42].Hintalo Wajirat is bordered to the south by the southern zone, to 

the west by Samre to the north by Enderta, and to the east by the Afar region[42]. Hintalo 

Wejerat is located at ~40km south of mekelle city and dolerite and sandstone are the dominant 

geological formation[43]. 

The region of Hintalo Wejerat is known for its abundant supply of sandstone, which is found in 

many different places. The Amba Aradom, May Derhu, Geragam, and Mekiden Dawit 

sandstones are notable examples. Known for its upper sandstone layers, the Amba Aradom 

formation is a prominent Cretaceous sandstone formation in Ethiopia that can reach thicknesses 

of up to 200 meters. These sandstone formations are abundant because of the region's distinct 

geological past, which has encouraged the gradual buildup and preservation of sedimentary 

elements. Fluviatile sandstone and shale make up the majority of the sedimentary rocks in the 

Amba-Aradam Formation. These rocks are colored purple, violet, white, red, and yellow, and 

they comprise compact, coarse-grained sandstone mixed with quartz conglomerate lenses that 

contain a calcite binding agent [41]. The strength properties of concrete made with Sandstone is 

affected by the amount of silica content in sandstone. Hence, according the Ethiopian geological 

survey bellow in table2.2, crushed hintalo wejerat sandstone has shown high silica content. 
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Table2. 2.Chemical composition of crushed hintalo wejerat sandstone from Appendix C 
 

 

Constituent Oxide composition of the chemical composition 

Silica SiO2 94.36% 

Alumina Al2O3 1.84% 

Iron(III) oxide Fe2O3 0.94% 

Calcium oxide CaO <0.01 

Magnesium oxide MgO <0.01 

Sodium oxide Na2O <0.01 

Potassium oxide K2O <0.01 

Manganese (II) oxide MnO 0.04 

Phosphorus pentoxide P2O5 0.70 

Titanium dioxide TiO2 0.22 

Water (or Hydration) H2O 0.22 

 

 

2.5.3. Concrete Performance Studies 

 
Several study the performance of concrete incorporating crushed sandstone as an alternative to 

river sand: 

[44] Investigated the potential for sandstone to replace river sand in his thesis, “A study on high-

performance concrete using sandstone aggregate,” in Malaysia. His investigation leads him to the 

conclusion that concrete can be made from locally accessible sandstone aggregate. 

Sandstone cutting waste as partial replacement of fine aggregates in concrete was studied based 

on A mechanical strength perspective [45].According to the results of the research, the 

mechanical characteristics of concrete are greatly improved by incorporating sandstone cutting 

waste in partial replacement of certain natural river sand. In particular, at a w/c ratio of 0.35, 

compressive strength had significant improvements up to 10% replacement, while at higher 

ratios of 0.40 and 0.45, strengths kept increasing with up to 30% replacement. 
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The inclusion of sandstone cutting waste significantly improved flexural strength, with ideal 

strength values noted at replacement levels of 25–30% for w/c ratios of 0.40 and 0.45. These 

results demonstrate that sandstone cutting waste can successfully increase compressive and 

flexural strengths, confirming its potential as a sustainable substitute fine aggregate in the 

manufacturing of concrete. 

In the "Experimental Investigation of Partially Replaced Fine Aggregate with Sandstone Powder 

in Concrete" study concluded that replacement of river sand by sandstone powder up to 50% is 

effective without compromising the strength and workability of the concrete. Particularly, 50% 

replacement of river sand by sandstone powder resulted in 11.91% greater compressive strength 

and 47.06% greater tensile strength compared to conventional concrete. Powder of sandstone 

also showed improvement in flexural strength, and hence it is a promising replacement material 

[46]. 

“Suitability of Ambo Sandstone Fine Aggregate as an Alternative River Sand Replacement in 

Normal Concrete Production” was studied [1].The study says that river sand can effectively be 

substituted by Ambo Sandstone Fine Aggregate when producing concrete. Although the original 

silt concentration was higher than permissible, washing lowered it to 5.3%, and hence ASFA was 

usable. The fineness moduli of the two quarry samples were also within tolerable limits, and 

therefore they were properly graded. The C-25 grade criterion was met by compressive strengths 

of 16.61 Mpa, 19.62 Mpa, and 25.60 Mpa at 7, 14, and 28 days, respectively. Its attractiveness as 

a sustainable building material was further enhanced by the fact that ASFA turned out to be 

substantially less expensive than river sand. 

“Use of Crushed Sandstone near Adigrat as a Substitution Material for Sand” was investigated 

[47]. The study compared the performance of utilizing crushed sandstone near Adigrat as a 

substitute for construction sand in the manufacturing of hollow concrete blocks. The highest 

compressive strength and highest density were observed in white sandstone blocks to serve 

Ethiopia's load-bearing demands. All the sandstone blocks met the requirements for applications 

that were at least non-load-bearing. As the study comes to a conclusion, river sand can be 

effectively replaced by crushed sandstone, presenting a viable alternative to overcome sand 

shortages and minimize waste. Some of the suggestions include maintaining the fine content 
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within acceptable boundaries and assessing the feasibility of producing sand from sandstone for 

commercial purposes. 

The thesis of fitsum Reda discusses the use of idaga hamus crushed sandstone (css) as river sand 

(RS) alternative for reinforced concrete and hollow concrete block (HCB) production. The 

following are the key findings: 

 Strength improvement: the findings demonstrated that CSS can replace RS to a great degree, 

which leads to improved compressive strength and flexural strength of concrete. Optimum 

compressive strength was observed at 100% replacement with CSS, where an increase of 

15.49% with respect to normal concrete was observed. 

 Physical characteristics: CSS had better grade quality and less clay and silt content than RS. 

Specifically, CSS had 5.2% silt, which was within the permissible limit as per Ethiopian 

standard. 
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Chapter Three: Material Used and Methods 

3.1. Sample Location 

 
“Hintalo Wejerat has a rugged terrain, and its altitude ranges from 2000 to 2600 meters above 

sea level” (Abay & Hirvonen, 2016).The sample of Crushed Hintalo Wejerat Sandstone was 

taken from Hintalo Wejerat Mountains which is located at 40 km south of Mekelle city, and the 

experiment was conducted at Mekelle institute of Technology University material Laboratory. 

3.2. Data Collection 

 
Information from primary and secondary sources was used. During the literature review, 

secondary data was gathered from various journals, books and websites, and primary data 

sources were used to document the results of each laboratory test. 

3.3. Material for Experimental works 

 
3.3.1. Cement: Grade 42.5 KN is assigned to Messobo Ordinary Portland Cement, which is 

made in Mekelle. This grade of cement is appropriate for a range of construction uses, such as 

high-rise structures, foundations, and structural work. The cement is widely utilized in Ethiopia's 

building industry and is renowned for its high quality, especially in the northern regions where it 

is manufactured. 

3.3.2. Crushed Hintalo Wejerat Sandstone: by sieving 4.75mm maximum nominal size 

that was produced using Hintalo Wejerat Sandstone that was taken from the Geriegam quarry 

site. 

3.3.3. Natural Coarse Aggregate: “Debrie” crushed stone, which is a 19mm maximum 

nominal size that was commonly available in (from a nearby village to the Mekelle city site). 

3.3.4. River Sand: - “Gelebeda” sand which was commonly transported from Temben to 

Mekelle city. 

3.3.5. Water: - Drinkable water (potable water) obtained from mekelle institute of technology 

University material Laboratory water supply. 
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3.4. Mix Proportions 

 
Mix proportion is done according to ACI method to examine the impact of crushed Hintalo 

Wejerat Sandstone and combination with natural fine aggregate (river sand) at various 

replacement levels on the properties of concrete. Mixes were prepared with a characteristic 

strength of normal strength (C-25) were created to meet target mean strength of 33.6 Mpa after 

28 curing day. 

3.4.1. Concrete Mix Design 

 

The ACI method of mix design was used to create the mix proportions in this investigation. 

Based on this, five different mix-proportion types were created using the replacement levels of 

crushed Hintalo Wejerat Sandstone, which are as follows: 0%CSS, 25%CSS, 50%CSS, 

75%CSS, 100%CSS.Nine cubes and six flexural beams were to be cast for each batch of 

concrete produced in order to allow for seven, fourteen, and twenty-eight days of testing for 

compressive strength and seven and twenty-eight days of testing for flexural strength after a 

decision was made. This resulted in the manufacture of thirty flexural beam specimens and forty-

five concrete cube specimens. To make sure that any variations in the properties of the concrete 

were due to the crushed Hintalo Wejerat Sandstone and not due to any other external influences, 

the same water-to- cement ratio was utilized for every mix.Table4.4 below provides an overview 

of the mix proportions for 1m
3
 of concrete mixes from Appendix. 
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Table3. 1. Summarized mix proportions. 

 

Replacement level of crushed 

sandstone 

Cement type W/C Wa 

ratio 

ter 

(kg) 

ment 

(kg) 

F.A 

(kg) 

C.A (kg) 

0%CSS Messobo 
OPC 

0.49 202.96 418.37 726.13 999.09 

25%CSS Messobo 

OPC 

0.49 204.04 418.37 708.01 1003.73 

50%CSS Messobo 

OPC 

0.49 204.25 418.37 702.87 1014.69 

75%CSS Messobo 

OPC 

0.49 202.92 418.37 698.45 1022.51 

100%CSS Messobo 

OPC 

0.49 201.639 418.37 691.89 
1030.31 

 

3.4.2. Preparation of Specimens and Mixing Procedures 

 

Throughout the mixing procedure, Messobo Cement was utilized, and graded aggregate that 

meet Ethiopian standards ES142 and ASTM C33 specifications was also employed to prepare 

the samples mixes. 

The component materials were prepared using weight measurement. Following the determination 

of the proportions of materials to be utilized for the specimens, mixer was used to mix the 

aggregates and cement dry for one minute. After adding water, the mixture was swirled for a 

further two minutes. The workability of the concrete is next assessed right after mixing by 

pouring three levels into a conventional slump cone and rodding each layer 25 times in 

accordance with ASTM C143. The specimens were then placed on a level and firm surface of the 

molds that had been made, and they were well compacted in three layers using a tamping rode. 

Each layer was rodded 25 times; and trowel is used to polish the top surface following 

compaction. 

For the first twenty- four hours, the concrete mixture was poured into the molds. The concrete 

was then taken out of the molds and allowed to cure in a water bath set at 23 ± 1
0
C until it 

reached the testing age. Following 7, 14, and 28 days of curing, the concrete cubes and flexural 
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beam specimens were taken out of the water bath and placed on a dry surface until they were 

surface dried. In the end, the specimens were examined using universal testing equipment for 

flexural beams and a conventional compression testing machine for cubes. 

3.5. Procedures for Laboratory Experimental Works 

 
The procedures used for the laboratory experimental works are illustrated using photos in stage 

by stage manner. 

Stage 1:- Sample preparation 

 

Sample preparation involved the collection of various aggregates from specific locations. 

Sandstone was sourced from the wejerat region, particularly from The Geragam quarry 

site, known for its high-quality materials. Coarse aggregate was obtained from debrie 

near mekelle. River sand was collected from Gelebeda Temben and ordinary Portland 

cement from Messobo. Figure 3.1 illustrated that the source of Crushed sand stone used 

for sample preparation. 

 

 

 

Figure3. 1. Hintalo Wejerat ( Geragam) Crushed Sandstone 
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Stage2: Laboratory tests on the property of aggregates 

 

Tests conducted on both coarse and fine aggregates according to ASTM C136-96a and ES2000-

2004 .First, the measurement of silt content is performed to assess the presence of fine particles 

that could negatively impact the performance of concrete. Next, data recording of material 

weight is crucial for accurate calculations in further analyses. Sieve analysis follows, which 

determines the particle size distribution and ensures the aggregates meet required grading 

specifications. Additionally, specific gravity and water absorption tests are conducted to evaluate 

the density and porosity of the aggregates, essential for informed mix design. The unit weight is 

measured to estimate the overall density of the concrete mix, while assessing moisture content is 

important for maintaining the proper water – to – cement ratio during mixing. The above idea is 

illustrated further by the pictures below in figures 3.2 to 3.7. 

 

 

 

 

 
Figure3. 2. Measuring silt content 

 

 

 

Figure3. 3.Data recording material weight 
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Figure3. 4.Sieving for graduation 

 
 

 

Figure3. 5.Specific gravity for C.A 

 

 

 

 

 

 
Figure3. 6.Specific gravity for F.A 

 

 

 

 

 

 

Figure3. 7.Unit weight 
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Stage 3: Concrete mix design, mixing and specimen preparation of concrete 

 

According to the ACI methods C-25 concrete mix design prepared for each aggregate 

replacement ratio to meet the 33.6 MPa target mean strength after a 28-day curing period. Nine 

samples of concrete cubes and six flexural beams were cast for each replacement percent of 

crushed Hintalo Wejerat Sandstone fine aggregate, in which forty-five cube and thirty flexural 

beam samples were cast by using 150mm*150mm*150mm cubes and 100mm*100mm*500mm 

flexural beams, for a total of 75 specimens cast. To prepare concrete sample specimens for 

beams and cubes, the process begins with mixing ingredients, which includes accurately 

measuring and combining cement, aggregates, and water to achieve the desired consistency. 

After mixing, the workability is assessed by measuring the slump test to ensure it meets the 

specified requirements. The concrete is then poured into molds for casting the beam and cube 

specimens. Each specimen is carefully coded to facilitate proper identification during subsequent 

testing. Once the concrete has adequately set, the specimens are demolded, revealing their 

defined shapes. Following demolding, the samples undergo a curing process, crucial for 

developing strength and durability, as it allows the concrete to hydrate fully and reach its 

intended properties over time. The procedure is properly illustrated in the figures 3.8, 3.9, 3.10, 

3.11, as well as in Appendix D, which depict the various stages of specimen preparation for 

concrete strength testing. 
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Figure3. 8.Casting specimen 

 

 

Figure3. 9.Coding specimen 

 

 

 
Figure3. 10. De-molding 

 

 

 
Figure3. 11.Curing 
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Stage4: Compressive and flexural strength test 

 

In case of compressive strength test, compressive testing machine was used after the concrete 

cube samples had been cured for 7, 14, and 28 days. Additionally, a universal testing machine 

was used to perform the flexural strength test after the concrete flexural beam samples had been 

cured for seven and twenty-eight days. Bellow figure3.12 and 3.13 describe the process of 

strength testing specimen. 

 

 

 

 

 
Figure3. 12.Compressive strength test 

 

 

Figure3. 13. Flexural strength test 
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Chapter Four: Results and Discussion 

 
4.1. Physical Properties of Coarse Aggregate 

 
The coarse aggregate included in the experimental mixes featured a maximum diameter of 37 

mm and was used over all concrete mix designs. The test findings are presented in Table 4.1, 

with an overview of gradations illustrated in figure 4.1. 

Table4. 1. Summarized test results for C.A from appendix (A) 

 

tem no. Description Test results 

 

1 

Maximum aggregate size (mm) Max. 37.5 

Nominal 19 

 

2 
 

Specific gravity 

Bulk 2.69 

Bulk (SSD) 2.70 

Apparent 2.71 

 

3 
 

Unit weight (kg/m
3
) 

Loose 1343.56 

Compacted 1556.56 

4 Absorption capacity 0.23% 

5 Moisture content 0.29% 

6 Shape Angular 

7 Texture Rough 
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Figure4. 1.Graduation Curve (C.A) 

The assessment of the physical characteristics of coarse aggregate was conducted following ASTM C136-

96a (Standard Test Method for Sieve Analysis of Fine and C.A), which confirm the established criteria. 

4.2. Physical Properties of River Sand 

 

A range of tests was performed on the materials to formulate and produce a concrete mix. Tests 

included sieve analysis, bulk and dry density measurements, moisture content assessment, 

absorption capacity evaluation, unit weight determination, and chemical analysis such as silicate 

examination. All experiments’ on aggregates met to Ethiopian standards and complied with 

ASTM specifications. The results from these tests across with the gradation curve are presented 

in table 4.2 and Fig 4.2 below. 
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Table4. 2. Generalized test findings of F.A 

 

 

no. 

 

Description 

Test findings (With Different Replacement Levels) 

0%CSS 25%CSS 50%CSS 75%CSS 100%CSS 

 

1 
 

Specific gravity 

Bulk 2.65 2.61 2.63 2.64 2.64 

Bulk (SSD) 2.66 2.64 2.66 2.65 2.65 

Apparent 2.70 2.66 2.70 2.68 2.67 

 

2 

Unit Weight (kg/m
3
) Loose 1629.00 1607.33 1607.33 1603.67 1475.54 

Compacted 1755.00 1751.67 1719.6 1685.44 1609.78 

3 Absorption capacity 0.54% 0.42% 0.8% 0.51% 0.4% 

4 Moisture content 0.74% 0.47% 0.47% 0.6% 0.8% 

5 Silt content 2.41% 3.6% 4.42% 5.2% 5.8% 

6 Fineness modulus 2.60 2.57 2.50 2.45 2.4 

 

 

Based on, ASTM standards (C33-78), the gradation results for the initial sand sample fall outside 

the acceptable limits for the 150μm and 600μm sieves. Figure4.2 illustrates both the grading 

requirements for F.A as per ASTM standards (C33-78) and the particle size distribution of 

aggregates utilized in this experiment. Additionally, Appendix "A" contains details on each 

replacement level of fine aggregate gradations along with their respective curves. 
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Table4. 3. Summary of cumulative passing percentage for F.A 

 

 

sieve size 
 

min(ASTM) 
 

0% CSS 
 

25%CSS 
 

50%CSS 
 

75%CSS 
 

100% CSS 
 

max(ASTM) 

9.5 100 100 100 100 100 100 100 

4.75 95 95.35 95.9 95.5 95.35 95.45 100 

2.36 80 89.05 88.15 89.05 88.6 88.25 100 

1.18 50 81.15 80.9 82.25 82 81.05 85 

0.6 25 58.65 58.9 61.9 64.75 65.6 60 

0.3 10 14.1 16.4 20.75 22.35 28.7 30 

0.15 2 1.3 2 2.9 3.25 4.1 10 

 

 

Figure4. 2. Summary of cumulative passing of F.A 
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4.3. Hintalo Wejerat Sandstone Sand 

 
4.3.1. Sieve Analysis 

 

Aggregate sieve analyses were conducted in accordance with ASTM. Sieve analysis results 

indicate that crushed Hintalo Wejerat sandstone has a higher concentration of fine components 

than natural sand. Hintalo wejerat sandstone and natural sand have varying grades, necessitating 

variable aggregate combining. ASTM C33-03 states that the fine aggregate’s fines modulus must 

not be less than 2.3 and not be less than 45% to pass through any sieve and be kept on 

subsequent sieves Greater than 3.1. According to ASTM C33, all the sieve analysis results 

except sieve number 150 and 600 μm meet the grading requirement of ASTM standards (C33-

78). The fines modulus falls within the range according to ASTM. The material is therefore 

standardized for the mix in this study. All the sieve analysis findings of each aggregate samples 

utilized in the concrete mix shown in Appendix. 

4.3.2. Silt Content 

 

It was discovered that the initial sample had a silt percentage of 12.6%, which was higher than 

permitted. According to the Ethiopian standard, sand with a silt percentage of more than 6% 

should be washed or rejected. As a result, washing was required to lower the silt content. 

Following the process, the crushed Hintalo Wejerat Sandstone's fine aggregate's silt 

concentration was below the permitted 6%. Appendix A has the silt content results. 

4.3.3. Specific Gravity and Absorption Capacity 

 

Based on, ASTM C 127-88, the specific gravity (relative density) and absorption capacity of 

natural and coarse aggregates were measured. Table 4.3 displays the findings from a number of 

tests of aggregate characteristics. CSS specific gravity was comparable to that of fine aggregate 

found in nature. Appendix A is a record of the specific gravity, absorption, and moisture content 

test results of all aggregate samples used in the mix. 
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4.4. Concrete Test Result 

 
4.4.1. Plastic Concrete Properties 

.Table4.4 below presents the slump value of fresh concrete properties at laboratory. This table 

demonstrates that incorporating Hintalo Wejerat sandstone was comparable to that of traditional 

river sand. The slump values measured for different replacement levels (25% to 100% Hintalo 

Wejerat sandstone) remained within acceptable limits for concrete production. This indicates that 

the sandstone does not negatively affect the simplicity of mixing, placement, and finishing of 

concrete, making it a practical option for construction applications. 

Table4. 4. Characteristic of Plastic concrete 
 

No F.A replacement levels Slump (mm) 

mix-1 0%CSS 79 

mix-2 25%CSS 78 

mix-3 50%CSS 77 

mix-4 75%CSS 76 

mix-5 100%CSS 75 

4.4.2. Hardened Concrete Properties 

 

4.4.2.1. Compressive Strength Test 

 

Cubes concrete of 150 mm were tested in based on ASTM C39-90 to find the specimen’s 

compressive strength. Each specimen was weighed and measured in order to get the concrete 

density and cube area. The hardened concrete qualities were examined after 7, 14 and 28 days. 

To assure the reliability of test findings, minimum three specimens were tested for every age. 

Compressive strength of concrete has been found to be influenced when Hintalo Wejerat 

Sandstone is used as a partial or total replacement for natural river sand. The results are 

displayed in Figure4.3 and Table4.5. Compare to the control concrete mix, the compressive 

strength of the concrete with Hintalo Wejerat Sandstone experienced less than to control mixes, 

particularly at 7 and 14 days, with losses between approximately 0.77% and 24.60%. However, 

by 28 days, all mixes met the requirements for normal strength concrete (C-25), with reductions 
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of 4.31% to 5.98%.The test results below shown that all different replacement level of crushed 

hintalo wejerat sandstone achieve the desired compressive strength, although a concrete 

containing 100% river sand achieve a better compressive strength. It is more beneficial to utilize 

Crushed Hintalo Wejerat Sandstone for making normal strength concrete. Findings of 

compressive strength test are presented in Appendix. 

Table4. 5. Summary of Mean Compressive Strength findings of Concrete mix 

 

mix-no F.A replacement level Age 

(days) 

7 day strength 

(Mpa) 

14 day strength 

(Mpa) 

28 day strength 

(Mpa) 

mix-1 0%CSS 26.87 Control 33.43 control 40.61 Control 

mix-2 25%CSS 23.21 -13.62% 31.63 -5.38% 38.56 -5.05% 

mix-3 50%CSS 25.88 -3.68% 33.17 -0.77% 38.18 -5.98% 

mix-4 75%CSS 26.05 -3.05% 33.01 -1.26% 38.54 -5.10% 

mix-5 100%CSS 20.26 -24.60% 32.62 -2.42% 38.86 -4.31% 
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Figure4. 3. Compressive Strength of Concrete 

4.4.2.2. Flexural strength Test 

 

A 100mm*100mm*500mm size concrete beam flexural was tested based on ASTMC39-90 to 

find the flexural strength of the sample. Findings are illustrated in Table4.6 and Figure4.4. The 

following test results validated flexural strength at 7 days of curing in Hintalo Wejerat Sandstone 

mixed with concrete mixes showed acceptable findings. The mixes all generally had flexural 

strengths equal to or greater than the control mix using river sand. This would indicate that 

replacing Hintalo Wejerat Sandstone with river sand can enhance the flexural properties of the 

concrete at early age, which is crucial for not cracking and having structural integrity. 

Flexural strength at 28 day of curing was improved in Hintalo Wejerat sandstone mixes, 

particularly under high replacement levels. Mixes showed considerable improvement in flexural 

strength from 1.91% to 6.98% over the control mix. 
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Table4. 6. Summary of mean flexural strength findings of mixes 

 

no F.A replacement level age 

7 day strength 

(Mpa) 

28 day strength 

(Mpa) 

mix-1 0%CSS 6.50 control 6.79 Control 

mix-2 25%CSS 6.54 0.61% 6.92 1.91% 

mix-3 50%CSS 6.57 1.07% 7.00 3.09% 

mix-4 75%CSS 6.59 1.38% 7.06 3.98% 

mix-5 100%CSS 6.62 1.84% 7.24 6.63% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure4. 4. Flexural Strength of Concrete 

Fig. 4.3 has shown variability in compressive strength results observed in concrete mixes 

containing Crushed Hintalo Wejerat Sandstone (CSS) can be due to several interrelated factors 
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distribution. Effectiveness of CSS to achieve uniform compressive strength is affected by 

particle sizes and their distribution in the mix. Mixture size variation would lead to vary in 

packing densities, which can create voids within the concrete matrix. Although mechanical 

interlock of angular aggregate is beneficial for bending strength, the compressive strength is 

more susceptible to aggregates distribution uniformity. It has been established that well-graded 

aggregates yield higher compressive strength through optimum packing efficiency[3]. 

Apart from that, curing conditions are also very essential in the development of the compressive 

strength. Temperature and humidity are two factors from the surrounding environment that play 

a significant role in the hydration of the cement, an important process in the development of the 

required strength. Changes in these conditions can give rise to inconsistent test results, as noted 

by [48], that temperature and humidity fluctuation of environmental conditions could greatly 

affect compressive strength throughout curing. Curing is also important to ensure that concrete 

attains the intended strength because it can make hydration of cement particles possible [49]. 

An additional central element is the bonding characteristic among aggregates and cement paste. 

Bond strength is most critical in the realization of ultimate compressive strength; interface 

weakening through adverse mixing or curing will prevent the anticipated benefits of CSS from 

being achieved. Inconsistency of this bonding quality will result in variable compressive strength 

results even when bending strength trends are positive [19]. In addition, the testing method used 

to determine compressive strength can also introduce variability. Differences in specimen 

preparation and in sample handling can all lead to differences in measured strength. Compliance 

with strict test standards is important to obtaining reliable consistent data [50]. 

Additionally, hydration in concrete is naturally a complex process, and the addition of other 

aggregates can affect this process. While CSS can be a supplement to bending strength based on 

physical properties, its impact upon compressive strength may be more complicated. Not all mix 

will be equal when it comes to level of hydration or bonding effectiveness, and this could create 

variability in compressive strength yield [4]. 

Over all, the observed lack of a clear trend in compressive strength can be due to a combination 

of factors including, aggregate distribution, curing conditions, bonding quality, testing 

methodology, and the complexities of hydration dynamics. 
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Fig4.4 has shown of increasing flexural strength with higher CSS replacement over both 7 and 

28 curing days. One significant contributor is high silica content of CSS plays a crucial role in its 

performance. According to complete silicate analysis of CSS in Appendix C, crushed Hintalo 

Wejerat Sandstone has 94.36% silicates. Silica contributes to the pozzolana activity of the 

aggregate, which enhances the bonding between the cement paste and aggregates. This results in 

a denser microstructure, improving the overall mechanical performance of the concrete. Studies 

have shown that pozzolana materials can be used to improve hydration reactions in concrete 

mixtures, which in turn lead to increased strength and durability. The interaction between the 

CSS particles and cement paste increases bonding and aids in effective hydration, important in 

achieving increased flexural strength. 

Apart from high silica content of CSS, filler effect of the finer particles of CSS is also 

contributing towards the improvement in flexural strength being noted. The finer particles have 

the ability to fill the gaps between the bigger aggregates and thus create a denser and more 

uniform concrete structure. This type of densification decreases the possibility of the formation 

of cracks under bending loads confirms that “fine aggregates can significantly improve the 

performance of concrete” through enhancing its bending stress resistance [48]. 

Mechanical interlocking in CSS also contributes additional role toward the observed increase in 

flexural strength. This surface improves the interlocking between the cement matrix and 

aggregate, thus increasing load transfer mechanisms within the concrete. Literature reports that 

angular aggregates are very efficient in developing tensile and flexural properties since they 

generate a strong interlocking effect created by bending forces[51]. 

In summary, the increment in flexural strength with CSS replacement can be scientifically 

justified through a combination pozzolana activity, the filler effect of finer particles and 

mechanical interlocking. 
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4.5. Economic Impact 

 
The major source of sand for building industry nearby mekelle is the Gelebeda (Temben) river 

placed about 63.2km West of Mekelle city. The transport cost of river sand is high from Temben 

to mekelle city in comparison to use Hintalo wejerat sand stone. But the economic impact of 

Hintalo Wejerat Sandstone has not been deeply investigated and it was difficult to get the exact 

figure about its production cost. Table4.7 has shown the cost distribution of F.A in 2025 year and 

taken from Tigray construction burro. 

Table4.7. distribution cost of F.A per m
3
 from source to mekelle city 

 

Sand Type Cost per (m
3
) one Sino truck 

(16m
3
) pick-up 

price 

Location 

Crushed Hintalo 

wejerat 

Sandstone 

1437.5-1875 Birr 23000-30000 birr Hintalo Wejerat 

(Gerygam quarry site) 

River sand originally 

from (Gelebeda) 

3000-3250 Birr 

(at site) 

48000-52000 birr Temben ( Gelebeda) 

 

The information in Table 4.7 is based on the fact that distance between the Hintalo Wejerat 

Sandstone quarry site and Mekelle is roughly 40 Kilometers. In comparison to river sand, 

Hintalo Wejerat Sandstone is more cost-effective, as shown in Table4.7. In addition to 

generating jobs in mining, processing, and transportation, the extraction and processing of 

Hintalo Wejerat Sandstone can enhance regional economies. 

4.6. Environmental Impact 

 
Concrete production by using Hintalo Wejerat sandstone from local sources has several positive 

environmental impacts. Firstly, it reduces the carbon footprint by less transportation distance 

from Mekelle to the production site as compared to Temben and hence less fuel is consumed and 

less greenhouse gas emitted. It conserves aquatic habitat and biodiversity as riverine habitats are 

commonly susceptible to the disturbance that results from sand extraction. Moreover, use of 
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crushed sandstone on land can enhance land stability and reduce erosion on land next to the 

quarry, resulting in expanded land use practice. Low-carbon production and extraction of Hintalo 

sandstone can also create job opportunities around the vicinity, supporting the economic growth 

of the people while lowering the environmental impact. Additional research indicates that 

recycling or reuse of by-products applied in sandstone processing eliminates waste and enhances 

circular economy further aiding in the production of more environmentally friendly construction 

processes. All this contributes to making Hintalo Wejerat sandstone an environmentally friendly 

product to utilize in producing concrete. 
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Chapter five: Conclusion and Recommendation 

 
5.1. Conclusion 

 
In C-25 concrete, crushed Hintalo wejerat sandstone was studied as a potential partial or total 

substitute for river sand. The research’s conclusions and recommendations are as follows. 

 Hintalo Wejerat sandstone has a sound workability of the concrete, and with appropriate 

slump values adequate to provide mass concrete production. 

 Concrete mixes containing 100% conventional sand have more compressive strength than 

mixes of Hintalo Wejerat sandstone. However, all replacement percentages were acceptable 

from the point of required compressive strength. 

 Concrete flexural strength improved with higher ratios of Hintalo Wejerat sandstone, which 

indicates its beneficial effect on the bending strength of the concrete. 

  Utilization of crushed hintalo wejerat sandstone can minimize environmental issues 

associated with Mining. 

 All replacement levels meet the required target mean compressive strength (33.6 MPa) of C-

25 concrete grade at 28 curing period; hence, crushed Hintalo Wejerat Sandstone is viable 

alternative for concrete production. 

At the end, crushed hintalo wejerat sandstone test is in line with standard specification but 

requires proper cleaning to lower its silt content. It may be a viable substitute for the use of river 

sand in concrete manufacture with economic and environmental benefits. 
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5.2. Recommendation 

 
According to the study, replacement of crushed Hintalo wejerat sandstone with natural river sand 

in the production of C-25 concrete, bellow recommendation is put forward to the building 

industry. 

 Promote use of crushed Hintalo Wejerat sandstone as a green substitute for river sand to 

reduce material shortages and reduce environmental impacts. 

 Establish standard methods to wash Crushed Hintalo wejerat sandstone to minimize silt and 

clay content according to the specifications of the construction material. 

 Promote research activity that will attempt to alter the properties of Crushed Hintalo wejerat 

sandstone and other alternative materials in a manner that will make them exhibit better 

performance when used in concrete. 

 The results support the promotion of CSS in the construction sector, particularly in regions 

facing sand shortages. 

5.3. Future Research Directions 

 
 Examine the long-term durability of crushed Hintalo Wejerat sandstone based concrete 

subjected to moisture exposure, freeze thaw cycling, and chemical attack. 

 explore the supplementary cementitious properties of CHWSS 

 Investigate the tensile strength of concrete with different CHWSS ratio. 

 Investigate permeability of concrete made with crushed hintalo wejerat sandstone. 

 Conduct field studies to compare the performance of structures constructed using CHWSS 

under actual conditions, obtaining actual facts regarding service life and structural condition. 
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Appendix A 

 
Appendix A. Material Properties and Test findings 

 

A.1. Properties of C.A 

 
A.1.1. Graduation of C.A 

 

Sieve 

diameter 

in (mm) 

(gm) mass 

retained 

(%) retained (%) cumulative 

coarser 

(%) 

cumulative 

passing 

ASTM 

LIMIT 

Min Max 

37.5 0 0 0.00 100 100 100 

25 916 18.32 18.3 95.35 95 100 

19 2124 42.48 60.8 89.05 80 100 

12.5 1506 30.12 90.9 81.15 50 85 

9.5 425 8.5 99.4 58.65 25 60 

4.75 23 0.46 99.9 14.1 10 30 

Pan 6 0.12 00.00 0   

Total 5000  369.3    

 F.M= 3.7 

 

F.M=∑ 
% 𝐶𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑣𝑒 𝐶𝑜𝑎𝑟𝑠𝑒𝑟 

100 
F.M= (369.3) =3.7 

100 
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A.2. properties of F.A 

 
A.2.1. properties of F.A 0% CSS 

 
A.2.1.1. Graduation test for F.A 0 % CSS 

 

Sieve 

diameter 

(mm) 

Mass 

retained 

(gm) 

Retained 

(%) 

Cumulative 

coarser (%) 

(%) Cumulative 

passing 

ASTM 

Limit 

Min 

Max 

9.50 0 0.00 0.00 100 100 100 

4.75 93 4.65 4.65 95.35 95 100 

2.36 126 6.30 10.95 89.05 80 100 

1.18 158 7.90 18.85 81.15 50 85 

0.60 450 22.50 41.35 58.65 25 60 

0.30 891 44.55 85.90 14.1 10 30 

0.15 256 12.80 98.70 1.3 2 10 

0.75 26 1.30 0.00 0   

Pan 0 1.30 0.00 0   

TOTAL 2000  260.4    

 F.M= 2.6 

 

F.M=∑ 
% 𝐶𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑣𝑒 𝐶𝑜𝑎𝑟𝑠𝑒𝑟 

100 
F.M= (260.4) =2.6 

100 
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A.2.3. 25%CSS 

 

A.2.3.1. Gradation test for F.A 25%CSS 

 

Sieve 

diameter 

(mm) 

(gm) mass 

retained 

(%) 

retained 

(%)cumulative 

coarser 

(%)cumulative 

passing 

ASTM Limit 

Min 

Max 

9.50 0 0.00 0.00 100 100 100 

4.75 82 4.1 4.1 95.9 95 100 

2.36 149 7.45 11.55 88.15 80 100 

1.18 151 7.55 19.10 80.9 50 85 

0.60 440 22.00 41.10 58.9 25 60 

0.30 850 42.55 83.60 16.4 10 30 

0.15 288 14.40 98.00 2 2 10 

0.75 40 2.00 00.0 0   

Pan 0  0.00 0   

TOTAL 2000  257.45    

 F.M= 2.57 

 

F.M=∑ 
% 𝐶𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑣𝑒 𝐶𝑜𝑎𝑟𝑠𝑒𝑟 

100 
F.M= (257.45) =2.57 

100 
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100 

A.2.4. 50%CSS 

A.2.4.1. Gradation test for F.A 50%CSS 

 

Sieve 

diameter 

(mm) 

Mass 

retained 

(gm) 

Retained 

(%) 

Cumulative 

coarser (%) 

Cumulative 

passing (%) 

ASTM 

Limit 

Min 

Max 

9.50 0 0.00 0.00 100 100 100 

4.75 90 4.50 4.50 95.5 95 100 

2.36 129 6.45 10.95 89.05 80 100 

1.18 136 6.80 17.75 82.25 50 85 

0.60 407 20.35 38.10 61.90 25 60 

0.30 823 41.15 79.25 20.75 10 30 

0.15 357 17.85 97.10 2.9 2 10 

0.75 58 2.90 00.0 0   

Pan 0 0 0 0   

TOTAL 2000  247.65    

 F.M= 2.5 

 

F.M=∑ 
% 𝐶𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑣𝑒 𝐶𝑜𝑎𝑟𝑠𝑒𝑟 , F.M= (247.65) =2.5 

100 
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A.2.5.75%CSS 

A.2.5.1.Gradation test for Fine Aggregate 75%CSS+25%R.S 

 

Sieve 

diameter 

(mm) 

Mass 

retained 

(gm) 

Retained 

(%) 

(%) cumulative 

coarser 

(%) cumulative 

passing 

ASTM 

Limit 

Min 

Max 

9.50 0 0.00 0.00 100 100 100 

4.75 113 5.65 5.65 95.35 95 100 

2.36 115 5.75 11.40 88.60 80 100 

1.18 132 6.60 18..00 82.00 50 85 

0.60 345 17.25 35.25 64.75 25 60 

0.30 848 42.40 77.65 22.35 10 30 

0.15 382 19.10 96.75 3.25 2 10 

0.75 65 3.25 00.0 0   

Pan 0  0 0   

TOTAL 2000  244.7    

 F.M= 2.447 

 

F.M=∑ 
% 𝐶𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑣𝑒 𝐶𝑜𝑎𝑟𝑠𝑒𝑟 

100 
, F.M= (244.7) =2.45 

100 
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A.2.2. 100%CSS 

 

A.2.2.1. Gradation test for F.A 100% CSS 

 

Sieve 

diameter 

(mm) 

Mass 

retained 

(gm) 

Retained (%) Cumulative 

coarser (%) 

Cumulative 

passing (%) 

ASTM 

Limit 

Min 

Max 

9.50 0 0.00 0.00 100 100 100 

4.75 91 4.55 4.55 95.45 95 100 

2.36 144 7.2 11.75 88.25 80 100 

1.18 144 7.2 18.95 81.05 50 85 

0.60 309 15.45 34.40 65.6 25 60 

0.30 738 36.90 71.30 28.7 10 30 

0.15 492 24.60 95.90 4.1 2 10 

0.75 82 4.10 100.00 0.00   

Pan 82 4.10 0.00 0.00   

TOTAL 2000  237.85    

 F.M= 2.4 

 

 

 

F.M=∑ 
% 𝐶𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑣𝑒 𝐶𝑜𝑎𝑟𝑠𝑒𝑟 

100 
F.M= 

(237.85) 
=2.4 

100 
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Appendix B. Design Mix 

 
B.1. Mix design of C-25 Concrete Grade 

 

B.1.1. Mix design-1 (0% CSS) 

Required material properties 

No Material properties C.A F.A 

1 unit weight 1556.56kg/m
3
 1755 kg/m

3
 

2 fineness modulus  2.6 

3 Specific gravity 2.69 2.65 

4 absorption 0.23 0.54% 

5 moisture content 0.29% 0.74% 

 

 

Step 1: determining target mean strength 

 

Cube strength: design strength is 25Mpa 

 

Cylindrical Strength = 0.8 x cubic strength = 0.8 x 25Mpa = 20Mpa 

 

fck = ƒc’ +ks = ƒcm = ƒc’ + 6.9Mpa where according ACI 214R-02 table 4.2minimum required 

strength without sufficient historical data ƒcm = ƒc’ + 6.9Mpa when ƒc’≤20.7Mpa. 

fck = 20Mpa + 6.9Mpa=26.9MPa when the compressive strength change to cube strength is ƒck 

= 26.9 x 1.25 = 33.6Mpa 

 

Step2: choice of slump based on ACI 

 

According to ACI211.1-91, slump values for different types of construction are provided. 

 

Mix design is selected for beam and reinforced wall concrete; the recommended slump 

requirement is the range between the slumps 25 to 100 mm. 

Step3: choice of the nominal maximum size of aggregate 
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Based on the retained weights given on the sieve analysis findings: 

 

 Maximum aggregate size 37.5mm 

 Maximum nominal aggregate size 19mm 

 

Step4: Calculation of mixing water and air content 

 

 Assume concrete with non – air entrained 

 

According the table for requirements of mixing water and air content, for the given slump 75 to 

100mm, maximum aggregate size of 19mm non- air entrained concrete, the water content is 

205kg/m
3
 and air content from table 2% for 19 nominal maximum size of aggregate. 

Step5: Estimation of water/cement ratio 

 

From the table6.of ACI211.1-91, the recommended water cement ratio for the target mean 

compressive strength, will be read. But this compressive strength has not direct readable value 

from the table. Thus have to extrapolate the water cement ratio is 0.49 

W/C=0.49, C=W/0.49= (205kg/m3)/0.49 =418.37kg/m3 

 

Step6: Calculation of C.A content 

 

For the 19 mm maximum size of C.A having fines modules of sand 2.6, from the table of 

ACI211,1-91 for bulk volume of C.A, Thus the dry rodded bulk volume of C.A per unit volume 

* dry rodded bulk density. C.A=0.64 x 1556.56kg/m3= 996.20kg/m3 

 

Step7: Calculation of F.A by using absolute volume method 

 

The amount of all ingredients without F.A is known. In the absolute volume method, the volume 

of F.A is calculated by subtracting the absolute volume of the known ingredient from cubic 

meter. 

Assuming air =2%=0.02M3 
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No Ingredients Using Absolute volume (1M
3
) Result 

1 Water 205/(1*1000) 0.205m
3
 

2 Cement 418.37/(3.15*1000) 0.133m
3
 

3 Coarse aggregate 996.2/(2.69*1000) 0.370 m
3
 

4 Entrapped air 2% 2/100 0.020m
3
 

 Total volume  0.728m
3
 

5 The volume of F.A 1-0.728 0.272m
3
 

6 Weight of F.A (kg/m
3
) GFA*VFA*1000=2.65*0.272*1000 720.8 

 

 

Step8: Adjustment for moisture Amount 

 

Water =205-[720.8(0.74%-0.54%)]-[996.2(0.29%-0.23%)] =202.96kg 

 

Coarse aggregate=996.2(1+moisture content (%)) =996.2(1+0.29%) =999.09kg 

Fine aggregate= 720.8*(1+m.c (%)) =720.8(1+0.74%) =726.13kg 

Step 9: Weight adjustment in laboratory 

 

The total laboratory trial batch production (9cube+6 flexural beams) 

Total volume = Total volume of cube + total volume of flexural beam 

Total volume = [(0.15*0.15*0.15*9) + (0.1*0.1*0.5*6)]*1.2=0.07245m
3
 

 

 

 

 

 ̀
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Material Type Adjusted quantity(kg/m
3
) Weight(kg) 

Water 202.96kg 14.61 

Cement 418.37 30.12 

C.A 999.09 71.93 

F.A 726.13 52.28 

 

 

Compressive and flexural strength test findings 

 

 

no 

Test age 

(days) 

dimensions (c.m) weight 

(gm) 

volume 

(cm
3
) 

failure 

load 

(KN) 

comp. 

strength 

(Mpa) 

unite 

weight 

(gm/cm
3
) L L L 

1 
 

7 

15.00 15.00 15.00 8650 3375 560.4 24.91 2.56 

2 15.00 15.00 15.00 8490 3375 610.4 27.13 2.52 

3 15.00 15.00 15.00 8460 3375 643.1 28.58 2.50 

mean 604.63 26.87 2.53 

1 
 

14 

15.00 15.00 15.00 8260 3375 750.9 33.37 2.45 

2 15.00 15.00 15.00 8510 3375 722.5 32.11 2.52 

3 15.00 15.00 15.00 8670 3375 783.3 34.81 2.57 

mean 752.23 33.43 2.51 

1 
 

28 

15.00 15.00 15.00 8540 3375 935.3 41.57 2.53 

2 15.00 15.00 15.00 8490 3375 896.4 39.84 2.51 

3 15.00 15.00 15.00 8460 3375 909.5 40.42 2.50 

mean 913.73 40.61 2.45 
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no 

Test age 

(days) 

dimensions (cm) weight 

(gm) 

volume 

(cm
3
) 

Failure 

load (KN) 

Flexural. 

Strength 

(Mpa) L D B 

1 
 

7 

50.00 10.00 10.00  5000 14.36 6.46 

2 50.00 10.00 10.00  5000 14.45 6.50 

3 50.00 10.00 10.00  5000 14.55 6.55 

Mean 14.45 6.50 

1 
 

28 

50.00 10.00 10.00  5000 15.14 6.81 

2 50.00 10.00 10.00  5000 15.10 6.79 

3 50.00 10.00 10.00  5000 15.06 6.77 

Mean 15.10 6.79 

 

 

 

 

Mix design-2 (25%CSS) 

Required material properties 

 

No Material properties C.A F.A 

1 unit weight 1556.56 kg/m
3
 1751.67kg/m

3
 

2 fineness modulus  2.57 

3 Specific gravity 2.69 2.61 

4 Absorption 0.23% 0.42% 

5 moisture content 0.29% 0.47% 
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Laboratory weight adjusted weight 

 

Material Type Adjusted quantity Weight(kg) 

Water 204.04kg 14.69 

Cement 418.37 30.12 

Coarse Aggregate 1003.73 72.27 

Fine Aggregate 708.01 50.97 

 

 

Compressive and flexural strength test result 

 

 

no 

test age 

(days) 

dimensions (m) weight 

(gm) 

volume 

(cm
3
) 

failure 

load 

(KN) 

comp. 

strength 

(Mpa) 

unite 

weight(gm/cm
3
) 

L W H 

1 
 

7 

15.00 15.00 15.00 8510 3375 533.5 23.71 2.52 

2 15.00 15.00 15.00 8340 3375 511.3 22.72 2.47 

3 15.00 15.00 15.00 8490 3375 521.6 23.18 2.51 

mean 522.13 23.21 2.50 

1 
 

14 

15.00 15.00 15.00 8260 3375 680.3 30.23 2.45 

2 15.00 15.00 15.00 8620 3375 710.60 31.58 2.55 

3 15.00 15.00 15.00 8390 3375 744.4 33.08 2.48 

mean 711.76 31.63 2.49 

1 
 

28 

15.00 15.00 15.00 8571 3375 858.4 38.15 2.54 

2 15.00 15.00 15.00 8574 3375 877.6 39.00 2.54 

3 15.00 15.00 15.00 8796 3375 866.8 38.52 2.60 

mean 867.6 38.56 2.56 
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no 

Test age 

(days) 

dimensions (cm) weight 

(gm) 

Volume(cm
3
) Failure 

load (KN) 

Flexural. 

Strength 

(Mpa) L W H 

1 
 

7 

50.00 10.00 10.00  5000 14.49 6.52 

2 50.00 10.00 10.00  5000 14.55 6.55 

3 50.00 10.00 10.00  5000 14.57 6.56 

mean 14.53 6.54 

1 
 

28 

50.00 10.00 10.00  5000 14.99 6.75 

2 50.00 10.00 10.00  5000 15.59 7.02 

3 50.00 10.00 10.00  5000 15.54 6.99 

Mean 15.37 6.92 

 

 

Mix design3 (50%CSS) 

Required material properties 

 

No material properties C.A F.A 

1 unit weight 1556.56kg/m
3
 1719.6 kg/m

3
 

2 fineness modulus  2.5 

3 specific gravity 2.69 2.63 

4 Absorption 0.23 0.8% 

5 moisture content 0.29% 0.47% 
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Laboratory Adjusted weight for concrete mix 

 

Material Type Adjusted quantity Weight(kg) 

Water 204.25kg 14.75 

Cement 418.37 30.37 

Coarse Aggregate 1014.69 73.06 

Fine Aggregate 702.87 50.61 

 

 

Compressive and flexural strength test findings 

 

 

no 

test age 

(days) 

dimensions (CM) weight 

(gm) 

volume 

(cm
3
) 

failure 

load (kN) 

comp. 

strength 

(MPa) 

unite 

weight 

(gm/cm
3
) L W H 

1 
 

7 

15.00 15.00 15.00 8790 3375 570.4 26.91 2.60 

2 15.00 15.00 15.00 8330 3375 590.9 27.28 2.47 

3 15.00 15.00 15.00 8440 3375 585.5 28.80 2.50 

Mean 582.27 25.88 2.52 

1 
 

14 

15.00 15.00 15.00 8670 3375 730.3 32.46 2.57 

2 15.00 15.00 15.00 8520 3375 725.9 32.26 2.52 

3 15.00 15.00 15.00 8500 3375 783.1 34.80 2.52 

Mean 746.43 33.17 2.54 

1 
 

28 

15.00 15.00 15.00 8693 3375 812.9 36.12 2.57 

2 15.00 15.00 15.00 8611 3375 867.6 38.56 2.55 

3 15.00 15.00 15.00 8663 3375 897.1 39.87 2.56 

Mean 859.2 38.18 2.56 
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no 

Test age 

(days) 

dimensions (cm) weight 

(gm) 

volume 

(cm
3
) 

failure 

load (KN) 

Flexural. 

Strength 

(Mpa) L B D 

1 
 

7 

50.00 10.00 10.00  5000 14.16 6.37 

2 50.00 10.00 10.00  5000 14.65 6.59 

3 50.00 10.00 10.00  5000 14.98 6.74 

mean 14.59 6.57 

1 
 

28 

50.00 10.00 10.00  5000 15.52 6.98 

2 50.00 10.00 10.00  5000 15.57 7.00 

3 50.00 10.00 10.00  5000 15.56 7.00 

Mean 15.55 7.00 

 

 

Mix design -4 (75% CSS) 

Required material property 

 

No material properties C.A F.A 

1 unit weight 1556.56kg/m
3
 1685.44 kg/m

3
 

2 fineness modulus  2.45 

3 specific gravity 2.69 2.64 

4 Absorption 0.23 0.51% 

5 moisture content 0.29% 0.6% 
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Laboratory Adjusted weight for concrete mix 

 

Material Type Adjusted quantity(kg/m
3
) Weight(kg) 

Water 202.92 14.61 

Cement 418.37 30.12 

Coarse Aggregate 1022.51 73.62 

Fine Aggregate 698.45 50.29 

 

Compressive and flexural strength test findings 

 

 

no 

test age 

(days) 

dimensions(m) weight 

(gm) 

volume 

(cm
3
) 

failure 

load 

(KN) 

comp. 

strength(MPa) 

Unite 

weight 

(gm/cm
3
) L W H 

1 
 

7 

15.00 15.00 15.00 8540 3375 615.9 27.37 2.53 

2 15.00 15.00 15.00 8420 3375 550.5 24.47 2.50 

3 15.00 15.00 15.00 8560 3375 592.1 26.32 2.54 

mean 586.17 26.05 2.52 

1 
 

14 

15.00 15.00 15.00 8610 3375 725.1 32.23 2.55 

2 15.00 15.00 15.00 8390 3375 759.5 33.75 2.49 

3 15.00 15.00 15.00 8530 3375 743.5 33.04 2.53 

mean 742.7 33.01 2.52 

1 
 

28 

15.00 15.00 15.00 8467 3375 880.6 39.14 2.51 

2 15.00 15.00 15.00 8697 3375 875.2 38.90 2.57 

3 15.00 15.00 15.00 8722 3375 845.5 37.58 2.58 

mean 867.1 38.54 2.55 
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No 

test age 

(days) 

dimensions (cm) weight(gm) volume(cm
3
) failure 

load (KN) 

Flexural. 

Strength 

(MPa) L B D 

1 
 

7 

50.00 10.00 10.00  5000 14.63 6.58 

2 50.00 10.00 10.00  5000 14.67 6.60 

3 50.00 10.00 10.00  5000 14.62 6.58 

Mean 14.64 6.59 

1 
 

28 

50.00 10.00 15.00  5000 15.37 6.92 

2 50.00 10.00 10.00  5000 15.95 7.18 

3 50.00 10.00 10.00  5000 15.75 7.09 

Mean 15.69 7.06 

 

Mix design-5 (100% CSS) 

Required material property 
 

No material properties C.A F.A 

1 unit weight 1556.56 kg/m
3
 1609.78 kg/m

3
 

2 Fineness modulus  2.4 

3 specific gravity 2.69 2.64 

4 Absorption 0.23 0.40% 

5 moisture content 0.29% 0.8% 
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Laboratory Adjusted weight for concrete mix 

 

Material Type Adjusted quantity(kg/m
3
) Weight(kg) 

Water 201.63kg 14.51 

Cement 418.37 30.12 

Coarse Aggregate 1030.31 74.20 

Fine Aggregate 691.89 49.82 

 

 

Compressive and flexural strength test findings 

 

 

No 

test age 

(days) 

dimensions (cm) weight 

(gm) 

volume 

(cm
3
) 

failure 

Load 

(kN) 

comp. 

strength 

(MPa) 

unite 

weight 

(gm/cm
3
) L W H 

1 
 

7 

15.00 15.00 15.00 8900 3375 420.5 18.69 2.64 

2 15.00 15.00 15.00 8330 3375 482.3 21.44 2.47 

3 15.00 15.00 15.00 8530 3375 464.8 20.66 2.53 

Mean 455.87 20.26 2.55 

1 
 

14 

15.00 15.00 15.00 8560 3375 740.5 34.95 2.54 

2 15.00 15.00 15.00 8530 3375 735.7 34.07 2.53 

3 15.00 15.00 15.00 8700 3375 725.5 33.35 2.58 

Mean 733.9 32.62 2.55 

1 
 

28 

15.00 15.00 15.00 8652 3375 881.4 39.17 2.56 

2 15.00 15.00 15.00 8494 3375 875.6 38.92 2.52 

3 15.00 15.00 15.00 8183 3375 866.3 38.50 2.42 

Mean 874.43 38.86 2.5 
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No 

test ages 

(days) 

dimensions (cm) weight 

(gm) 

volume 

(cm
3
) 

failure 

load (KN) 

Flexural. 

strength 

(Mpa) B B D 

1 
 

7 

50.00 10.00 10.00  5000 14.38 6.47 

2 50.00 10.00 10.00  5000 14.75 6.64 

3 50.00 10.00 10.00  5000 15.01 6.75 

mean 14.71 6.62 

1 
 

28 

50.00 10.00 10.00  5000 15.96 7.18 

2 50.00 10.00 10.00  5000 16.01 7.20 

3 50.00 10.00 10.00  5000 16.27 7.32 

mean 16.08 7.24 

Appendix C. Complete Silicate Analysis of CHWSS According Ethiopian 

Geological Survey Report 

 



71  

AppendixD. Experimental Pictures for specimen preparation 
 

 

 

 

 

Aggregates 
 

 

Specific gravity for C.A 

 

 

Mixing 

 

 

Slump test 

 


