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                                                                ABSTRACT 

Concrete is the most common building material that is used prominently in construction industry. It 

can be cast in any desired shape and fashion and should be workable whether on- site or in ready mix 

concrete production. To achieve better performance and desired proprieties of concrete, the use of 

chemical admixtures is priceless choice in concrete production. While, there are common problems 

facing to optimize superplasticzer dosage with various types of cement to produce desirable 

properties of fresh and hardened concrete due to lack of practices in construction industry in our 

country.  

The purpose of this research was determining optimum Superplasticizer dosage for desired 

workability using Marsh Cone Test at pre-determined water cement ratio. It was also analysis the 

effect and influences of Superplasticizer dosage on concrete properties. Slump Cone test and testing 

machine were used to determine such properties of concrete. The first conclusion that was drawn 

from the research was deciding optimum dosage on cement slurry which was prepared using different 

types of Super plasticizer and Cements for variable water cement ratio. Secondly, the test were 

carried out to see effects of Superplasticizer dosage on  improvement of workability and flowablity of 

fresh concrete in specified doses. Also, it was also noticed changes of hardened concrete properties 

using mechanical tests.  

Using 0.45 and 0.40 water-cement ratio, optimum dosage of Superplasticizer (ODS) has found out, 

with respect to different Superplasticzers on different brand of cement paste mix. 

Secondly, it also observed the effect of superplasticzer dosage for pre- determined quantity (0.5%, 

1.0%, 1.5% and 2.0%) on hardened concrete strength in addition to fresh concrete characteristics. 

Thirdly, the demand  of water reduced by 20%, 23%, 27% and 30% from total mix water using 

0.5%,1.0%,1.5% and 2.0% of Superplasticizer respectively in concrete mix.  

Generally, Superplasticzer is playing vitally role to achieve better physical properties and quality of 

concrete, and resolving challenges in undesirable conditions during concrete work operations. Despite 

these facts, over dosage of SP were found to deteriorate the properties of concrete with indication of 

lower compressive strength and higher porosity due to bleeding and segregation occurrences.  

Key words:  Superplasticizer, dosage, cement, concrete strength, a ready-mixed concrete.  
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CHAPTER ONE 

INTRODUCTION 

1.1  Background of the Study 

For thousands of years, mankind has explored the versatility of materials that can be molded or cast 

while in a plastic state and then hardened into strong, durable products [1]. As with ceramics and 

gypsum plasters, lime mortars and pozzolanic concretes provided engineers with economical 

materials for production of diverse utilitarian and aesthetically pleasing structures. Modern concretes 

preserve these ancient virtues while greatly extending the range of technically achievable goals. 

Concrete is the most common building material used in today's construction industry. It is versatility, 

durability, and economy has made it the world’s most used construction material.  It can be cast in 

any desired shape and fashion and is therefore applicable for most building purposes. Its long life 

and relatively low maintenance requirements add to its popularity. Concrete does not rot, rust or 

decay and is resistant to wind, water, rodents and insects. It is a non-combustible material, making it 

fire resistant and able to withstand high temperatures. It is used in highways, streets, parking lots, 

parking garages, bridges, high-rise buildings, dams, homes, floors, side- walks, driveways, and 

numerous other applications [3]. 

Concrete is the oldest and the most widely used construction material in the construction of civil 

engineering structures due to its wide area of application. It has been the construction material used 

in the largest quantity for several decades. The reason for its popularity can be found in the excellent 

technical properties of concrete as well as in the economy of this material. It is also characteristic 

that the properties of concrete ingredients have a major influence on the fresh as well as hardened 

concrete [21].  

Concrete is a composite materials of cement, fine and coarse aggregates, water and other admixtures 

[27]. Concrete is also defined in ASTM terminology relating to concrete and concrete aggregates 

(C125), it is a composite material that consists of essential binding medium within which are 

embedded particles or fragments of aggregate; in hydraulic-cement concrete, the binder is formed 

from a mixture of hydraulic cement and water [2]. 
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The main components of concrete are a mixture of cement, water, aggregate (fine and coarse) and 

sometimes admixture. The aggregate consists of a mixture of various sizes of gravel and sand. When 

water is added to cement, a chemical reaction takes place causing the mix to harden. Cement is the 

most economical and important ingredient of concrete and contributed to wide spread use of 

concrete as a construction material. It is manufactured product made by blending different raw 

materials and firing them at high temperature in order to achieve precise chemical proportions of 

lime, silica, alumina and iron in the finished product, knows as cement clinker. Cement is therefore 

essentially a mixture of calcium silicate and small amount of calcium aluminates that react with 

water and cause the cement to set.  

The requirement for calcium is meet by using high calcium limestone (or is equivalent calcareous 

material) and clay, mudstone or shale as the source of most of silica and alumina. Finished cement is 

produced by fine grinding together around 95% cement clinker with 5% gypsum (or anhydride) 

which helps to retard the setting time of the cement [22].   

It is possible to change some properties of the more common used cement by incorporating a 

suitable additive or an admixture to achieve the desired effects. One of such admixtures that have 

potentially profound effect on the workability, strength, durability and sustainability of concrete 

structures is Super plasticizers. However, it needs investigation how an admixture can be used to 

improve the properties of a particular concrete mix using locally produced cement.  

Superplasticzers are an admixture that may be used in ready-mix concrete to achieve certain desired 

plastic or hardened concrete properties. Primarily, the desired properties are high strength concrete 

or a fresh concrete mix of very high workability. In addition, economic benefits may be possible 

through reduced cement contents and less labor intensive concrete placement in the field [10].  

In modern days, the need of optimum and rapid construction has given rise to the use of chemical 

admixtures. Among these admixtures, particularly, Superplasticzers have a great market nowadays to 

enhance workability for a freshly prepared concrete. These Superplasticzers, on one hand, lower the 

water-cement ratio and also improve the workability of concrete. Advanced concrete technology, 

therefore, requires the detailed study on effects of Superplasticizer upon the workability of concrete. 

The workability can be enhanced by using exact required amount of super plasticizer. Usually, 
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manufacturers indicate the effects of such admixture; however, their action and performance should 

be checked before use [4].  

Moreover, Workability of concrete and dosage of Superplasticizer are affected by various 

parameters such as water-cement ratio, grading of fine aggregate, the shape of aggregate, surface 

characteristic, and volume of aggregate. Therefore, to resolve the problems encountered in the 

development of desired workable concrete, it is necessary to estimate dosage of super plasticizer. 

Estimation of Superplasticizer dosage for the desired workability can result in time-saving and 

overall human efforts and materials in conducting trials. A variation in the characteristic of concrete, 

type and dosage of Superplasticizer creates compatibility issues. So, there is a simple approach for 

obtaining a practical measure of the fluidity of cement pastes containing Superplasticizer and its 

flowability is found out using Marsh Cone Test.  

 
Hence, the main purpose of this thesis is to formulate the optimum dose of particular admixture to 

the cement thereby avoiding cement-admixture incompatibility and investigate the effects of 

Superplasticizer during usage of different brand of locally produced cement on Concrete properties 

with an appropriate water-to-cement ratio (w/c) in order to produce flowable concrete in situations 

where placing is inaccessible locations, in higher rising building, in pavement slab or where very 

rapid placing is required.  

1.2  Statement of the Problem 

In the world, about 90%-95% of the construction materials market is made of concrete compared 

with other materials for both structural and non-structural application. Concrete is a product of 

cement, water and aggregates and an additional material known as Admixture to modify certain 

properties of concrete [6]. 

Concrete should be workable, finishable, strong, durable, watertight, and wear resistant. These 

qualities can often be obtained easily and economically by the selection of suitable materials rather 

than by resorting to admixtures. Admixtures are those ingredients in concrete that are added to the 

mixture immediately before or during mixing.   
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The major reasons for using admixtures are [23]:  

 To reduce the cost of concrete construction with respect to early removal of formworks 

and less labor intensive concrete placement  

 To achieve certain properties in concrete more effectively than by other means,  

 To maintain the quality of concrete during the stages of mixing, transporting, placing, and 

curing in adverse weather conditions  

 To overcome certain emergencies during concreting operations. 

Despite these considerations, it should be borne in mind that no admixture of any type or amount can 

be considered a substitute for good concreting practice. The effectiveness of an admixture depends 

upon the factors such as type, brand, and amount of cementing materials, water content, aggregate 

shape, gradation, and proportions, mixing time, slump and temperature of the concrete. Trial 

mixtures should be made with the admixture and the job materials at temperatures and humidifies 

anticipated on the job and should meet applicable specification. In this way, the compatibility of the 

admixture with other admixtures and job materials, as well as the effects of the admixture on the 

properties of the fresh and hardened concrete, can be observed. So, the amount of admixture 

recommended by the manufacturer or the optimum amount determined by laboratory tests should be 

verified [7] and adapt with locally produced materials including cements as well as practices in the 

concrete technology. 

However, in our country, in -site and off-site, contractors and ready-mix concrete suppliers facing 

problems regards to product quality concrete due to inadequate knowledge, experience, lack of 

expertise and insufficient equipped laboratory institutions, and could  not achieved still what the 

other world reached. The local construction practice clearly indicates that there are no  guidelines 

that are presented locally based knowledge and experience  and do not conducted comprehensive 

study on the use of super plasticizers in order to ensuring adequate performance of the concrete 

in service and keep up the development of the construction industry in our country. 

Hence, this study tried to investigate the successful use of admixtures at appropriate and optimum 

dosage during composition of concrete mixture and effectiveness of admixtures on different type of 

locally produced cements to enhance better quality of fresh and hardened concrete properties, in 
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order to minimize the gap and inadequacy that have seen in the current practices in the construction 

industry. 

1.3 Objective of the Study 

      1.3.1   General Objective  

     The general objective of the study was to determine optimum dosage of Super Plasticizers and 

investigating the effects on locally produced cement types to enhance desire concrete properties.                

                1.3.2   Specific Objectives of the Study  

                     The specific objectives of study were  

 To identify optimum dosage of Superplasticizer on locally produced  cements  

 To investigate the effect of Superplasticizer on properties of fresh and hardened concrete 

using locally produced cement.  

 To compare the cost for the Superplasticizer concrete mixture with the conventional 

practice using different types locally produced cement.  

1.4  Research Questions  

The research questions that are expected from this study will answer: 

 How can optimize Superplasticizer dosage with different cement type? 

 How to verify the effects of Superplasticizer in properties of fresh and hardened concrete? 

  How to compare the cost for the Superplasticizer concrete mixture with the conventional 

practice using different types locally produced cements? 

1.5 Significance of the Study 

    This study is significant to Contractor, Ready-Mix Concrete supplier and Resident engineers to look 

for optimum dosage of superplasticzer, certain desired plastic or hardened concrete properties such 

as workability, setting time, strength and durable of concrete in economical and efficient way. It 

also includes recommendation to verify compatibility of cement and Superplasticzer before using of 

Superplasticizer and initiates suggestion for further research. Based on the findings, it may 

encourage stakeholders in the construction industry to implement for the successful achievement 

and economical utilization of Superplasticzers in concrete production.   
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1.6 Scope and Limitations of the Study 

The research has been limited to two cement types of Portland Pozzolanic Cement (OPC)     

produced here in Ethiopia, Derba Cement and Dangote Cement. Also, the research has been used 

two types of Super plasticizer, Sikament® NN and SASplast SP60 chemical admixtures; their 

chemical bases are Naphthalene formaldehyde sulphonate,  

The research has not performed on mortar rather in cement paste to decide optimum dosage of 

Superplasticizer and effects on ingredient of concrete to get more inclusive approach dictating the 

dosage. 

1.7 Organization of the Study 

    This thesis is organized into five chapters, namely introduction; literature review; materials and 

methods; results and discussion; conclusions and recommendation as stated below. 

 Chapter one an introduction part that deals with the background of the study, mainly 

introduces statement of the problem, the general and specific objectives of the study, the 

research question that are tried to  answer by the research, significance of the study and  

scope and limitation of the study. 

 The second chapter consists of the fundamentals of concrete and its constituent properties 

including the classification, production and requirement of cement and aggregate through 

referring and reviewing different literatures thoroughly. Further, general feature of Ready 

mix concrete and chemical admixture were explained. In addition, the gaps that are facing 

during using of superplasticzer in construction works were demonstrated. 

 Chapter three was discussed about layout of the research, material properties; and method 

and mix proportion of cement slurry and concrete mixtures; and specimen preparation for 

this experimental research.  

 Chapter four deals with test results that were observed from the experimental study and brief 

discussion focused on the findings. It also demonstrating the significance and implication of 

test result concisely. 

 Chapter five was discussed the conclusions and the recommendations that were derived from 

the research. Finally, list of reference material that are used to support this research were 

listed, annexes showing mix design, test procedures , test results and  photographs are  

attached at the end . 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Introduction 

This chapter is focused on a review the literature relevant to the topic under investigation on 

basic concrete materials and admixtures. It dealt with the general feature those components and 

effects of admixtures on the properties of plastic and hardened concrete. However, no sufficient 

researches have carried out on Superplasticzers with locally produced cements in our context. 

2.2. Theoretical Review 

2.2.1 Concrete materials 

Concrete is a composite material made with cement, aggregates and water comprises in quantity 

the largest of all man-made materials and sometimes admixtures. Although aggregates make up 

three fourths of the volume of concrete, the active constituent of concrete is cement paste. The 

properties and performance of concrete are mainly determined by the properties of the cement 

paste. The performance of concrete primarily depends upon the type and ratio of its constituents, 

compaction, curing conditions and admixtures used during curing process. 

Concrete is a versatile and most popular construction material in the world. It is produced by 

mixing fine and coarse aggregates, cement, water and additives in a certain prescribed proportion 

[28]. It is basically a mixture of two components: aggregates and paste. The paste, comprised of 

Portland cement and water, binds the aggregates (usually sand and gravel or crushed stone) into a 

rock-like mass as the paste hardens because of the chemical reaction of the cement and water. 

Supplementary cementitious materials and chemical admixtures may also be included in the 

paste [6].Concrete can be cast in any desired shape and fashion and applicable for most building 

purposes. It has long life and relatively low maintenance requirements. Concrete has been the 

construction material used in the largest quantity for several decades. The reasons for its 

popularity are the excellent technical properties of concrete and moderate economy of the 

material. 

The main objective of this section is briefing concrete- making materials, exclusively cement, 

aggregates and admixtures. Cement is a soul of construction industry, play major role and main 
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ingredient in all forms of concrete reinforced concrete, building blocks, mortar, roads, paving, 

roof tiles etc. 

Cement is a finely ground inorganic material which has cohesive and adhesive properties able to 

bind two or more materials together into a solid mass.  

Generally, cementing materials are two types: 

A. Non-hydraulic cements: are cements which are either notable to set and harden in water 

(E.g. Non-hydraulic lime) or which are not stable in water (e.g. gypsum plasters).  

B. Hydraulic cements: are cements which are able to set and harden in water, and give a 

solid mass which does not disintegrate, i.e. remain stable in water. E.g. Portland cement 

2.2.1.1 Portland Cement 
 

Portland cement is made by heating a mixture of limestone and clay or other materials of similar 

bulk composition and sufficient reactivity, ultimately to a temperature of about 14500C. Partial 

fusion occurs, and nodules of clinker are produced. The clinker is mixed with a few per cent of 

gypsum and finely ground to make the cement. The clinker typically has a composition in the 

region of 67% CaO, 22% SO2, 5% Al2O3, 3% Fe2O3 and 3% of other components [29]. 

Portland cement is a cementing material which is obtained by thoroughly mixing together 

calcareous or other lime bearing material with, if required, argillaceous and/or other silica, 

alumina or iron oxide bearing materials burning them at a clinkering temperature and grinding 

the resulting clinker (Placeholder1)  [Definition of Portland cement as per ES]. 

 

 

 

 

 

                  Figure 2. 1 Basic components of Portland Cement 
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I. Manufacture of Portland cement 

The raw materials required for manufacture of Portland cement are calcareous materials, such as 

limestone or chalk, and argillaceous material such as shale or clay. The process of manufacture 

of cement consists of grinding the raw materials, mixing them intimately in certain proportions 

depending upon their purity and composition and burning them in a kiln at a temperature of 

about 1300 to 1500°C, at which temperature, the material sinters and partially fuses to form 

nodular shaped clinker. The clinker is cooled and ground to fine powder with addition of about 3 

to 5% of gypsum. The product formed by using this procedure is Portland cement.  

There are two basic methods used in Portland cement production, depending on the water 

content of the material feedstock. 

  Dry process - Dry materials are proportioned, ground to a powder, blended and fed into 

the kiln. The process are avoids the use of slurry material and as a result is far less 

energy intensive. Modern day kilns are much more efficient than the kilns of old [24]. 

  Wet process - Involves adding water to the proportioned raw materials and completing 

the grinding and blending operations in slurry form. The wet process was the original 

rotary kiln process developed at a time when material handling of slurries was more 

developed than those of dry powders. However, it has much higher energy requirements 

due to the amount of slurry water that must be evaporated before calcinations can take 

place. 

The process of manufacture consists essentially of: 

 

 

 

 

 

Figure 2.2 Cement Manufacturing Process 

9 
 



 
  

     Three reactions are believed to take place during the burring stage or calcinations in   rotary kiln. 

a) Complete dehydration: Water is completely driven off at a very initial stage of burning 

at temperatures as low as 400oC.  

b) Dissociation of carbonate: Carbonates of calcium are completely dissociated at 

temperature between 800-900oC as per the following reaction: 

CO2+CaO     CaCO3 →  

c) Compound formation: The raw materials used for the manufacture of cement consist 

mainly of lime, silica, alumina and iron oxide. The relative proportions, rate of cooling 

and fineness of grinding of these oxide compositions are responsible for influencing the 

various properties of cement [31].  

d) About 95% of Portland cement clinker is made of combinations of four oxides. These 

are: lime (CaO), silica (SiO2), alumina (Al2O3), and iron oxide (Fe203). Other, so-called 

minor constituents or impurities include, among others, Magnesia; Sodium, and 

Potassium Oxides (the alkalies); Titania; Phosphorous and Manganese Oxides [32].  

                II. Major Constituents of Portland Cement 

The major compounds is largely based on Bogue’s work and hence it is called “Bogue’s 

Compounds” [31]. Although most of the substances which Portland cements are composed 

contain three of more elements in a state of combination. The publication of Le Chatelier’s 

(1905) research led to recognition that the four compounds can be considered as the four major 

constituents in Portland cement clinker.  
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Table 2.1 Major constituents in Portland cement clinker. 

 

 

 

 

 

 

 

 

                                         Figure 2.3 Major Compound Properties 

The relative amounts of these four chemicals in the final product depend on the desired 

properties of rate of hydration (hardening), strength-early and ultimate, rate and amount of heat 

given off and resistance to chemical attack.    
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                         III. The Physical Properties of Ordinary Portland Cement 

 Compressive Strength: Compressive strength of concrete is tested by 

150mm×150mm×150mm concrete cubes made by using standard sand and cured in a 

prescribed way. They were tested under a compression testing machine. The strength of 

cement varies with time; therefore in general it is reported as 3 day, 7 day or 28 day 

strength [25].  

 Heat of Hydration: The heat generated during the reaction of cement and water is known 

as heat of hydration. The factors affecting heat of hydration are C3A, C2S, water-cement 

ratio, fineness of cement and curing temperature.  

 Loss on Ignition: A cement sample of known weight is heated between 900-1000Co (1650-

1830F) until a constant weight is obtained. The weight loss of the sample due to heating is 

then determined. A high loss on ignition (more than 3%) indicates pre-hydration and 

carbonation, which may be due to inappropriate storage or adulteration.  

 Fineness: Fineness or particle size of Portland cement affects rate of hydration which is 

responsible for the strength gain. The smaller the particle size, the greater the surface area 

to volume ratio which means more area available for water-cement reaction per unit 

volume approximately 95%of cement particles are smaller than 45 micron with the average 

particle size about 15 micron. Fineness can be tested by Wagner turbid meter test. Blaine 

air-permeability test micrometer sieve and electronic particle size analyzer [26].    

 Soundness: Soundness refers to the ability of a hardened cement paste to retain its volume 

after setting. Lack of soundness is observed in the cement samples containing excessive 

amount of hard burnt free lime or magnesia autoclave expansion test is used to determine 

soundness of cement.  

 Consistency: Consistency of cement paste refers to its ability to flow. Normal consistency 

pastes are required to be prepared for testing cement specimens paste is said to have a 

normal consistency when the plunger of Vicat apparatus penetrates it by 10+1 mm .the 

corresponding water cement ratio is reported .  

 Setting Time: Initial setting time is the time that elapsed from the instance of adding water 

until the pastes cases to behave as fluid or plastic. Whereas final setting time referred to the 

time required for the cement paste to reach certain state of hardness of sustain some load. 

Setting time is tested Vicat apparatus. 
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The Ethiopian standard ESC.DS.201 also classifies Portland cement into: 

Even if the raw materials and the manufacturing process are the same; different types of cement 

are in use today. The difference in properties of the various kinds of cement arises from the 

relative proportions of the four major compounds. 

Ordinary Portland Cement (Type O): It is the most important type of cement and  classified 

into three grades, namely 32.5 grade, 42.5 grade and 52.5 grade depending upon the strength of 

the cement at 28 days when tested as per ASTM IS 4031- 1988.  

One of the most important benefits of OPC is the faster rate of development of strength. The 

manufacture of OPC is decreasing all over the world in view of the popularity of blended cement 

on account of lower energy consumption, environmental pollution, economic and other technical 

reasons [31].  

Ordinary Portland (Type-I) cement is suitable for general concrete construction when there is no 

exposure to sulphates in the soil. The standard requires that it is made from 95 to 100 percent of 

Portland cement clinker and 0 to 5 percent of minor additional constituents. Minor additional 

constituents are one or more of the other cementitious materials or filler. Filler is defined as any 

natural or inorganic mineral material other than a cementitious material [14]. The experiment is 

used Ordinary Portland Cement locally produced, Dangote and Derba Cement.  

Portland Pozzolana Cement (Type IP): Pozzolana is used to describe naturally occurring and 

artificial siliceous materials, which in themselves possess little or no cementations value, but 

will, in finely divided form and in the presence of moisture, chemically react with calcium 

hydroxide at ordinary temperatures to form compounds possessing cementations properties. 

     Portland pozzolana cement (PPC) is manufactured by blending 20-30% by weight of pozzolanic 

material with ordinary Portland cement (OPC); either by simple mixing or by inter -grinding 

with cement clinker.  

Portland-Pozzolana cements gain strength slowly and therefore require curing over a 

comparatively long period, but the long-term strength is high. Hence, it is suitable for use in 

mass concrete structures (such as in dams and bridge piers). It  also economical ,  because costly 

clinker is replaced by cheaper Pozzolanic material, soluble calcium hydroxide is converted into 

insoluble cementitious products resulting in improvement of permeability, and  reduced heat of 
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hydration and that too at slow rate, the long term strength of PPC beyond a couple of months is 

higher than OPC if enough moisture is available [33].  

2.2.1.2 Aggregates 

Concrete contains about 70-75% aggregates and its strength and durability is greatly influenced 

by the properties of aggregates used in concrete production [34]. Concrete aggregate is a more or 

less inert, granular, usually inorganic material consisting normally of stone(s) or stone like 

solid(s). Typical examples are sand, gravel, crushed stone, and crushed slag. The use of 

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

from technical and economical standpoints. 

Aggregates can be classified in several different ways. One of the most frequently used 

classifications is according to the sizes of their grains or particles.  

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. Fine aggregates generally consist of natural sand or crushed 

stone with most particles smaller than 5 mm. Coarse aggregates consist of one or a combination 

of gravels or crushed stone with particles predominantly larger than 5 mm and generally between 

9.5 mm and 37.5 mm.  

Aggregate’s shape, texture and grading have a significant effect on the performance of fresh 

concrete. Aggregate blends with well-shaped, rounded, and smooth particles require less paste 

for a given slump than blends with flat, elongated, angular, and rough particles. At the same 

time, uniform grading with proper amounts of each size result in aggregate blends with high 

packing and low water demand. Optimized aggregate blends have high packing, requiring low 

amounts of paste. As a result, they are less expensive and have less durability problems caused 

by the paste such as heat generation, porosity, and drying shrinkage [6].                                         

  Classification of Aggregates  

Aggregates can be divided into several categories according to different criteria, such as size, 

source and unit weight.  
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• In accordance with size 

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

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

retained   on the No. 200 (75 μm) sieve [35].  

• In accordance with unit weight 

 Light weight aggregate: The unit weight of aggregate is less than 1120 kg/m3 and the 

corresponding concrete has a bulk density less than 1800 kg/m3[ASTM C 330]. 

Lightweight Aggregate (1) - Expanded Shale, Clay, Slate and Slag. Lightweight  

Aggregate (2) - Pumice ,Scoria ,Perlite ,Vermiculite and Diatomite  

 Normal weight aggregate: The aggregate has unit weight of 1520-1680 kg/m3. The 

concrete made with this type of aggregate has a bulk density of 2300-2400 kg/m3 [ASTM 

C33]. Most common aggregates are Sand, Gravel and Crushed stone. 

 Heavy weight aggregate: The unit weight is greater than 2100 kg/m3. The bulk density of 

the corresponding concrete is greater than 3200 kg/m3 [ASTM C 637, C 638]. 

Heavyweight Aggregate - Barite ,Limonite , Magnetite , Ilmenite ,Iron ,Steel punching or 

shot ASTM C 637, C 638 (Radiation Shielding).  

• In accordance with source:  

 Natural aggregates: According to Legg 1974 , it is taken from natural deposits , is not 

changed artificially during aggregate production, although the aggregate itself may be 

submitted to manufacturing processes, such as crushing, washing, sieving, and so on. 

 Manufactured aggregates: It is artificial aggregate, often as a by-product or waste, by 

certain manufacturing processes like heating from naturally occurring materials. A 

typical example for this is crushed blast-furnace slag.  

           Properties of Aggregates 

According to Neville and Brooks (1990), aggregates constitute a skeleton of concrete and three-

quarters of the volume of conventional concrete. Aggregate is usually viewed as an inert 

dispersion in the cement paste. However, strictly speaking, aggregate is not truly inert because 

physical, thermal, and, sometimes, chemical properties can influence the performance of 

concrete. 
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Physical Properties 

Physical properties of aggregate like specific gravity, porosity, thermal, and the chemical 

properties of an aggregate are attributed are considerable importance to the quality of the 

concrete. However, shape and surface texture in artificial aggregates are attributed from the 

mode of production [36].  

Some common physical properties of aggregated that are relevant to the behavior of aggregates 

and discussed here. 

A. Specific Gravity 

According to ASTM C 127-04, specific gravity is defined as the ratio of density of materials to 

density of distilled water at a stated temperature. Specific gravity of aggregate is also required in 

calculating the compacting factor in connection with the workability measurements. Average 

specific gravity of the rocks varies from 2.6 to 2.8 and it is dimensionless.  

B. Bulk Density  

It is necessary to know the mass of aggregate that would fill a container of unit volume, when 

batching is made by volume. This is known as the bulk density of aggregate. It clearly depends 

on how densely the aggregate is packed, size distribution and shape of the particles. The shape of 

the particles greatly affects the closeness of packing that can be achieved [30].  

 C.  Porosity and Absorption 

  Porosity and absorption of aggregate will affect the water to cement ratio .The porosity, 

permeability and absorption of aggregates influence the bond between the aggregate and cement 

paste, the resistance of concrete to freezing and thawing, as well as chemical stability properties, 

resistance to abrasion, and specific gravity. According to Dolch (1966), the term porosity refers 

to the volume inside the individual aggregate pieces that is not occupied by solids. It does not 

refer to the inter-particle voids in a packing of pieces. The pores in aggregates very in size over a 

wise range, but even the smallest pores are in larger than the gel pores in the cement past.  

D. Particle Shape and Surface texture  

The particle shape and surface texture of aggregates are more influence on the properties of 

freshly mixed concrete than hardened concrete. Rough-textured, angular, elongated particles 

require more water to produce workable concrete than do smooth, rounded, compact aggregates. 

Hence, aggregates particles that are angular shape require more cement to maintain the same 

water cement ratio. Angular or poorly graded aggregates can also be more difficult to pump [6].  
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Also, the surface texture of aggregates has significant influence on the fluidity of fresh concrete 

and the bond between aggregate and cement paste of hardened concrete [36]. 

Chemical Properties of Aggregates 

A mineral is a naturally occurring solid substance with an orderly internal structure and a 

chemical composition that ranges within narrow limits. Mineral aggregates are chemically 

inactive in concrete, but they may commonly contain reactive substances that are harmful to 

concrete if present in excess quantities. Such substances are called deleterious materials [21]. 

Three broad categories of deleterious substances that may be found in aggregates: a) impurities 

which interfere with the processes of hydration of cement; b)coatings preventing the 

development of good bond between aggregate and the hydrated cement paste; c) certain 

individual particles which are weak or unsound in themselves[30]. 

The presence of fines may also reduce the permeability of the concrete and also excess of fines 

Poijarvi (1966) the following effects:  

     1. Causes reduction in the workability, particularly in the case of granite dust;  

           2. Increases the shrinkage of concrete;  

           3. May reduce the entrained air content; and 

           4. Impairs its durability.  

     Mechanical Properties of Aggregates  

Aggregate characteristics that are shape, texture, and grading influence workability, finishability, 

bleeding, pumpability, and segregation of fresh concrete and affect strength, stiffness, shrinkage, 

creep, density, permeability, and durability of hardened concrete. Construction and durability 

problems have been reported due to poor mixture proportioning and variation on grading Lafrenz 

(1997). 

If aggregate voids are minimized, the amount of paste required for filling these voids is also 

minimized to maintain workability and strength. Consequently, optimal mixture proportioning 

will produce good-quality concrete with a minimum amount of cement. Within limits, the less 

paste at a constant water-cement ratio, the more durable the concrete [Shilstone, 1994]. The 

workability of concrete changes significantly with grading. Mixtures with high void contents 

require more paste for a given level of workability. 
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Both the shape and surface texture of aggregates influence the strength of concrete, especially for 

high strength concrete. Generally, flexural strength is more affected than compressive strength. 

Rougher texture results in a greater adhesion or bond between the particles and cement matrix.  

The water requirement of round and/or smooth particles is less than that of angular and/or rough 

particles, especially for fine aggregates; On the other hand, coarse aggregate roughness increases 

the tensile and flexural strengths of the concrete. 

It is generally understood that the compressive strength of concrete cannot significantly exceed 

the major part of the aggregate contained therein, although it is not easy to determine the 

crushing strength of the aggregate itself. The required information about the aggregate particles 

has to be obtained from indirect tests, such as crushing strength of prepared rock samples, 

crushing value of bulk aggregate, and performance of aggregate in concrete. The aggregate 

crushing value (ACV) test is prescribed by different standards, and is a useful guide when 

dea1ing with aggregates of unknown performance [21] 

Characteristics of Aggregates 

The following external characteristics of aggregates in the formation of concrete are importance, 

particularly like:  

 Grading and Size Distribution of Aggregates 

The particle size distribution of aggregates is called grading. Grading determines the paste 

requirement for a workable concrete since the amount of voids among aggregate particles 

requires the same amount of cement paste to fill out in the concrete mixture. To obtain a grading 

curve for an aggregate, sieve analysis has to be conducted.  

Five size distributions are generally recognized: dense, gap graded, well-graded, uniform graded, 

and open graded. The dense and well-graded types are essentially the wide size ranges with 

smooth distribution. 

The dense graded is for coarse aggregate and well-graded for fine aggregate. Gap grading is a 

kind of grading that lacks one or more intermediate size. For uniform grading, only a few sizes 

dominate the bulk materials. 

Open grading is defined as being under compact conditions, the voids among the aggregate are 

still comparatively large. Also, the smaller size of aggregate usually dominates the bulk and can 

be easily disturbed by small cavity [36].  
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 Grading of Aggregate 

The maximum size of aggregate practicable to handle under a given set of conditions should be 

used. Using the largest possible maximum size will result in reduction of the cement content, 

reduction in water requirement, and reduction of drying shrinkage. 

The maximum aggregate that can be used in any given condition may be limited due to thickness 

of section, spacing of reinforcement, clear cover and mixing, placing and handling techniques of 

concrete. 

 Fineness Modulus 

To characterize the overall coarseness or fineness of an aggregate, the concept of a fineness 

modulus is developed. The fineness modulus is defined as [according to ASTM C 125] 

            Fineness modulus = (cumulative retained percentage)/100 

It is used as an index to the fineness or coarseness. 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. It is useful in estimating proportions of fine and coarse aggregates in concrete 

mixtures. 

 Particle Shape 

The shape of aggregate is an important characteristic since it affects the workability of concrete. 

 Not only will the characteristic of the parent rock, but also the type of crusher used 

influence the shape of aggregates. 

 From the standpoint of economy in cement for a given w/c ratio, rounded aggregates are 

preferable to angular aggregates. 

 Angular aggregates give higher strength and sometimes greater durability as a result of 

interlocking texture in the hardened concrete. 

Flat particles in concrete aggregates will have particularly objectionable influence on the 

workability, cement requirement, strength and durability. In general, excessively flat aggregates 

make very poor concrete [37]. 
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Table 2. 2 Commonly used sieve designation and the corresponding opening 

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
                                                                  

 

 

 
    

 

 

 

 

 

                                            Figure 2.4 Five types of aggregate gradation 

Sieve Designation Nominal size of sieve opening 

3 in 75 mm 

1.5 in 37.5 mm 

¾ in 19 mm 

3/8 in 9.5 mm 

No. 4 4.75 mm 

No. 8 2.36 mm 

No. 16 1.18 mm 

No. 30 600 µm 

No. 50 300 µm 

No. 100 150 µm 

No. 200 75 µm 
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2.2.2 Ready Mix Concrete 

This section is focused on overall importance of ready mixed concrete, its application and 

challenges during selection of materials and how to maintain and control quality of the products 

had been reviewed.  

2.2.2.1 General Feature of Ready-Mix Concrete 

Ready-mix concrete (RMC) is a ready-to-use material, with a predetermined mixture of cement, 

sand, aggregates and water. It is a type of concrete manufactured in a factory according to a set 

recipe or as per specifications of the customer, at a centrally located batching plant [38]. The 

Concrete is mixed in a stationary mixer in a central batching and mixing plant or in a truck-mixer 

and supplied in fresh condition to the purchaser either at the site or into the purchaser’s vehicles. 

RMC is particularly used when building activity is located in congested sites where small space 

is available for sitting the mixer and for stock piling of aggregates and for the construction of 

high rise building. In addition, RMC is facilitates and speed up construction works through 

programmed delivery at the site and mechanized operation with consequent economy and better 

quality of concrete product are obtained. It also decreases labor, site supervising cost and project 

time. It minimizes cement wastage due to bulk handling and no dust problem and pollution-free 

[39].  

Ready mixed concrete can be manufactured by any of the following methods [40]: 

 Central-mixed concrete is mixed completely in a stationary mixer and is delivered 

either in a truck agitator, a truck mixer operating at agitating speed, or a non-agitating 

truck.  

 Shrink-mixed concrete is mixed partially in a stationary mixer and completed in a 

truck mixer.  

 Truck-mixed concrete is mixed completely in a truck mixer. 

2.2.2.2 Application and Challenges of Ready Mixed Concrete 

Ready Mixed Concrete is used in Self-Compacting Concrete (SCC), Mass Concrete, and 

Monolithic Concrete for Industrial Floors, Roller-Compacted Concrete, Slip form Concrete, 

Sprayed Concrete, Wet Precast Concrete, Tunnel Segment Concrete and Semi-dry Concrete 

using Crane, Bucket Concrete and Pumped Concrete. 
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However, RMC has limitations like requires huge initial investment, effective transportation 

system from RMC to site to transit the concrete. It also demand large area covered 

formworks and placing arrangement in advance before the concrete bought in larger amount.  

Moreover, loss of flowablity and workability are also the challenge of such RMC transit to 

the site and for placing, compacting and finishing of concrete. Thus, it will demand 

additional water or admixtures to maintain the workability as per the specification. At site, 

the QA or QC engineer are supposed to check the workability through slump test before 

using it for construction. 

     2.2.3 Concrete Admixtures 

Nowadays ordinary concrete may fail to exhibit the required quality performance or 

durability during being used for wide varieties of purposes to make it suitable in different 

conditions. Since admixture is used to modify the properties of ordinary concrete so as to 

make it more suitable for any situation.  

Concrete admixtures are special chemicals added to the batch before or during mixing. An 

admixture is “Material, other than water, aggregates, hydraulic cement, and fiber 

reinforcement used as an ingredient of   cementitious mixture to modify its freshly mixed 

and hardened properties (ASTM C125-68).” Admixture can be a single or a blend of several 

chemicals and may be supplied as powders but most are aqueous solutions because it is 

easier to accurately dispense into, and then disperse through the concrete [41].  

2.2.3.1 Types of Admixtures 

According to Joseph and James April 2006, there are basically two main types of 

admixtures. Such are mineral admixtures and chemical admixtures [42].                

1. Mineral Admixtures 

Mineral admixture is refer to different types of water insoluble, finely divided materials 

such as pozzolanic materials, cementitious materials, and aggregate.  

A. Pozzolana admixtures:  

The pozzolanic materials are essentially siliceous or aluminous materials which possessing 

cementitious properties and react with calcium hydroxide, in the presence of water, liberated 
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in the hydration process to form compounds possessing cementitious properties. The 

pozzolanic materials used as admixtures are:   

 Natural pozzolana: Clay, Shale, Diatomaceous earth, Volcanic tuffs and Opaline 

cherts.  

 Artificial pozzolana: Fly ash, Surkhi, Blast furnace slag, Silica fume, Rice husk ash 

and Metakaoline.   

The pozzolana can be replaced with cement by 10 to 35 %. The substitution produces 

cement that is more permeable but more resistant to the action of salt, sulphates, or acid 

water. But its strength gain is usually slower than normal concrete [43].  

B. Supplementary Cementitious  Materials   

Supplementary cementitious materials are added to concrete as part it either to be used in 

addition to or as a partial replacement of Portland cement or blended cement in concrete. It 

depends on the properties of the materials and the desired effect on concrete. Supplementary 

cementitious materials are used to improve a particular concrete property like resistance to 

alkali-aggregate reactivity. Test should be conduct to establish optimum amount. Otherwise, 

it can be encountered harmful or undesired effect.  

Today, due to better access of Fly ash, slag, calcined clay, calcined shale, and silica fume, 

concrete producers can combine two or more of these materials to optimize concrete 

properties [6]. Mineral Admixtures are insoluble siliceous materials, used at relatively large 

amounts (15-20% by weight of cement). But can be dispensed as slurry. Fine particle size of 

siliceous material that can slowly react with CH at normal temperature to form cementitious 

products is as follows.  

 S + H-C  S + CH → (Normal Temp) 

Mineral Admixtures are low heat of hydration and transform large pores to fine pores. 

Historically, mineral admixtures are volcanic ashes and it significance are durability to 

thermal cracking, chemical attack, sulfate attack, workability. The following are general 

class of mineral admixture:  
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 Class N: Raw or calcined pozzolana. 

 Class F: Fly ash produced from burning bituminous coal. 

 Class C: Fly ash normally produced from burning lignite (sub bituminous) coal. 

(Both pozzolanic and cementitious. 

2. Chemical admixtures 

Chemical admixtures are substances that introduced into concrete mixes in order to alter or 

improve the properties of the fresh or hardened concrete or both. These changes are effected 

through the influence of the admixture on hydration, liberation of heat, formation of pores 

and the development of the gel structure. Concrete admixtures should only be used when the 

required modification cannot be made by varying the composition and proportions of the 

basic constituents’ materials, or when the admixtures can produce the required effect more 

economically. The specific effects of an admixture generally vary with type of cement, 

cement-water ratio, ambient conditions (particularly temperature) and its dosage.  

The properties commonly modified using admixtures are setting time, workability, early-

strength requirements or low water-to-cement specifications, durability, air-entrainment, 

strength of concrete, dispersion and resolve challenges presented by hot and cold 

temperatures. The admixture is generally added in relatively small quantity ranging from 

0.05% to 2% by weight of cement. Over-use of admixture has detrimental effects on the 

properties of concrete. The major reasons for using admixtures are:  

 To reduce the cost of concrete construction  

 To achieve certain properties in concrete more effectively than by other 

means  

 To maintain the quality of concrete during the stages of mixing, transporting, 

placing, and curing in adverse weather conditions  

 To overcome certain emergencies during concreting operations 

 The effectiveness of an admixture depends upon factors such as type, brand, and amount of 

cementing materials; water content; aggregate shape, gradation, and proportions; mixing 

time; slump; and temperature of the concrete [6]. 
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Trial mixtures should be made with the admixture and the job materials at temperature and 

humidity anticipated on the job. In this way the compatibility of the admixture with other 

admixtures and job materials, as well as the effects of the admixture on the properties of the 

fresh and hardened concrete, can be observed. The amount of admixture recommended by 

the manufacturer or the optimum amount determined by laboratory tests should be used. 

Concrete admixtures are designed to alter or give specific properties to concrete when added 

during the mixing process. Most chemical admixtures react chemically with the cement in 

concrete. Among the chemical admixtures, the followings are major one [6]. 

A.  Air-Entraining Admixtures 

An admixture for concrete or mortar which causes air to be incorporated in the form of 

minute bubbles in the concrete or mortar during mixing, usually to increase workability and 

resistance to freezing and thawing and disruptive action of de-icing salts.  ACI 116R defines 

an air-entraining admixture or agent (AEA), as "an addition for hydraulic cement or an 

admixture for concrete or mortar which causes entrained air to be incorporated in the 

concrete or mortar during mixing, usually to increase its workability and frost resistance." 

B.  Accelerating Admixture or Accelerator  

An admixture when added to concrete, mortar or grout, increases the rate of hydration of 

hydraulic cement, shortens the time of set, or to increase the rate of setting, or the rate of 

early hardening, or both (ASTM C 494-86, Type C and Type E). The benefits of an increase 

in the early strengths may include: (1) earlier removal of forms; (2) reduction of the required 

period of curing and protection; (3) earlier placement in service of a structure or a repair; 

and (4) partial or complete compensation for the effects of low temperatures on strength 

development. 

Also, the benefits of a reduced setting time may include; early finishing of surfaces, 

reduction of pressure on forms and more effective plugging of leaks against hydraulic 

pressure. 
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C. Water Reducing Admixture or Workability Aid  

An admixture which either increases workability of freshly mixed mortar or concrete 

without increasing water content or maintains workability with a reduced amount of water. 

Various results can be expected with a given water-reducing or set-controlling admixture 

due to differences in dosage, cements, aggregates, other admixtures, and weather conditions. 

Therefore, laboratory trial mixes should be run for the evaluation of the admixture prior to 

job use. ASTM C 494-86 is a useful guide for such tests. 

D. Retarding Super-plasticizing Admixture  

Set-retarding admixtures are used primarily to offset the accelerating effects of high 

temperature, and to keep concrete workable during the entire placing period. Set retarders 

are also used to keep concrete plastic for a sufficiently long period so that succeeding lifts 

can be placed without development of discontinuities in the structural unit. 

E.  Super-plasticizing Admixtures 

It is an admixture for mortar or concrete which imparts very high workability or allows a 

large decrease in water content for a given workability. ASTM C494 specifies that high-

range water- reducing admixtures (Types F and G) should reduce the quantity of mixing 

water required to produce concrete of a given consistency by at least 12 percent and it may 

produce as much as 30 percent water reduction. In contrast, the range of water reduction of 

conventional plasticizers is around 5 to 10 percent [30].  

There are also special admixtures which include corrosion inhibitors, shrinkage control, 

alkali-silica reactivity inhibitors, and coloring. Figure 2.5 shows the general type of 

chemical admixtures and their family as per European Standard EN 934 introduced. 

                                        

                                                

 

Figure 2.5 Types of Chemical Admixtures 
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2.2.3.2 Superplasticzers 

Super plasticizers are a type of organic chemical admixtures that are used by manufacturers 

to improve dispersion, hydration and workability properties of concrete [8]. Super-

plasticizers constitute a relatively new category and improved version of plasticizer, which 

was developed in Japan and Germany during 1960 and 1970 respectively. They are 

chemically different from normal plasticizers. Use of Super plasticizers permits the 

reduction of water to the extent up to 30 per cent without reducing workability in contrast to 

the possible reduction up to 15 per cent in case of plasticizers. It also has practiced for 

production of flowing, self- leveling and self-compacting for the production of high strength 

and high performance concrete [9].  

Water reducers are classified broadly into two categories: (1) normal and (2) high range. 

The normal water reducers are also called plasticizers, while the high-range water reducers 

are called Superplasticizer [37]. In the ASTM terminology, Superplasticzers are referred to 

as Type F admixtures; when the Superplasticzers are also retarding they are called Type G 

admixtures. The specific effects may vary with the properties and proportions of the other 

ingredients of the mix. It does not alter fundamentally the structure of hydrated cement 

paste, the main effect being a better distribution of cement particles and, consequently, their 

better hydration. The effectiveness of water-reducing admixtures with respect to strength 

varies considerably with the composition of cement, being greatest when used with cements 

of low alkali or low C3A content [30]. 

The basic advantages of super-plasticizers are (1) high workability of concrete, resulting in 

easy placement without reduction in cement content and strength; (2) high strength concrete 

with normal workability but lower water content; and (3) a concrete mix with less cement 

but normal strength and workability [44]. 

The super-plasticizers also produce a homogeneous, cohesive concrete generally without 

any tendency for segregation and bleeding. It also produces flowing concrete in situation 

where placing in accessible locations, in floor or pavement slab or where very rapid placing 

is required. A second use of Superplasticizer is in the production of very high strength 

concrete, using normal workability but a very low water/cement ratio [44]. This literature is 
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focused in a study of high-range water reducers, their mode of action and its effects on 

plastic and hardened concrete properties. 

 Superplasticzers Types                                                                                                                

Overall, four different Superplasticizer categories can be defined (15): 

a) Naphthalene-sulfonate based Superplasticzers (SNF) [12].  

b) Melamine-sulfonate based Superplasticzers (SMF) [13]. 

c) Lignosulfonate based Superplasticzers (MLS) [14], and  

d) Polycarboxylates ether-based Superplasticzers.   

(a), (b), and (c) super plasticizers type were widely used in the past century being also 

named as 1st and 2nd generation super plasticizers. (d) Super plasticizers type was described 

in the 90’s, the so called 3rd generation super plasticizers, being currently widely used in the 

cement industry. In contrast with the older Superplasticizer generations this kind of super 

plasticizers improves the dispersion of cement particles by electro-steric repulsions. There 

also four classes of Superplasticzers that are generally used for concrete as given below:  

 Sulphonated melamine formaldehyde condensates – It is suitable in low 

temperature areas  – dosage: 0.5 - 3% by weight of cement  

 Sulphonated naphthalene formaldehyde condensates – It is more suitable in high 

temperature areas  – dosage: 0.5 - 3% by weight of cement  

 Modified Ligno sulphates – It is suitable for conditions where temperature 

variation is high  – dosage not more than 0.25% by weight of cement  

 Carboxylated admixture – It is suitable where workability is required to be 

retained for large duration. The Superplasticizer is adsorbed onto the cement 

particles, thereby lowering inter-particle attraction and producing a more 

uniform dispersion of cement grains as with a normal water-reducer.  

The mechanism of Superplasticizer action is gives the cement particles highly negative 

charge to repel each other due to the same electrostatic charge. By deflocculating the cement 

particles, more water is provided for concrete mixing (15). For general usage, dosage of 

Superplasticizer is between 1- 3 L / m3.  However, the dosage can be increased to as high as 
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5 - 20 l/m3. Effectiveness of a given dosage of Superplasticizer depends on the water/cement 

ratio. It increases when w/c decreases. Compatibility with actual cement is one of the most 

important parameters that needed to be considered, and it is not recommended that the 

cement and Superplasticizer conform the standard separately [15].  

When Superplasticizer is used, it can produce high workability concrete with constant 

cement content and strength, easy placing and compaction; concrete with normal 

workability, but lower water requirement; production of concrete with combination of high 

workability and low water content; and designing a normal strength and workability 

concrete with less cement content. In the fresh state, utilization of Superplasticizer will 

normally reduce tendency to bleeding due to the reduction in water to cement ratio or water 

content of concrete. However, if water to cement ratio is maintained, there is a tendency 

Superplasticizer will prolong the time of set of concrete as more water is available to 

lubricate the mix. In the case of hardened concrete, the use of Superplasticizer will increase 

compressive strength by enhancing the effectiveness of compaction to produce denser 

concrete. Risk of drying shrinkage will be reduced by retaining the concrete in liquid state 

for longer period of time. In addition, rate of carbonation become slower when water to 

cement ratio is decreased with the presence of Superplasticizer (16).  

 Properties and Characteristics of Superplasticzers   

The Superplasticizer is adsorbed onto the cement particles, thereby lowering inter-particle 

attraction and producing a more uniform dispersion of cement grains as with a normal 

water-reducer. Basically, the dispersion mechanism of concrete is mainly based on steric 

hindrance effect of Superplasticizer. The graft chains of the polymer molecules on the 

surface of cement would hinder by themselves from flocculating into large and irregular 

agglomerates of cement particles. Steric hindrance effect stabilizes the cement particle 

capacity to separate and disperse thereby retaining the dispersed structure for the longer 

time. It gives concrete mix “Slump retention” for the longer time period [17].        

Different types of Superplasticizer will normally have different molecular structure, affected 

by the manufacturing process .Its chemical structure consists of main chain and side chain  
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with different length and density, and have different effectively in increasing the workability 

of concrete mixture.  

The effect of Superplasticizer in concrete fresh mixture depend up on its dosage and 

distribution in mixture .Very low dosage will not affect the rheological behavior of fresh 

concrete, and on the other hand very high dosage may cause detrimental effect such as 

bleeding and segregation remarks that there are critical dosage and saturation dosage of SP 

in the mixture [17].  

The plasticizing action of many high-range water-reducing admixtures, usually anionic in 

nature, is similar to that of conventional plasticizers. However, Superplasticizer produces 

much higher degree of dispersion [45]. Adsorption, viscosity and zeta potential values, 

obtained at different concentrations of a HRWRA, show a definite deviation at about the 

same concentration of the Superplasticizer, indicating the existence of an electrostatic 

repulsion of the cement particles. Hattori (1979) said that HRWRA admixtures do not affect 

the surface tension of water significantly; therefore, they can be used at higher dosages 

without obtaining excessive air entrainment as a side effect. Note also that high-range water 

reducers do influence air entrainment Tynes (1977). Certain air-entraining admixtures have 

been reported to be more effective with certain Superplasticzers in the production of 

adequate air entrainment as stated in ACI [1989]. 

High-range water-reducing admixtures have been found to be effective with all types of 

Portland cement and many other hydraulic types of cement similarly to the conventional 

plasticizers, although exceptions have also been reported Johnston (1987). It has been found 

in some cases that higher SO3 content may be desirable when using HRWRA. Super-

plasticizers have not been effective in concretes made with high-alumina cement Quon 

(1981). 

 Effects of Superplasticzers Concrete Properties                                                                         

A water reduction of 12% to 30% can be obtained through the use of these admixtures. The 

reduced water content and water-cement ratio can also produce concretes with ultimate 

compressive strengths in excess of 70 MPa; increased early strength gain; reduced chloride-
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ion penetration and other beneficial properties associated with low water-cement ratio 

concrete [46]. 

The super-plasticizers have positive effects on properties of concrete, both in the fresh and 

hardened states. In the fresh state, Superplasticizer normally reduce tendency to bleeding 

due to the reduction in water/ cement ratio or water content of concrete. However, if water/ 

cement ratio is maintained, there is tendency that Superplasticizer prolong the time of set of 

concrete as more water is available to lubricate the mix [46].  

In the case of hardened concrete, the use of Superplasticizer will increase compressive 

strength by enhancing the effectiveness of compaction to produce denser concrete. Risk of 

drying shrinkage will be reduced by retaining the concrete in liquid state for longer period 

of time. In addition, rate of carbonation become slower when water/ cement ratio is 

decreased with the presence of Superplasticizer [47, 48].  

Rheological Behavior of Fresh Concrete  

The primary requirement of fresh concrete is readily consolidated in forms and around the 

reinforcement without excessive bleeding or segregation by maintaining wetness or fluidity 

of concrete. Fresh concrete represented by aggregate grains in a continuum of cement 

particles and water (paste). One of such fresh concrete properties is workability. It is 

considered to increase or improve as the ease of placement, consolidation, and finishing of a 

concrete increase. The workability of fresh concrete plays a major role in microstructural 

development and subsequent development of properties of hardened concrete and also 

affects its mechanical properties. Due to the physical characteristics of cement particles, the 

particulate structure involved in formation of networked different size floes. Depending on 

the forces present, this flocculation has a considerable effect on the rheological behavior of 

fresh concrete and the fluid will be become immobilized between the particles that stick 

together. Also, it is entailing a rigidity which is reflected in elastic behavior and generates 

yield stress. 

 In the concrete industry, workability is defined as “the ease and homogeneity for which the 

concrete or mortar can be placed, consolidated and finished”. Ideally, concrete workability 

should be characterized by its rheological properties, thus establishing a materials science 
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basis. These properties are usually defined as the Bingham (1992) parameters: yield stress 

and plastic viscosity. Yield stress is defined as the minimum stress required for producing a 

shear flow in viscoelastic fluid. Cheng.et.al. (1998) pointed out that, for yield stress fluids in 

general it is a time-dependent property. Upon yielding, the flow properties show time 

dependency indicating a degradation of structure with continued shear, finally developing 

equilibrium or time-independent flow properties which still exhibit a yield stress. So, 

viscoelastic deformation under external forces may take place Taylor (1990).  
  
Rheology defines as the study of the deformation and flow of matter Barnes et al. (1989). 

Deformation is the relative displacement of points of a body and divided into two types: 

elasticity and flow. Elasticity is reversible deformation that the deformed body recovers its 

original shape and the applied work is largely recoverable. Flow is irreversible deformation 

process and when the stress is removed the material does not return to its original form. This 

means that work is converted to heat. Viscoelastic materials show both elasticity and flow. 

 

The rheology of superplasticized cement paste, mortar or concrete can be affected by the 

following factors Sakai E, et al. (2003),  

•  the amount, the chemical composition and the molecular structure of the admixture; 

•  the chemical composition of cement (especially C3A content and availability of 

soluble sulfates during the workable period); 

• the specific surface of cement; 

Chemical Admixtures are added to concrete at the time of mixing of its constituents to 

impart workability. The requirement of right workability is the essence of good concrete. It 

has been found that the use of optimum use of admixtures is very important since low 

dosage may result in loss of fluidity and over dosage could lead to segregation, bleeding, 

excessive air entrainment in concrete. Hence, it is essential to find optimum dosage of 

Superplasticizer for getting good strength and workability. But, large numbers of trial tests 

are required in Laboratory or in the field to find the saturation dosage of Superplasticizer in 

concrete which requires more materials and consume more time Dhanya et al. (2018). 

In common practice, an assumption is made that the standard test for slump of concrete 

(ASTM C 143) (ASTM 1994c) indicates workability. In fact, slump values correlates well 
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with one component of workability: the yield stress of the concrete. Plastic viscosity is also 

an essential component of concrete workability but is not indicated by slump. However, 

March Cone is a simple device for measuring viscosity by observing the time it takes a 

known of liquid to flow through a cone to shout tube.  

Compatibility of Superplasticizer and Cement 

In order to meet the performance requirements of concrete for various infrastructure 

projects, concrete mixtures have to be designed and produced using combination of different 

cementitious materials with water, aggregate and chemical admixtures. The active 

constituent of concrete is cement paste and largely it determines the performance of 

concrete. Admixtures in concrete confer some beneficial effects such as air entrainment, 

water reduction, plasticity, etc. on the cement paste. Also setting time acceleration / 

retardation can be achieved by the use of admixtures. Addition of some particular admixture 

may develop undesirable interaction between varying ingredients of concrete. Many times 

addition of admixture beyond certain limit may show incompatibility. The term 

“incompatibility” has been applied to various types of abnormal performance characteristics 

of concrete in both plastic and hardened stages, including setting and strength gain issues, 

excessive slump losses and increased water demand. Marsh cone test is used to formulate 

the optimum dose of 

particular admixture to the cement thereby avoiding cement-admixture incompatibility. For 

high Strength concrete and high performance concrete, depending on location i.e. distance 

of site from the plant, the retention time of the concrete plays important role. Because of 

retention time, the workability of concrete mix is increased as well as other properties like  

flowability, setting time of concrete is enhanced Durgesh  [2016]. 

Aïtcin et al. (1995) favour the use of a Marsh cone for the determination of the time required 

for a specified volume of paste containing the given cement and Superplasticizer to flow 

through an orifice. Generally, this time is known as Marsh flow-time, decreases with an 

increase in the Superplasticizer dosage up to a value beyond which there is little 

improvement. This is the optimum dosage [29]. 
 

The rheology of paste is characterized by Marsh cone test, according to standard ASTM 

C939-02. Based on this standard the measurement of flow time is connected to the paste 
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fluidity. It means that longer the flow time, the lower is the grout fluidity. This test enables a 

paste design regarding several factors like SP dosage, among others. Thus, the Marsh cone 

test is used to optimize the amount of SP dosage.  

The most common problem in the application of water reducers in concrete is 

incompatibility, which refers to the abnormal behavior of a concrete due to the 

Superplasticizer used. Common problems include flash setting, delayed setting, rapid slump 

loss, and improper early-age strength development. These issues in turn affect the hardened 

properties of concrete, primarily strength and durability. Compatibility between cements and 

Superplasticizer is affected by many factors, including cement composition, admixture type 

and dosage, and concrete mixture proportions [36]. 

2.3. Empirical Review  

2.3.1 Superplasticizer Dosage 

In very recent times, the use of super plasticizers was a milestone in modern concrete 

technology and in the related field of construction. Super plasticizers are commonly known 

as High Range Water Reducers (HRWRA). ASTM C 494-86 specifies that high-range water 

reducing admixtures (Types F and G) should reduce the quantity of mixing water required to 

produce concrete of a given consistency by at least 12 percent. This specification is quite 

conservative since a HRWRA may produce as much as 30 percent water reduction [49]. 

  Optimization is a process selecting of the best from a set of available options .In order to 

determine the optimum dosage for the admixture, an experimental investigation should be 

carried out and notice carefully the effect of over dosage of the SP admixture using different 

on trial mix experiment, together with one control mixed. Sine, the effects of Super 

plasticizers in fresh concrete mixture depends on its dosage, and rheological behavior of 

cement paste. Very low dosage has not significant effects on fresh mixture, and on the other 

hand very high dosage may cause determinate effect like bleeding and segregation.  It 

involves limitations of SP dosage on different brands of types of choosing the best variants 

of mix by comparing their performance against economical and mechanical properties as 

well as durability of the material [50]. 

In this manner, the production of concrete of high performance and durability could be 

achieved, since Superplasticizer with high dosage has targeted to enhance desired 
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workability at a very low ratio of w/c. The Superplasticizer is poly-electrolytes of organic 

origin, which function like the dispersing chemical media in heterogeneous systems [18]. 

Optimum fluidizing effect at lowest dosage is an economical consideration. But compatible 

is the major problem to enhance and looks to be very complex. It could be solved by simple 

rough and ready field method, March Cone Method. It can be effectively used as useful tool 

for optimization of doses of Super plasticizer.  Like composition of cement, fineness of 

cement and the quantity of aggregates, its shape and texture in less extent will have also 

some influence [47].  

The recommended dosage to achieve the desired properties differs with the super 

plasticizer's type and manufacturer, the mix design, the temperature as well as the time of 

addition. The average molecular weight of the plasticizer is the primary importance for the 

efficiency of plasticizer in concrete. The higher the molecular weight, the higher is the 

efficiency. However, it should be noted that there is a maximum value of molecular weight 

beyond that the efficiency is expected to decrease. But it needs related properties of super 

plasticizers to compare its efficiency. 

The dosage of Superplasticizer influences the viscosity of grout and hence the workability 

of concrete. It has been reported in literatures that up to a dosage of about 3% by weight of 

cement there are no harmful effect on the hardening properties of concrete. Otherwise, 

higher dosage has affected the shrinkage and creep properties [51].  

 Also, the dosage of Superplasticizer has been investigated to have a significant effect on the 

properties of concrete. Researches were done on the influence of Superplasticizer dose of 

0.25, 0.3 and 0.35 percentages by weight of cement content on the performance of concrete 

mix. Superplasticizer dosage were from 0 to 2% by cement weight at 0.1% increments ,the 

best series as terminated when the mixture was showing sigh of bleed and/or 

segregations[50]. 

Superplasticizer varies depending on their type and manufacturer. They were reported that 

melamine based Superplasticizer show a higher rate of slump loss compared to other types 

of Superplasticzers [52].Two Superplasticizer that are based on melamine and naphthalene 

behaves identically. Mixes prepared with both admixtures became non workable after 3 

hours and went to zero slump after 4 hours. As the dosage of Superplasticizer increases, 
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workability increases and the rate of slump loss also decreases [53]. Overdosing the mixture 

will prolong workability even further, yielding an extremely high slump, but is likely to 

cause excessive segregation and bleeding.  

Moreover, workability is improved when use in retarding type of water reducer in 

combination with a Superplasticizer. When it uses a retarder, the dosage of Superplasticizer 

required achieving a desired slump decreases [54]. Workability is extended further when it 

uses a second generation Superplasticizer [50].  The amount of workability retention is 

increasing with the use of a higher dosage of super plasticizer. 

Another factor affecting workability is the time of addition of super plasticizers. As shown 

in Figure 2.6 [28], the capacity of super plasticizers to improve workability decreases with 

time. Use of highly compatible admixture with the given cement or vice - versa will also 

reduce the problem of slump loss.  

 

 

 

 

 

 

 

 

 

 

 

Figure 2.6 The Effect of time of addition of Superplasticizer 

 

When pure retarders are used at the time of mixing [First Generation], it may keep the 

concrete in a plastic condition over a long time. So, an appropriate dose of super plasticizers 

will be added in the initial stage to get desirable slump value for placing requirements. This 
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is possible only when concrete is conveyed by transit mixers. The retarding plasticizer or 

Superplasticizer retains the slump for longer periods which may be sufficient for placing. 

Otherwise ,it needs to  combat the slump loss is to give repetitive doses [Second Generation] 

at intervals and thereby boosting the slump so that required slump is preserved for long 

time. Hence, the fluctuation in transportation time is depending on traffic, plant location, 

and weather condition and needs a repeat dosage. The time interval should be chosen in a 

way that the concrete will have such a residual slump value which can be boosted up. When 

the concrete arrives at the pouring point, it will still have some residual slump but not well 

enough for placing by pump or by tremie. For pumping concrete you need a slump of 

around 100 mm and tremie placing the desirable slump is 150 mm. At this point, an 

appropriate dose of Superplasticizer is added to boost up the slump to required level [49]. 

Workability can be reinstated by repeated dosing with Superplasticizer. Generally repeated 

dosage does not deteriorate the concrete, but may result in loss of entrained air and increase 

the plastic unit weight. Repeated dosage improves workability for an extra 25 to 45 minutes 

regardless of the slump achieved after the first dosage. During improving workability the 

effectiveness of Superplasticizer decreases with the number of repeated dosages, and the 

rate of slump loss increases after each repeated dosage [56]. Other researchers found that the 

amounts of the second and third dosages are equal to the initial one [57]. Even reports 

indicated that the slump obtained after repeated dosing with Superplasticizer exceeded the 

slump obtained after the first dosage, and showed a more gradual rate of slump loss. 

The variability in cement with respect to compound composition, in particular C3A content, 

C3S/C2S ratio, fineness of cement, alkali content and gypsum content are responsible for the 

lack of compatibility with a particular type of Superplasticizer and their performance in 

concrete. Out of the above, C3A content will have over-riding influence on the performance 

of super plasticizer. SP do not significantly affect the setting of concrete except in the case 

of cements with a very low C3A content when there may be excessive retardation. Other 

long term of properties of concrete are not appreciably affected.  

Cement with low C3A content will be recommended to reduce problem of slump loss.  

Limited experimental have shown, 43.5 grade cement is better compatibility and 

performance than 32.5 or 52.5 grade cement [31]. However, it is recommended to delay the 

37 
 



 
  
addition for a few minutes until some of the C3A is removed from the mixture by hydration. 

This reduces slump loss considerably. 

At lower temperature, the loss in workability is reduced [58] and the dosage required to 

achieve a desired slump is significantly increased, especially for temperatures below 68°F 

(20°C) [54]. In order to overcome the problem of rapid slump loss, especially under hot 

weather, the addition of repeated dosages of Superplasticizer was found to be effective [59].  

Different brand of polycarbonate ether (PCE) Superplasticizer has different molecular 

structure, affected by the manufacturing process. Its chemical structures consist of main 

chain and side chains with different length and density, and will have different effect in 

increasing the workability of concrete mixture [60]. 

The water reducing additives of the naphthalene and lingo-sulfonate type are commonly 

used in a proportion of 0.2 to 1.5% (compared to cement) producing a water reduction of 

11-27%.  The polycarboxylates ethers are much stronger and are used in a proportion of 0.2 

to 1% of cement mass producing a reduction of water 20-40%.  

When BIF used as an additive the compressive strength increases and maximum at 1% 

dosage and then it becomes decreases. Hence, it is the optimal dosage. In all cases at a 

dosage of 0.6%, compressive strength increases significantly as compared to standard 

concrete without additives.  

Variances of chemical composition of cement and cement types may alter the critical dan 

saturation SP dosage. It may occur in between the shipments, and needs to obtain optimum 

dosage SP to adjust for a good and consistence results. The additions of supplementary 

cementitious materials can also reduce or increase the SP dosage requirements .Adding fly 

ash tend to reduce the SP dosage required to achieve the same workability, because of its 

chemical and physical properties [61]. 

2.3.2 Effect of Superplasticizer on Properties of Fresh Concrete 

Both in the fresh and hardened states, the utilization of SP will have accelerating & has 

significant effects on properties of concrete. The action of SP is mainly affects fluidity of 

the mix and improves the workability of concrete, mortar or grout.  

38 
 



 
  
Workability: The workability of concrete depends on the following factors: initial slump, 

type and amount of cement, type and dosage of super plasticizer, time of addition of super 

plasticizer, temperature, relative humidity, mixing conditions (total mixing time, type of 

mixer, and mixer speed), and presence of other admixtures [62]. Mixes with lower initial 

slump require a higher dosage of super plasticizer and mixes with higher initial slump were 

found to have a more gradual rate of slump loss.  

Workability is also affected by the cement type and cement content of the mix. It was found 

that to obtain the same workability, a higher dosage of Superplasticizer is required for Type 

I than for Type V cement [10, 63]. Super plasticizers differ depending on their type and 

manufacturer. It was reported that melamine based super plasticizers show a higher rate of 

slump loss compared to other types of super plasticizers. As the dosage of Superplasticizer 

increases, workability increases and the rate of slump loss decrease. Overdosing the mixture 

will prolong workability even further, yielding an extremely high slump, but it is likely to 

cause excessive segregation and bleeding.  

Another factor affecting workability is the time of addition of super plasticizers. The 

capacity of Superplasticzer to improve workability decreases with time. However, it is 

recommended to delay the addition for a few minutes until some of the C3A is removed 

from the mixture by hydration. This reduces slump loss considerably. At lower temperature, 

the loss in workability is reduced and the dosage required to achieve a desired slump is 

significantly increased, especially for temperatures below 68°F (20°C). Workability can be 

reinstated by repeated dosing with super plasticizers. Generally, repeated dosage does not 

deteriorate the concrete, but may result in loss of entrained air, and thus an increase in the 

plastic unit weight. Repeated dosage improves workability for an extra 25 to 45 minutes 

regardless of the slump achieved after the first dosage. The effectiveness of Superplasticizer 

in improving workability decreases with the number of repeated dosages, and the rate of 

slump loss increases after each repeated dosage. 

Air Content: In order to maintain better durability performance and extended service life in 

freezing and thawing environments, concrete must consists of a proper air-void system. For 

this, a suitable amount of entrained air-voids with accurate specific surface and spacing 

factor should be maintained in concrete. Concretes with high-range water reducers can have 
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larger entrained air voids and higher void-spacing factors than normal air-entrained 

concrete. However, laboratory tests have shown that concretes with a moderate slump using 

high-range water reducers have good freeze-thaw durability, even with slightly higher void-

spacing factors. This may be the result of lower water cement ratios often associated with 

these concretes [6].  

Air entrainment will affect directly resistance to freezing and thawing, workability 

improvement and reduction in strength [31]. Air content of concrete is increasing with an 

increasing of air-entraining dosage and it also affected by the fineness of sand, gradation 

and shape of the coarse aggregate, addition of mineral admixtures like fly ash in cement . 

An air-entraining admixture contains surface-active agents that have two poles: one is 

hydrophobic and the other hydrophilic. The agents are concentrated at the air–water 

interface; the hydrophilic side with water and the hydrophobic side with air as shown in 

Figure 2.7.  

 
                                 

 

So, in order to have adequate durability, the concrete should possess the right amount of air. 

Since higher strength concrete has lower permeability and improved resistance to cracking 

caused by internal stresses [64]. 

Segregation and Bleeding: Superplasticized concretes show increasing in bleeding 

compared to regular concretes with the same water to cement ratio due to the delayed setting 

time [65]. Superplasticized concrete shows much lower bleeding than non-Superplastered 

concrete [66]. It can be reduced so much segregation and excessive bleeding in flowing 

concrete using sufficient fines. In order to avoid segregation and bleeding problems in 

Figure 2. 7 The mode of action of the air -entrain admixture. 
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flowing concrete, adequate inspection should be provided during placing, consolidating and 

finishing operations, especially when using conveyor belt systems [67].  

Setting Time: Superplasticizer will prolong the setting time of concrete, if water/ cement 

ratio is maintained. If concrete is retained in liquid state for longer period the overall risk of 

drying shrinkage can be lowered in huge extent. Most importantly if SP is present, the water 

to cement ratio is lowered and it results slow rate of carbonation [68]. 

Generally, Superplasticizer delay both in initial and final setting time of concrete due to the 

process of hydration of cement [66]. The extent of the retardation depends on the type and 

dosage of Superplasticizer used. It is also important to study effects of SP during 

combination with the other. Melamine was found to have the least effect on setting time 

compared to other super plasticizers at the recommended dosage [69, 70]. 

 

Finishing: The finishing operation depended on the initial slump, temperature and age of 

the concrete is not as simple as it may seem. Mixes with less than one-inch slump were 

particularly hard to finish since the surface had very little mortar. During such course 

relatively the high volume of mortar to be formed on the surface. Thus, the surface becomes 

sticky and tends to shear or tear under the action of the trowel. This problem can be solved 

by using a mix with coarser fine aggregates and/or a larger amount of coarse aggregates. 

Another way to solve this problem is to delay the finishing operation until the concrete loses 

its stickiness and becomes easier to finish [71]. 

 

Unit Weight: The plastic unit weight of concrete increases after the addition of the super 

plasticizer. This is mainly due to the loss of air that usually occurs during the addition of the 

admixture. The increase in unit weight is also due to better consolidation of the concrete 

after the addition of Superplasticizer [72]. 

2.3.3 Effect of Superplasticizer on Properties of Hardened Concrete 

The utilization of Superplasticizer will have positive effects on properties of concrete on 

hard concrete .It will increase compressive strength by enhancing the effectiveness of 

compaction to produce denser concrete. Risk of drying shrinkage will be reduced by 

retaining the concrete in liquid state for longer period of time. In addition, rate of 
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carbonation become slower when water/ cement ratio is decreased with the presence of 

Superplasticizer [73, 74].   

Compressive Strength:  The addition of entrained air has a tremendous effect on strength. 

Usually, every 1 percent increase in air content results in a 3 to 5 percent loss in 

compressive strength. A part of this strength loss can be offset however, by using a lower 

water / cement ratio. In fact, the water /cement ratio needed to achieve certain workability is 

lower for air-entrained concrete compared to non-air-entrained concrete [75]. 

It can e categorically said that the use of right quality of plasticizers or super plasticizers 

when used in usual small dose (say up to 3% by weight of cement) there is no bad effect on 

the properties of hardened concrete. Only in case of bad quality lingo-sulphonate based 

plasticizer is used, it may result in air-entrainment, which reduces the strength of concrete. 

Since plasticizers and super plasticizers improve the workability, compactability and 

facilitate reduction in w/c ratio, and thereby increase the strength of concrete, it contributes 

to the all-round improvement in the properties of hardened concrete. As a matter of fact, it is 

the use of super-plasticizers, which is a pragmatic step to improve all-round properties of 

hardened concrete. [31]. 

Tensile Strength of Concrete: Two types of test are used to determine the strength of 

concrete.  

Flexural Strength: It is one measure of the tensile strength of concrete. It is measure of 

unreinforced concrete beam or slab to resist failure in bending. It is measured by loading  

plain concrete beam  100mm*100mm*500mm.The flexural strength is expressed in MPa  

and determine by the standard test methods ASTM C78 (third-point-loading) or ASTM C 

293(center loading )at least ,it fails due to cracking on the tensile face. 

Flexural Modulus of rapture is about 10 to 20 percent of compressive strength depending on 

the type, size and volume of coarse aggregates used. However, the best correlation for 

specific materials is obtained by laboratory.  

 

Split Tensile Strength: Concrete is not normally designed to resists direct tension, the 

knowledge of tensile strength is used to estimate the load under the cracking will develop. 

This is due to its influences on the formation of cracks and its propagation to the tension 

side of reinforced concrete flexural member. There is no direct relationship between the 
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compressive strength increase and the tensile strength, but it noticed that the tensile strength 

also increase when compressive strength increase, but at a decreasing rate.  

ASTM C 496 gives requirements for the testing apparatus, test specimen geometry, and load 

application for determining splitting tensile strength of cylindrical specimens. The testing 

machine should meet the requirements of ASTM C 39/C 39M.The cylinder is placed on its 

side and subjected to a diametric Compressive force along its length. The tension strength of 

concrete is much lower than its compression strength, which can be attributed to the stress 

concentration generated by the defects in the materials [32]. 

2.4. Research Gap  

 Superplasticizer has not shown the same extent of improvement in fluidity with all types of 

cements.  It may show higher fluidizing effect on some type of cement than other cement. 

There is nothing wrong with either the Superplasticizer or that of cement. The fact is that 

they are just not compatible to show maximum fluidizing effect. However, practically not 

common to conduct further study to determine the dosage of Superplasticizer that influences 

the fluidizing effect cement paste to get realistic dosage, rather it uses the manufacturer’s 

instructions directly. 

Hence, this research has been conducted to fulfill the gaps in current situation to optimize 

the use of Superplasticzers with locally produced cement and to familiarize compatibility 

issues of Superplasticizer and with various types of cement to enhance better workability 

and physical properties of concrete.  

 

 

 

 

 

 

 

Figure 2-8: Research Gap 
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CHAPTER THREE 

                                                     MATERIALS AND METHODS 

3.1 Introduction 

Concrete is a building material composed of cement, sand as fine aggregate, crushed rock as 

coarse aggregate, water and admixture. It is the most common building material that is used 

in today's construction industry. It can be cast in any desired shape and fashion and 

applicable for most building purposes. Also, its long life and relatively low maintenance 

requirements add to its popularity. It is obvious that, concrete can be produced by anybody 

through mixing of concrete ingredients, but the important point bear in mind is producing 

acceptable concrete quality with a reasonable economy. Hence, it is important to make 

physical characteristic tests on materials used for the investigation before any concrete 

experiments are carried out.  

This chapter reviews the materials and methods used in this study. The first section 

designates the overall research design, materials used, test parameters and specimen 

preparation, and then finally the experimental work. All the laboratory investigations are 

carried out in Addis Ababa Science and Technology University, Civil Engineering 

Department, Material laboratory. 

3.2 Research Design 
Nowadays, the compatibility study of cement Superplasticzers, desiring of workability and 

flowable of fresh concrete are considered important including looking for ultimate concrete 

strength and development of High Performance Concrete. However, it has been observed 

that there are limitations on defining the optimum dosage of Superplasticizer and 

overcoming compatibility problem on local cements and with superplasticzer. The purpose 

of these experimental design were determining optimized dosage of superplasticzer using 

different brand of cements and Superplasticzers with pre-determining of water to cement 

ratio (0.45 and 0.40) , to observe  the effects of Superplasticzer on workability of fresh 

concrete  and concrete strength at constant water to cement ratio  (w/c=0.45) . 

Figure 3.1 describes the process that undertaken to achieve the objective of this thesis. 

Laboratory experiments have considered series of these steps from preparation to form or 

creating test cubes and carried out the test, recoding the data properly. 
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                            Figure 3.1 Basic Steps Conducting Research  
 
 Variable Parameters 
 

                 Following are selected as the variable parameters in this study 

 To determine the effect of concrete components on overall concrete behavior, 

cement types, dosage of Superplasticzer and amount of water were selected as 

variables. 

  ACI 211.1 recommends the following components with the specified content to achieve 

good Concrete  

     For slumps  25 to 100mm,  

     A minimum cement content of 8 bags per m3 of concrete 

    Nominal maximum sizes of aggregates (20mm) 

     A maximum water content of 207 kg/m3 (w/c of 0.45) 

Variables were selected as follow: 

    Superplasticizer -  from 0%, to 2.5%  for Marsh Cone Test  

    Water to Cement ratio - 0.40 and 0.45   

    Superplasticizer -  0%, 0.5%, 1.0%, 1.5% and 2%  for Slump  Test   

   Water  -  5 li, 4 li, 3.85 li, 3.65 li and 3.5 li. 

   Cement-   Dangote and  Derba  

High Range Water reducing admixtures were used in the mixture in order to decide 

optimum dosage of superplasticzer and improve workability within the range of 

manufacturers recommended dosages. Marsh Cone Time and Slump values were recorded. 

 

   Fixed Parameters 

 According to sieve analysis test results, the fine aggregate and coarse aggregates sizes are   

determined and cement also considered based on ACI recommendations. 
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 ACI 211 Report (2002) 

  ACI 211 Report (2002) was followed to determine the appropriateness of the mix 

component values obtained based on the research mix design. For given w/c, the amount of 

cement, coarse aggregates and fine aggregates were calculated according to the standard 

procedure and tabulated in Table 3.9. 

3.3  Sources of Data and Sampling 

        For this study, experimental data were used as primary data and it was obtained through 

observation during the course of doing experiment. Observation was undertaken according 

to definite pre-arranged plans, involving experimental method and procedure; also some 

variables are manipulated to observe their effect on other variables based on controlled 

observation. 

      Published books, standards and journals were considered as secondary data as evidence for   

the purpose of collecting the required information. Superplasticizer and cement types are 

purposive sampling due to their dominance in the current situation of construction industry 

and yield favorable results.   

3.4 Research Methodology Framework 

As shown in Figure 3-2, the flow chart is demonstrated what kind of study was being  

planned, how the study was carried and methodology to answer the kind of results for such 

research work and how to address the research problems adequately. 
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Figure 3-2: Research Methodology Framework 
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3.5   Materials 

3.5.1   Cement  

The cement used throughout the entire study was Ordinary Portland Cement (OPC) type, 

namely Dangote and Derba Cement that are locally produced. Ordinary Portland (Type-I) 

Cement is suitable for general concrete construction when there is no exposure to sulphates 

in the soil. Type-I cement complies with ASTM C-150 and has used as a binding material 

for all mix proportions. The standard requires that it is made from 95 to 100 % of Portland 

cement clinker and 0 to 5 % of minor additional constituents. Minor additional constituents 

are one or more of the other cementitious materials or filler. Filler is defined as any natural 

or inorganic mineral material other than a cementitious material [19].Variations in its 

composition may produce a difference of up to ±20 % in the compressive strength of 

concrete, but uniform results are obtained when taken cement from one source of supply [1]. 

Ordinary Portland cement (OPC) produced as per CEM-I-42.5 grade contains 95% clinker 

and 5% gypsum produced. Dangote Cement PLC and Derba Cement PLC were used 

throughout theses experiment due to the predominance use of such cements in current 

construction industry.  

 Dangote Cement 

Dangote Cement is the largest cement plant in Ethiopia and capable of producing high-

quality 32.5 and 42.5-grade cements to meet market needs  at competitive costs, with rich 

limestone reserves of about 223 million tones(DCPLC,2019). The location of the Plant is in 

Oromia National Regional Government, West Shewa Zone, Ada Berga District, Mugher 

Town (85 KM out of Addis Ababa), and was commissioned in May 2015. It was used 

product 42.5N Ordinary Portland Cement (CEM II -AL) in the experiment. 
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Figure 3.3 Dangote Cement 

 Derba Cement 

Derba Ordinary Portland cement (OPC) is produced as per CEM-I-42.5 grade contains 95% 

clinker and 5% gypsum produced by Derba MIDROC Cement PLC was used throughout the 

experiment.  

According to the tests result, the normal consistency of this hydraulic cement was of 27% 

which was laid on the range of standard consistence [26 to 33 - % by mass of dry cement] 

[ASTMC191]. This test is used to determine the amount of water required to prepare 

standard cement paste. 

                           

Figure 3.4 Derba Cement 
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According to ASTM C150, the physical and chemical compositions of cement are shown 

below. 

Table 3. 1 Chemical Properties of Cement Grade OPC 

Chemical Properties ASTM Standard  ASTM Requirement 

Lime Saturation C 150                 <0.5 

Alumina ratio, Min C 150                 <0.66 

Insoluble residue %Max C 150                 ≤0.75% 

MgO [%]Max C 150                  <6% 

Max Sulphuric  anhydride C 150                  ≤3% 

Lose of Ignition  C 150                  ≤3% 

 

Table 3. 2 Physical Properties of Cement Grade OPC 

Physical Properties ACTM Requirement . 

Fineness  (350-380) [sq .m /kg] Min. 

Soundness  ≤10mm             Le Catelier’s 

 < 0.8 Auto clave (Max %) 

Setting [Vicat Test] >45min Initial Setting(mts)Min 

[ASTM C191] <375min Final Setting (mts)Max 

Compressive  Strength ≥20.0 3 days Min(MPa) 

 ≥27.65 7 days Min(MPa) 

 ≥42.5 28 days Min(MPa) 

3.5.2 Aggregates  

Aggregates were first considered to simply be filler for concrete to reduce the amount of 

cement required. However, it is now known the type of aggregate used for concrete can have 

considerable effects on the plastic and hardened state properties of concrete. They can form 

70- 80% of the concrete mix so their properties are crucial to the properties of concrete. 
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Aggregates can be broadly classified into four different categories: these are heavyweight, 

normal weight, lightweight and ultra-lightweight aggregates. However, most concrete 

practices only normal weight and lightweight aggregates are used. The other types of 

aggregates are for special uses, such as nuclear radiation shielding provided by heavyweight 

concrete and thermal insulation using lightweight concrete [10]. 

The relevant tests were made to identify the properties of the aggregates that are used in this 

experimental works. Aggregates should be hard, strong, free of undesirable impurities, and 

chemically stable. It should also be free from impurities: silt, clay, dirt or organic matter. 

3.5.2.1 Fine Aggregate 

The fine aggregate are used in the laboratory test was river sand, from local supplier. In 

order to investigate the properties of such  natural sand properties , gradation analysis , 

fineness modules, specific gravity , absorption capacity, moisture content, silt content and 

unit weight tests were carried out. Since these properties of the aggregates are significantly 

affecting the property of the concrete. The grading requirement for fine aggregate is 

according to ES C.D3.201 [81] and grain size distribution of the fine aggregate is 

demonstrated in Table 3.3. 

 

 
Figure 3.5 River Sand 
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                      Table 3. 3   Sieve analysis results of fine aggregate 

Weight of sample taken = 500gm 

Sieve Size Weight 
Retain(gm.) 

Weight 

Retained (%) 

Cumulative 

Retained (%) 

Cumulative 

Passing (%) 

ES C.D3.201 

Cumulative Passing (%) 

9.5mm 0.00 0.00 0.00 100 100 

4.75mm 14.20 2.84 2.84 97.16 95-100 

2.36mm 55.50 11.10 13.94 86.06 80-100 

1.18mm 110.53 18.904 32.846 67.154 50-85 

600µm 151.70 30.34 63.186 36.814 25-60 

300µm 61.80 12.36 75.546 24.454 10-30 

150µm 82.43 16.486 92.032 7.968 2-10 

Pan 23.84 - - - - 

Total 500  280.39 - - 

                                 FM =  2.80 

 

 

 

 

 

 

 

 

                                    Figure 3.6 Gradation chart for fine aggregate 
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Figure 3.6 is illustrated the gradation of fine aggregate is satisfied the Ethiopian standard 

requirement. Since grading of aggregate is very important and affects the paste requirement 

of concrete, workability of fresh concrete, packing density and also determines the economy 

of concrete production. Therefore, to produce economical and durable concrete, it should be 

satisfy the Ethiopian standard criteria for the control mix according to Table.3.3. 

 Silt Content 

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

generally present in a very finely divided state, passing the 75-μm sieve. It will appreciably 

increase the water requirements for workable concrete and reduce the abrasion resistance of 

hardened concrete if present in large amounts. The fine fraction is also likely to adhere to 

the surfaces of the large aggregate particles, isolating those particles from the surrounding 

concrete and causing a reduction in strength. Materials are commonly silt, rock dust, and 

organic matter [78]. The material in fine aggregates which is finer than 75μm is generally 

regarded as silt. In Ethiopian, the main source of fine aggregate is river bed and most of the 

time silt content is more than 10%. Silt in the sand for the concrete has a severe effect on the 

quality of the concrete. It mainly affects the workability of the concrete, and also results in 

the reduction of strength. When the silt content test is performed on the sand and it was 

found 3.40% of silt content.  

 
Figure 3.7 Jar Test for silt content 
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The Ethiopian standard recommends the silt content to be a maximum of 6%. Fine 

aggregate with silt content more than this limit has to be washed or rejected. Therefore, the 

sand satisfies requirement. 

 Specific Gravity and Absorption Capacity  

Specific gravity is an expression of the density of an aggregate. It is the ratio between the 

weight of the substance and the same volume of water. Aggregates contain pores in their 

structure, hence the specific gravity depends on whether the pores are included in the 

measurement or not. Apparent specific gravity of an aggregate refers to the solid materials 

excluding the pores and bulk specific gravity refers to total volume i.e. including pores of 

the aggregate. 

The following results are found for the fine aggregate (Appendix A-Table 3.4):  

Bulk specific gravity = 2.60  

Bulk specific gravity (SSD basis) = 2.68 

Apparent specific gravity = 2.71 

Absorption capacity = 1%  

 

 

 

 

 

 

 

 

 

 

                                 Figure 3.8 Specific Gravity test by using Flask 
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 Moisture content  

The water to cement ratio of a concrete affects the strength and the workability of the 

concrete. When the water to cement ratio is increases, the strength of the concrete is 

decrease and workability also increase. The aggregates in concrete are assumed to be inert 

materials. But most of the aggregates don’t meet this assumption by either absorbing water 

(dry aggregates) or by releasing it (wet aggregates) to the mix. As a result of this, property 

of aggregates is governing the design of water to cement ratio of the mix changes. 

Therefore, it is important to determine both the absorption capacity and the moisture content 

of the aggregate. The moisture content of fine aggregates was determined by oven drying a 

sample of fine aggregate (500gm) in an oven at a temperature of 110+5 0c for 24 hrs and 

dividing the weight difference by the oven dry weight. The moisture content found was 2% 

(Appendix A.2.1.5). 

 

 Unit weight  

Unit weight can be defined as the weight of a given volume of graded aggregate. It is thus a 

density measurement and is also known as bulk density. But this alternative term is similar 

to bulk specific gravity, which is quite a different quantity, and perhaps is not a good choice. 

The unit weight effectively measures the volume that the graded aggregate will occupy in 

concrete and includes both the solid aggregate particles and the voids between them. The 

unit weight is simply measured by filling a 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 the unit weight. Since the weight of the aggregate is dependent on the 

moisture content of the aggregate and constant moisture content is required. The unit weight 

of the fine aggregate sample used was found to be 1320 kg/m3 (Appendix-A.2.1.5). The 

above test results are summarized in Table 3.4 below. 
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                               Figure 3.9 Unit weights of Fine and Coarse Aggregates 

 Table 3.4 Summary of test results for fine aggregate 

No Test Description Test Result 

1 Silt Content 3.40% 

 

2 Moisture Content 2.00% 

3 Unit weight 1320 kg/m3 

4 Absorption Capacity 1.00% 

 

5 

 

 

 

Specific gravity 

Bulk 2.60 

Bulk(SSD) 2.68 

Apparent 2.71 

6 Fineness Modulus 2.93 
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 3.5.2.2 Coarse Aggregates 

Coarse aggregate is produced in Ethiopia using aggregate crushers and by crushing 

manually using human labor and small hand tools. Especially, in rural areas and in 

construction sites where the coarse aggregate demand is low manual crushing is normally 

experienced. In addition, the crusher plants vary in size and production quality [36]. The 

normal weight coarse aggregates for the Ethiopian construction sector are produced by both, 

traditional and modern means. Traditionally coarse aggregate is produced by heating a 

boulder at a higher temperature and crushing it by a hammer using a manual labor to the 

required approximate sizes. Aggregates produced using such method are usually flaky and 

do not satisfy the grading requirements set by standard recommendations. Nevertheless, 

such aggregates are used for construction in areas where aggregates crushing machine(s) is 

not available and quality control is not a criteria in the execution of the work [28]. 

The coarse aggregates used for this study were crushed rock. Because the aggregates have 

been stored in the laboratory for a while, visual examination reveals that there is a dust film 

on their surface and therefore, the aggregates were washed thoroughly and dried in open air 

outside the laboratory. A maximum aggregate size of 20mm was used in all the concrete 

work. After washing and drying, the coarse aggregates were sieved and stored. This 

minimized segregation and thus variation in gradation from mix to mix. 

In a similar manner like the fine aggregate, laboratory tests were carried out to identify the 

physical properties of the coarse aggregate and the results are shown in Table 3.5 and Table 

3.6 below respectively.  
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                  Table 3.5 Summary of test results for coarse aggregate 

No Test Description Test Result 

1 Maximum Size  20mm 

2 Moisture Content  0.50% 

3 Unit Weight   1660 kg/m3 

4 Absorption Capacity  2.00% 

 

5 

 

 

 

Specific Gravity 

Bulk  2.70 

Bulk(SSD)  2.77 

Apparent  2.80 

                       Table 3.6 Sieve Analysis of Coarse Aggregate (20mm) 

Weight of sample taken = 2000gm 

Sieve Size Weight 
Retain(gm.) 

Weight 
Retained (%) 

Cumulative    
Retained (%) 

Cumulative 

Passing (%) 

ES C.D3.201 

Cumulative Pass (%) 

75mm 0 0 0 100 100 

63mm 0 0 0 100 100 

37.5mm 0 0 0 100 95-100 

19mm 870.56 43.528 43.528 56.472 30-70 

12.5mm 674.30 33.715 77.243 22.757 10-40 

9.5mm 247.50 12.375 89.618 10.382 10-30 

4.75mm 183.70 9.185 98.803 1.197 0-5 

Pan 24.43 - - - - 

Total 2000 96.50 309.192 - - 

                               FM= 3.09 
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                           Figure 3.10 Gradation chart for coarse aggregate 

3.5.3   Water 

Water is a key ingredient in the manufacture of concrete. The mixing water of free water 

encountered in freshly mixed concrete, has three main functions: (1) it reacts with the 

cement powder, thus producing hydration; (2) it acts as a lubricant, contributing to the 

workability of the fresh mixture; and (3) it secures the necessary space in the paste for the 

development of hydration products [31]. Although it is an important ingredient of concrete, 

it has little to do with the quality of concrete [19]. One of the most common causes of poor-

quality concrete is the use of too much mixing water. Fundamentally “the strength of 

concrete is governed by the nature of the weight of water to the weight of cement in a mix, 

provided that it is plastic and workable, fully compacted, and adequately cured” [15]. 

The rule of thumb for water quality is “if you can drink it, you can work concrete with it”. A 

large fraction of concrete is made using municipal water supplies. However, good quality 

concrete can be made with water that would pass normal standards for drinking water [19]. 
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3.5.4 Equipment 

 Vicat  Apparatus  

The normal consistence, the initial and final setting of the setting times was determined by 

using Vicat Apparatus as per ASTM C191 which measure the resistance of a paste to 

penetration of a plunge or needle as the case of may be under total loads of 300g as shown 

in Figure 3.11. 

 
Figure 3.11 Setting time test by using Vicat with needle apparatus 

 Marsh Cone Test 
 
The most commonly workability test used in current situation is the slump cone test [ASTM 

143-78] and it is correlates well only with the yield stress. There are no typical tests of fresh 

concrete that relate directly to the plastic viscosity. Hence, the workability of concrete is not 

completely measured or specified by current standard tests. As a result, the concrete 

industry is unable to specify workability in terms of rheological properties, because the 

plastic viscosity cannot be easily and uniquely measured. Therefore, the Marsh cone test is 

conducted to determine the rheological parameters such as yield stress and plastic viscosity 

of cement paste.  

The Marsh cone test is the workability test used for specifications and quality control of 

cement pastes. The time required for a certain amount of materials to flow out of the cone is 
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recorded. This measured flow time is related with the so called fluidity of the tested 

material. The longer the flow time, the lower is the fluidity.   

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                     
 
                                                            Figure 3.12   Marsh Cone 
  

 Slump Cone Test 

To assess the workability of the concrete mixes Slump test were conducted according to 

ASTM 143. Produced concrete mix with pre-determined amount of cement, aggregates, 

water and superplasticized with altered dosages were recorded slump in mm to explore the 

apparent change of workability or consistence at the time of placing the concrete. 

 

 

 

 

 

 

Figure 3.13      Slump Cone Test 
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3.5.5 Admixtures 

Admixtures are materials other than cement, aggregate and water that are added to concrete 

either before or during its mixing to alter its properties such as workability, curing 

temperature range, setting time. These days a mix without admixture is an exception. 

Admixture is a chemical product which is added to the concrete mix in quantities not larger 

than 5% by mass of cement during mixing or an additional mixing operation prior to the 

placing of concrete, for the purpose of achieving a specific modification to the normal 

properties of concrete [19]. 

Admixtures are capable of imparting considerable physical and economic benefits with 

respect to concrete production. These benefits include the use of concrete under 

circumstances where previously there existed considerable or even insuperable difficulties. 

They also make possible the use of a wider range of ingredients in the mix. It is an 

established fact that the use of admixtures result in concomitant savings, for example, in the 

cost of labor required to effect compaction and in improving durability without the use of 

additional measures [10]. 

3.5.5.1 Types of admixtures 
Based on the function, the classification of admixtures as per ASTM C494 is as follows 

[80]: 

 Type A Water reducing 

 Type B Retarding 

 Type C Accelerating 

 Type D Water reducing and retarding 

 Type E Water reducing and accelerating 

 Type F High range water reducing or Superplasticising 

 Type G High range water reducing and retarding, or super plasticizing and retarding. 

The chemistry of concrete admixtures is a complex topic requiring in-depth knowledge and 

experience. A general understanding of the options available for concrete admixtures is 

necessary for acquiring the right product for the job, based on climatic and job requirements. 

The specific effect of admixtures must be understood before they are used. Moreover, the 

specific effects produced may vary with the properties and proportions of the other 

ingredients of the mix. 
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The manufacturers recommend the dosage of the various admixtures, usually expressed as a 

percentage of the mass of cement in the mix, but they are often varied according to 

circumstances. The effectiveness of any admixture may vary depending on its dosage in the 

concrete and also on the constituents of the mix, especially the properties of the cement 

[77]. Some of the characteristics property of Superplasticizer, as it is used for this research 

work, is mentioned in the following section. 

 Superplasticizer 

ASTM C494 refers to Superplasticizer as “water-reducing, high range admixtures”. 

Compared to what is commonly referred as “water reducer” or “mid-range water reducer” 

Superplasticizer is “high range water reducers” [80]. Superplasticzers are water-soluble 

organic polymers, which have to be synthesized, using a complex polymerization process, to 

produce long molecules of high molecular mass, and they are therefore relatively expensive. 

High range water reducers are admixtures that allow large water reduction or greater flow 

ability without substantially slowing setting time or increasing air entrainment. 

 Effects of Superplasticizer 

The main action of the long molecules is to wrap themselves around the cement particles 

and give them a highly negative charge so that they repel each other. These results in 

deflocculating and dispersion of cement particles. At a given water to cement ratio and 

water content in the mix, the dispersing action of Superplasticizer increases the workability 

of concrete. The second use of Superplasticzer is in the production of concrete of normal 

workability but with an extremely high strength owing to a very substantial reduction in the 

water to cement ratio. Mechanism of the action of Superplasticizer has not been fully 

explained, it is known that they interact with C3A whose hydration is retarded [36]. 

 Dosage of Super plasticizer 

To increase the workability of the mix, the normal dosage of Superplasticizer is between 1 

and 3 liters per cubic meter of concrete, the liquid Superplasticizer containing about 40% of 

the active material. When Superplasticizer is used to reduce the water content of the mix, 

their dosage is much higher, 5 to 20 liters per cubic meter of concrete [36]. The 

effectiveness of a given dosage of Superplasticizer depends on the water to cement ratio of 

the mix. Specifically, at a given dosage of the Superplasticizer, the percentage water 
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reduction, which maintains a constant workability, is much higher at low water/cement 

ratios than at high water/cement ratios [36]. 

 Type of Superplasticizer used in this experiment  

Sikament® NN 

Sikament® NN chemical admixture was used in the experiment .It is locally produced by 

Sika Abyssinia Chemicals Manufacturing PLC around Sebeta, Welete. It is highly effective 

admixture for concrete especially suitable for the production of free flowing concrete and 

high strengths concrete. Its chemical bases are Naphthalene formaldehyde sulphonate and 

the tests/standards comply with EN 934-2.  Sikament® NN acting as Superplasticizer or as 

high range water-reducer, promotes a very high plasticity and good slump keeping 

properties to concrete. It is mainly used for concrete with strong fluidity, high quality 

concrete, concrete applied in precast, concrete submitted to long transportation, delayed 

placing and high temperatures and concrete with high water reduction while maintaining 

favorable consistency enabling good early strength development.  

           

Figure 3.14 Sikament® NN Chemical Admixture 

It is greatly provided improved workability, increase placeability in slender components 

with densely packed reinforcement, enables easy placing, less vibration needed, good slump 

keeping effect properties as Superplasticizer. In addition to this, it can be enhanced water 

reduction up to 25% and increased of compressive strengths consequently in predetermined 
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dosage and reduced permeability for water as high range water-reducer. Tests/Standards is 

complies with EN 934-2 and it is Type F as per classification of ASTM C494.The 

recommendation dosages has been  marked  0.5-3.0% by weight of cement, however trial 

mixes would be  carry out to establish the exact dosage rate required as stated in the suppler 

technical specification. 

Table 3.7:  Typical properties of type F admixture up to 25°C. 

Properties Value 

Form -  Liquid 

Appearance/Color Dark Brown    Liquid 

Density 1.2 ± 0.02kg/l 

Chloride content < 0.1% (EN934-2) 

pH (23 ± 2 ºC)  8 ± 1 

 

SASplast SP60 

SASplast SP60 is naphthalene based on the form of liquid superplasticzer for high 

performance concrete. SP60 converts stiff concrete to flowable concrete due to its high 

workability to concrete mixes. It gives excellent slump, retention properties without 

effecting the setting time and could be used to affect considerably water reduction resulting 

high performances both in plastic and hardening state of concrete. 

SP60 is a powerful dispersant and deflocculating action helps to reduce high performing 

concrete where durability and high strength. It can be used for self-compacting concrete 

very effectively. SP60 is compatible with all types of Portland cement and other 

cementitious materials and compatible with all SAS concrete admixture.  
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Figure 3.15 SASplast SP60 Chemical Admixture 

SP60 can be used and have benefits in high workability and superior flow properties reduce 

the need for compaction, site batched and ready mix concrete. It is also used to produce  

durable and low permeable concrete, workability retention for longer period helps hot 

weather and long haul concreting, highly reinforced and Precast Prestressed concrete due to 

high flow characteristics and also it is chloride free and low water cements ratio results early 

high ultimate strength. 

                          

Table 3.8: Typical properties of type F and G admixture up to 25°C 

 

 

SP60 is confirms by C-494-Type F and G, B.S 5075 - Part I ASTM C1017 standard. The  

recommendation dosages has been marked  0.5-2.5 % by weight of cement, however 

Properties Value 

Specific Gravity 1.22 ±0.03@250C 

Appearance Dark Brown 

Air Entrainment 1-2% Depending on dosage 

Chloride  Content Nil –Tested to B.S. 5075 

Freezing 00C,Mix before use 

66 
 



 
  
preliminary test should be  perform  to determine the  actual  dosage rate that are applied on 

the mix based on the suppler technical specification. 

3.6  Methods  
           

This parts describes the process that are considered before, during and after the laboratory 

experiment undertaken. It gave emphasis on how the experiments were carried to meet the 

need. First, the Marsh cone test were used for specification and quality control of cement 

pastes .This is a method to determine the time required for a fixed volume of paste to pass 

through the funnel using EN 445 and ASTM 939 94a test procedure. Secondly, Slump cone 

were carried out according to ASTM C 143 test for slump of Portland cement concrete on 

fresh concrete. And then, the experiments were further performed by production of 

specimens on the basis of standard requirements to make valid the investigation. Hence, 

cubes, cylinders and beam specimens were prepared in pre-determined proportion and then 

after curing ages of 7 days’ and 28 days’ , BS EN 12390-3 (2009)  for compressive strength 

of cubes , ASTM C 496 for splitting tensile strength, ASTM C78 test for flexural strength of 

concrete - simple beam with third-point loading were considered in the laboratory using 

testing machine. In addition to these, normal consistency and setting time tests were 

considered in cement paste.  

     3.6.1 Mix Proportioning 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 as recommended by ACI. 

 Specified characteristic compressive strength of concrete to be casted (specified 

by Engineer for intended structures). 
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2. Choice of slump: 

 Generally specified for a particular job.  

 However, if not given, an appropriate value may be chosen from Table as 

recommended by ACI. 

 As a general rule, the lowest slump that will permit adequate placement 

should be selected.  

3. Maximum aggregate size: 

  The largest maximum aggregate sizes that will be 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 bars and forms.  

4.  Estimation of mixing water and air content: 

 An estimation of the amount of water required for air entrained and non-air-

entrained concretes can be obtained from Table as recommended by ACI. 

 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 as 

recommended by ACI. 

(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. 
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Weight of cement = Wt. water/ w: c                                 

    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 as recommended by ACI. 

 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. 

  3.6.2   Process of Mix Proportioning 
 
Prior to the mix design, the following laboratory tests were conducted on the aggregates: 

• Sieve analysis (ASTM C136) (Table 3.5 and Table 3.6) 

• Specific gravity and absorption (ASTM C127 and C128) (Table 3.4 and Table 3.5) 

• Unit weight and void space (ASTM C29) (Table 3.4 and Table 3.5) 

 3.6.3 Mix Design and Materials Proportion  

Mix design is the process of determining the required and specified characteristics of a 

concrete mixture to produce quantified concrete characteristics of fresh concrete and 

hardened concrete properties like workability, strength and durability as economically as 

possible. Mix proportioning on the other hand is the process of determining the quantities of 

concrete ingredients using local materials to achieve the specified characteristics of the 
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concrete. According to Steven [80], a properly proportioned concrete mix should possess the 

following qualities: 

 Acceptable workability of the freshly mixed concrete  

 Durability, strength, and uniform appearance of the hardened concrete  

 Economy 

Therefore, the key for producing a strong, durable and economical concrete rests on the 

careful proportioning and mixing of the ingredients. The ACI Method (Conmixer V.1 

software used) of concrete mix design was used to design C-30 concrete grade. Target mean 

strength was 38.5N/mm2 and the water to cement ratio was 0.45. In addition to this, the 

slump was 30 to 50mm. The quantity of concrete materials was calculated by using the 

physical properties of the materials and Table 3.9 shows the quantity of materials for one 

cubic meter for C-30 concrete grade. The Standard cast iron molds of size [15x15x15] cm 

are used in the preparation of concrete cubes for compressive strength tests and [50 x 10 

x10] cm for Flexural Strength of concrete test, Two- Point Loading and [15 x 30] cm 

Cylinders for Splitting Strength of concrete test. 

       

           Table 3.9 Quantity of materials in kg for 1m3 C-30 concrete grade production 

Derba Cement 

TMS = 
38.5 MPa 

Water 
(kg) 

Cement 
(kg) 

FA 
(kg) 

CA 
(kg) 

SP 
(ml) 

Air content 
(%) 

W:C 

1m3 207 450 660 1035 1350 2.0 0.45 

Dangote Cement 

TMS = 
38.5 MPa 

Water 
(kg) 

Cement 
(kg) 

FA 
(kg) 

CA 
(kg) 

SP 
(ml) 

Air content 
(%) 

W:C 

1m3 207 450 660 1035 1350 2.0 0.45 
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   Table 3.10 Quantity of materials in kg for each mix C-30 concrete grade production 

Derba Cement 

Mix Code Water 
(Kg/m3) 

Cement 
(Kg/m3) 

  FA 
(Kg/m3) 

CA 
(Kg/m3) 

SP (ml) No: Cubes W:C 

SP-0.0% 5 10 14 23 0 6 0.45 

SP-0.5% 4 10 14 23 50 6 0.45 

SP-1.0% 3.85 10 14 23 100 6 0.45 

SP-1.5% 3.65 10 14 23 150 6 0.45 

SP-2.0% 3.5 10 14 23 200 6 0.45 

Dangote Cement 

Mix Code Water 
(Kg/m3) 

Cement 
(Kg/m3) 

  FA 
(Kg/m3) 

CA 
(Kg/m3) 

SP 
(ml) 

No: 
Cubes 

W:C 

SP-0.0% 5 10 14 23 0 6 0.45 

SP-0.5% 4 10 14 23 50 6 0.45 

SP-1.0% 3.85 10 14 23 100 6 0.45 

SP-1.5% 3.65 10 14 23 150 6 0.45 

SP-2.0% 3.5 10 14 23 200 6 0.45 

 

 3.6.4   Preparation of Cement Paste, Concrete Specimen, Curing and Testing 

Phase I 

 Considered 2 kg cement to be used for the experimental work. Based on water to 

cement ratio (W/C- 0.45), take 900 ml of water and 0.5% to 2.5% Super plasticizer 

by weight of cement to make slurry of @ 1 liter. Hand mixing is done in bowel; the 

slurry should be sieved through 1.18 sieves to exclude lumps.  

 Considered 1.5 kg cement to be used for the experimental work. Based on water to 

cement ratio (W/C- 0.40), take 600 ml of water and 0.5% to 2.5% Super plasticizer 

by weight of cement to make slurry of @ 1 liter. Hand mixing is done in bowel; the 

slurry should be sieved through 1.18 sieves to exclude lumps. Then,  
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The following procedure has been done,  

• Close the outlet, and pour 1 L cement paste into the cone,  

• The orifice is opened, and stop watch is started,  

• The fluid mixture flow out of the cone, and the time required for the cement paste to 

flow out is recorded which corresponds to the volume of 1000ml. 

 

 

Figure 3.16 March Cone Test 

Phase II 

In order to make concrete cubes, specified equipment 15cm×15cm×15cm for Compressive 

Strength and 50cm×10cm×10cm for Flexural Strength equipment and 50cm×10cm for Split 

Tensile Strength were prepared to  produce the specimens accordance to ASTM 192. During 

the production the specimen of concrete, the molds were cleaned from all dust and coated 

with releasing agent (oil) to smooth the surface and to prevent sticking of mixed concrete 

with the mold. Using scoops and buckets the ingredients materials for the mix, the correct 

amount of cement, fine aggregate (sand), coarse aggregate were measured by weight 

balance. Water and admixture were measured by graduated cylinder /flask. After that the 
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weighted coarse aggregate was first added to the mixer and the cement was added after the 

coarse aggregate and then the fine aggregate is added next to cement and dry mixed for a 

minute. Then, water and admixture was added to the dry mixed concrete ingredients mixture 

and thoroughly mixed for two more minute. Accordingly,  

 To assess the workability of the concrete mixes Slump test were conducted , filling 

the standard slump cone with three layers by rodding each layer with 25 times, and 
remove the mold immediately and  measure  the slump as the vertical distance from the 

top of the mold to average concrete level. 

 . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

Figure 3.17 Preparations of Specimen and Curing 
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 After checking of the slump, mixed concrete was poured into cubical mold in three 

equal layers and each layer was being compacted steel rod. The specimens should be 

removed from the mold after 24hrs and submerged in clear fresh water until the 

specimens were taken out from the curing plastic tank just prior to the test. The same 

process was repeated until pre-determined number of specimen produced. 

The average compressive, splitting tensile and flexural strength of the three specimens of the 

same concrete mixture tested at the same age and considered as characteristic compressive 

strength and flexural strength of a mixture. The concrete was surface dried for two hours to 

be tested in the moist condition according to ASTM C39 and measure its mass weight then 

compressive strength test was conducted using compression testing machine with a loading 

rate of 5.1 KN/sec and capacity of 3000KN [BS 1881-117] [Figure 3.13] and Flexural 

Testing Machine with a loading rate of 0.5/mm2/sec and a capacity of 100KN [ASTM C78-

00][Figure 3.14]. 

 The average 7-days and 28-days compressive strength test results were conducted 

using such resting machine and recorded the compressive strength with respect to the 

failure load, to determine hardened concrete’s properties; all sample concrete 

mixtures along with the standard deviation of three replicates of each mixture of 

concrete cube should be noted and evaluated. 

 Tensile splitting strength also was conducted cylindrical specimens in the average 7 

and 28 days’ using the same machine in accordance with ASTM Test Method for 

Splitting Tensile Strength of Cylindrical Concrete Specimens (C 496) to determines 

resistance to cracking.  

  Further, flexural strength of Concrete test were carried out according to ASTM Test 

Method for Flexural Strength of Concrete (Using Simple Beam with Third-Point 

Loading) (C 78) to determine strength of concrete pavement.  

Total specimens quantity prepared for both Dangote and Derba cement were 180 samples 

and Testing Machine of 3000kN capacity was used to determine the total load taken by 

concrete at two curing ages. The concrete was surface dried for two hours to be tested in the 

moist condition according to ASTM C39 and measure its mass weight then compressive 

strength test was conducted using compression testing machine with a loading rate of 5.1 
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kN/sec and capacity of 3000KN [BS 1881-117] [Figure 3.18]. The same machine is used for 

load application for determining splitting tensile strength of cylindrical specimens. Also, 

similar procedure were considered on Flexural Testing Machine with a loading rate of 

0.5/mm2/sec and a capacity of 100KN [ASTM C78-00][Figure 3.19].       

  3.7   Validity and Reliability 

Using normal distribution  the effects of admixture on properties of hardened concrete, is 

measured even if it is not absolutely  accurate but closely enough for analysis and may 

skewed slightly to the rightly. In order to calculate how far above the failure level the 

average measurement  has to be in order to get a given % age of defects, it is necessary to 

know the standard deviation ,  of the measurement by equation 3.1.  

Result distribution for the strength variation as mentioned in Appendix C-1 (Dangote 

Cement) and Appendix C-2 (Derba Cement), follows normal distribution curve as shown in 

figure 3.20 below. 

 

Figure 3. 18 Compressive Strength Test Figure3.19 Flexural Strength 
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Figure 3.20 Concrete Strength Distributions 

The area covered by the curve is the total number of the test result. The curve is symmetrical 

each side and the mean strength line as seen Figure 3.20 is the point at which either sides are 

symmetrical. 

S is given by the equation 3.1, represents the standard deviation and it illustrate 

variability.                                                                                                        

    ……..  Equation 3.1 

When X represents a result, n the total number of result and m is the mean of all the n 

results. BS 5328 and BS 8110 introduce a value of defectives to accumulate for risk. This 

value is a 5% of the total number of results. 

When designing a concrete mix, it must be aim mean strength higher than the minimum 

required from structure stand point .Hence it can be expect every part of the structure to be 

made of such mixture have adequate strength.  
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Where  = mean strength 

 =minimum strength (Specified characteristics strength) 

Moreover, according to BS 5328:1981, comply with the characteristic strength is based on 

group of consecutive test, as well as a single result. Each result is based at 28 days and 

average of three cubes.  

 When specified characteristic strength (Grade) is 20 and above:- 

 ¡)  Minimum value by which the average strength of any group of test results should be 

exceeds the specified strength by 3MPa. 

  ¡¡) Maximum values by which any individual test results will be fall short the specified 

characteristic strength by 3MPa. 

        Hence, the experiment was satisfied when it compared with values states in Appendix C-1 

and Appendix C-2.  

 Validity is the most critical criterion and indicates the degree to which an instrument 

measures what it is supposed to measure.  In other words, validity is the extent to 

which differences found with a measuring instrument reflect true differences among 

those being tested. The test of reliability is also important test of sound measurement. 

A measuring instrument is reliable if it provides consistent results. Hence from the 

result that be obtained in the experiment, it can be assessed and judged validity and 

reliability of the outcome. 

3.8 Method of Data Analysis 
                     The data that were collected from laboratory results and analyzed based on descriptive and 

quantitative research methods approach. 

         During the experiment, one group is exposed to usual condition (control group), and the 

others were ‘experimental group’. The process was examining the truth of a statistical 

hypothesis, relating to the stated research problem, using comparative experiment. 

         The experiment was conducted before-and-after introduction of treatments and had 

recorded to compare effects of such dependent variable in production of concrete 
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specimens. The effect of the treatment was equal to the level of the phenomenon after the 

treatment minus the level of the phenomenon before the treatment. The design can be 

represented thus 

 

 
                                                          Figure 3.21 Treatment Effects  

 Graphical Description and MS Excel Program technique were used for data 

collection and analysis of the recorded data; it helped to consider systematically 

illustration of recording information and manipulating easily.            
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  CHAPTER FOUR 

                                                          RESULTS AND DISCUSSION 
 

4.1 Introduction  
The purpose of this chapter is to report, analyze, and discuss the potential role of 

Superplasticizer dosage proportion with various types of locally produced cement and their 

corresponding effects by considering the reduction of amount of mixing water at constant 

water-to-cement ratios (w/c) on concrete properties using laboratory investigation. 

The development of construction industry, nominal mixes are not economical in the current 

situation. So, using pre-determined dosage of SP on concrete mixture, one can be produced 

more workable, better performance and desirable concrete for certain application. The basic 

challenge is to decide the optimum dose of superplasticzer respond the compatibility issues 

cement and type characteristic. The test has performed by considering 0.40 and 0.45 water 

to cement ratio based varying percentage of superplasticzer.  

The test has also considered a constant cement contents and trial mix tested had a water 

cement ratio of 0.45 and target strength of 38.5 Mpa. In addition to these, the recommended 

slump value was 25 to 100 mm and 30Mpa compressive strength of concrete was 

designated.  

According to ASTM C125, Workability of concrete is defined as the property determining 

the effort required to manipulate a freshly mixed quantity of concrete with minimum loss of 

homogeneity or uniformity. The term manipulate includes the early-age operations of 

placing, compacting, and finishing. Mindess et al. (2003) also defined the workability of 

fresh concrete as “the amount of mechanical work, or energy, required to produce full 

compaction of the concrete without segregation.”  

Water content, the cement content, water to cement ratio, grading of aggregates, and 

admixtures can affect the degree of workability of concrete mixtures. Primarily, using 

Marsh cone test, it was found out the optimum dose of Super plasticizer to observe 

rheological properties of the paste characteristics. Secondly, the objective of conducting 

such fresh concrete testing was to determine the workability of concrete using the slump 
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test. Hence, it was carried out to investigate the effects of the variable Superplasticizer 

dosage on fresh concrete to address its objective. 

Moreover, the test also conducted on harden concrete using testing machines to observe  the 

compressive and tensile strength of concrete after curing of 7 days and 28 days using  

different Superplasticizer dosage in concrete mixtures. 

4.2 Determination of Dosage of Superplasticizer on Cement Paste and Effect of   

Superplasticizer on Physical Properties of Fresh Concrete  

This section was focused on assessing the result of the experiments to decide optimum 

dosage of Superplasticzer and their effects on fresh concrete.  

4.2.1 Determination of Optimum Dosage of Superplasticizer on Marsh Cone Test 

The primary requirement of fresh concrete is to be consistency and ready to consolidate in 

forms and around the reinforcement without excessive bleeding or segregation. Moreover, 

the workability of fresh concrete plays a significant role in microstructural development and 

consequent development of properties of hardened concrete. According to Roy (1993), the 

aggregate proportions and physical properties as well as the microstructure of the 

cement/water matrix will define the rheological properties of fresh concrete. 

Accordance to Joseph (2006), rheology of concrete is the study of how concrete flows, 

before the setting point is reached. It is important to place the concrete by some kind of 

pouring or pumping system into the prepared forms. It is also characteristic by at least two 

Bingham (1922) parameters, yield stress and plastic viscosity. The Marsh cone test is 

conducted to determine the rheological parameters such as yield stress and plastic viscosity 

of cement paste.  Likewise, the slump test is measured the yield stress of fluid concrete and 

determine the workability of fresh to facilities pour of concrete into forms or pumping 

process. 

The study was performed Marsh Cone Test to decide the optimum dosage of chemical 

admixture for each batch to observe compatibility of SP with different type of cements.  The 

Superplasticzers are Sikament NN and SASplast SP60, for particular water to cement ratio 

of 0.45 and 0.40. The time needed for a fixed volume of paste pass through the funnel was 

recorded. The test was carried out according to EN 445 and ASTM 939 94a test procedure. 
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When carrying out the experimental works, Marsh Cone Time was recorded as shown in 

Table 4.1, Table 4.2, Table 4.3 and Table 4.4. In Figure 4.1, Y axis is the Marsh Cone Time 

in Seconds and X axis is Superplasticizer dosage in   percentage is drawn and optimum dose 

is ascertained. This point is known as “Saturation Point”. 

Table 4.1 Mix Proportions for Cement Paste in Marsh Cone Test using Derba 

Cement and Sikament® NN   w/c  0.45 

Mix 
No. 

Water 
Cemen
t Ratio 

Cement(gm) Water(gm) %age of 
SP SP in (ml) 

Marsh 
Cone 
Time 
(sec) 

T1 

0.45 

2000 900 0.00 0.0 86.96 
T2 2000 900 0.50 10 18.32 
T3 2000 900 0.75 15 17.87 
T4 2000 900 1.00 20 15.07 
T5 2000 900 1.25 25 17.23 
T6 2000 900 1.50 30 17.11 
T7 2000 900 1.75 35 18.60 
T8 2000 900 2.00 40 16.70 
T9 2000 900 2.25 45 16.72 
T10 2000 900 2.50 50 16.18 
    18000 8100   270.0   

 

 The optimum dosage of Sikament® NN(naphthalene  formaldehyde sulphonate 

chemical base) for water cement ratio of 0.45 and 0.40 are 1.0% and 1.25% 

respectively when using  Derba cement type as shown in Table 4.1 and Table 4.2. 

Since, those are considering optimum dose of such type of cement and 

superplasticzer for selected water cement ratio. 
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Table 4.2 Mix Proportions of Cement Pastes in Marsh Cone Test using Derba 

Cement and Sikament® NN - w/c 0.40 

Mix 
No. 

Water 
Cement 
Ratio 

Cement(gm) Water(gm) %age of 
SP 

SP in 
(ml) 

Marsh 
Cone 
Time 
(sec) 

T1 

0.40 

1500 600 0.00 0.00 49.57 
T2 1500 600 0.50 7.50 28.76 
T3 1500 600 0.75 11.25 28.34 
T4 1500 600 1.00 15.00 28.21 
T5 1500 600 1.25 18.75 25.27 
T6 1500 600 1.50 22.50 27.04 
    9000 3600   75.0   

 

Table 4.3 Mix Proportions of Cement Paste in Marsh Cone Test using Dangote Cement 

and Sikament® NN   ( w/c  0.45) 

Mix 
No. 

Water 
Cement 
Ratio 

Cement 
(gm) 

Water 
(gm) 

% age of 
SP 

SP  in 
(ml) 

Marsh 
Cone 
Time 
(sec) 

T1 

0.45 

2000 900 0.00 0.0 97.63 
T2 2000 900 0.50 10 18.94 
T3 2000 900 0.75 15 21.25 
T4 2000 900 1.00 20 18.40 
T5 2000 900 1.25 25 19.10 
T6 2000 900 1.50 30 19.38 
T7 2000 900 1.75 35 19.57 
T8 2000 900 2.00 40 20.41 
T9 2000 900 2.25 45 16.23 
T10 2000 900 2.50 50 16.67 
    20000 9000   270.0   
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Table 4.4 Mix Proportions of Cement Pastes in Marsh Cone Test using Dangote   cement 

and Sikament® NN   (w/c  0.40) 

Mix 
No. 

Water 
Cement 
Ratio 

Cement(gm) Water(gm) %age of 
SP 

SP in 
(ml) 

Marsh 
Cone 
Time 
(sec) 

T1 

0.40 

1500 600 0.00 0.00 55.57 
T2 1500 600 0.50 7.50 28.64 
T3 1500 600 0.75 11.25 27.32 
T4 1500 600 1.00 15.00 26.97 
T5 1500 600 1.25 18.75 29.54 
T6 1500 600 1.50 22.50 32.80 
T7   1500 600 1.75 26.25 30.04 
T8   1500 600 2.00 30.00 29.58 
T9   1500 600 2.25 33.75 25.19 
T10  1500 600 2.50 37.50 23.22 
    15000 6000   202.5   

 

 From Table 4.3 and Table 4.4 ,using Dangote cement type and Sikament® NN 

chemical admixture , it was drawn 2.25 % and 2.50% optimum dosage for selected 

water cement ratio of 0.45 and 0.40 respectively from the experimental work. 
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                                 Figure 4.1   Analysis of Marsh Cone Test results 

Figure 4.1 is demonstrated Marsh Cone Test experimental outputs. During performing the 

test, predetermined volume of paste poured into metal cone and the time required is 

measured using stopwatch. The test were carried out using Derba and Dangote cement with 

Sikament R NN for 0.45 and 0.40 water cement ratio. 

 From Table 4.1, the lowest the Marsh Cone Time (MCT1) is 15.07 sec at 1% 

Superplasticzer dosage. Therefore, 1.0% is an optimum dosage for 0.45 water 

cement ratio, as indicted in Figure 4.1. 

 From Table 4.2, the lowest the Marsh Cone Time (MCT2) is 25.25 sec at 1.25% 

Superplasticzer dosage. Therefore, 1.25% is an optimum dosage for 0.40 water 

cement ratio, as indicted in Figure 4.1. 

 From Table 4.3, the lowest the Marsh Cone Time (MCT3) is 16.23 sec at 2.25% 

Superplasticzer dosage. Therefore, 2.25% is an optimum dosage for 0.45 water 

cement ratio, as indicted in Figure 4.1. 
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 From Table 4.4, the lowest the Marsh Cone Time (MCT4) is 23.22 sec at 2.50 % 

Superplasticzer dosage. Therefore, 2.50 % is an optimum dosage for 0.40 water 

cement ratio, as indicted in Figure 4.1. 

Table 4.5 Mix Proportions of Cement Paste in Marsh Cone Test using Derba Cement 

and SASplast SP60   (w/c 0.45) 

Mix No. 
Water 
Cement 
Ratio 

Cement(gm) Water(gm) %age 
of SP 

SP in 
(ml) 

Marsh 
Cone 
Time (sec) 

T1 

0.45 

2000 900 0.00 0.0 187.92 
T2 2000 900 0.50 10 17.77 
T3 2000 900 0.75 15 23.06 
T4 2000 900 1.00 20 17.66 
T5 2000 900 1.25 25 18.77 
T6 2000 900 1.50 30 16.82 
T7 2000 900 1.75 35 16.17 
T8 2000 900 2.00 40 17.21 
T9 2000 900 2.25 45 17.74 
T10 2000 900 2.5 50 17.20 
    20000 9000   270.0   
Table 4.6 Mix Proportions of Cement Pastes in Marsh Cone Test using Derba   Cement 

and SASplast SP60   (w/c 0.40) 

Mix 
No. 

Water 
Cement Ratio Cement(gm) Water(gm) %age of 

SP 
SP in 
(ml) 

Marsh 
Cone Time 
(sec) 

T1 

0.40 

1500 600 0.00 0.00 43.76 
T2 1500 600 0.50 7.50 33.31 
T3 1500 600 0.75 11.25 23.47 
T4 1500 600 1.00 15.00 30.86 
T5 1500 600 1.25 18.75 22.62 
T6 1500 600 1.50 22.50 22.76 
T7   1500 600 1.75 26.25 22.18 
T8   1500 600 2.00 30.00 21.08 
T9   1500 600 2.25 33.75 21.56 
T10   1500 600 2.50 37.50 21.43 
    15000 6000   202.5   
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 From Table 4.5 and Table 4.6, Optimum dosages of SASplast SP60 Superplasticzer 

were 1.75 % and 2.00% for water cement ratio of 0.45 and 0.40 respectively when 

Derba Cement type is used. The lowest time required the paste to flow through 

Marsh Cone considered and determine the saturation point.  

 

Table 4.7 Mix Proportions of Cement Pastes in Marsh Cone Test using Dangote 

Cement and SASplast SP60   (w/c 0.45) 

Mix No. 
Water 
Cement 
Ratio 

Cement(gm) Water(gm) %age of 
SP 

SP in 
(ml) 

Marsh 
Cone 
Time 
(sec) 

T1 

0.45 

2000 900 0.00 0.0 187.71 
T2 2000 900 0.50 10 22.99 
T3 2000 900 0.75 15 21.88 
T4 2000 900 1.00 20 20.93 
T5 2000 900 1.25 25 19.94 
T6 2000 900 1.50 30 20.50 
T7 2000 900 1.75 35 19.10 
T8 2000 900 2.00 40 18.11 
T9 2000 900 2.25 45 18.98 
T10 2000 900 2.50 50 19.03 
    20000 9000   270.0   
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Table 4.8 Mix Proportions for Cement Pastes in Marsh Cone Test using Dangote 

Cement and SASplast SP60  ( w/c  0.40) 

Mix 
No. 

Water 
Cement 
Ratio 

Cement(gm) Water(gm) %age of 
SP 

SP in 
(ml) 

Marsh 
Cone 
Time 
(sec) 

T1 

0.40 

1500 600 0.00 0.00 47.24 
T2 1500 600 0.50 7.50 31.24 
T3 1500 600 0.75 11.25 29.69 
T4 1500 600 1.00 15.00 39.24 
T5 1500 600 1.25 18.75 33.22 
T6 1500 600 1.50 22.50 25.26 
T7   1500 600 1.75 26.25 24.33 
T8   1500 600 2.00 30.00 23.48 
T9   1500 600 2.25 33.75 23.12 
T10   1500 600 2.50 37.50 23.57 
    15000 6000   202.5   

 

 

 Table 4.7 and Table 4.8 have shown the optimum dosages of SASplast SP60 

Superplasticzer. These are 2.0% and 2.25% with selected water cement ratio of 0.45 

and 0.40 respectively and the cement type is Dangote Cement.   
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                             Figure 4.2 Analysis of Marsh Cone Test results 

From Marsh Cone Test experimental Table 4.5, Table 4.6, Table 4.7 and Table 4.8, Figure 

4.2 was drawn to summarize the results. Accordingly, the tests were performed by 

predetermined volume of paste poured into metal cone and the time required was measured 

using stopwatch. The test were carried out using Derba and Dangote cement with  SASplast 

SP60 Superplasticzers for 0.45 and 0.40 water cement ratio. 

 From Table 4.5, the lowest the Marsh Cone Time (MCT5) is 16.17 sec at 1.75% 

Superplasticzer dosage. Therefore, 1.75% is an optimum dosage for 0.45 water 

cement ratio, as indicted in Figure 4.2. 

 From Table 4.6, the lowest the Marsh Cone Time (MCT6) is 21.08 sec at 2.0 % 

Superplasticzer dosage. Therefore, 2.0% is an optimum dosage for 0.40 water 

cement ratio, as indicted in Figure 4.2. 

 From Table 4.7, the lowest the Marsh Cone Time (MCT7) is 18.11sec at 2.0 % 

Superplasticzer dosage. Therefore, 2.0% is an optimum dosage for 0.45 water 

cement ratio, as indicted in Figure 4.2. 

88 
 



 
  

 From Table 4.8, the lowest the Marsh Cone Time (MCT8) is 23.12 sec at 2.25 % 

Superplasticzer dosage. Therefore, 2.25 % is an optimum dosage for 0.40 water 

cement ratio, as indicted in Figure 4.2. 

          Table 4.9 Summary of Cement Superplasticizer Compatibility Study 

No  Cement Type  Chemical Admixture 
Type  

Optimum Dosage of 
Superplasticzer (%) 

W/C=0.45 W/C=0.40 

1 Derba  Sikament® NN  1.00% 1.25% 

2 Dangote  Sikament® NN  2.25% 2.50% 

3 Derba  SASplast SP60 1.75% 2.00% 

4 Dangote  SASplast SP60 2.00% 2.25% 

4.2.2 Effects of Superplasticizer Dosage on Slump Test  

 
Also, slump cone was carried out on fresh concrete without and with super plasticizers 

(Sikament NN) at water to cement ratio 0.45 and variable water amount reduction. Hence, 

the slump test were performed in accordance with the requirements of ASTM C 143/C 

143M. The slumps (in mm) results with or without Superplasticizer are listed below. 

Slump values results are shown in Table 4.10 and 4.11 for Dangote and Derba cement 

respectively. Percentage of SP, SP amount and slump value were recorded. It is 

demonstrated in Figure 4.3 and 4.4. Y axis is the slump height (mm) and X axis is 

Superplasticizer in percentage. 

                   Table 4.10 Slump Test on Dangote Cement with Superplasticizer 

Sikament NN [%] Sikament NN [ml] Slump[ml] 

SP-0.0% 0 20.00 

SP-0.5% 500 30.00 

SP-1.0% 1000 55.00 

SP-1.5% 1500 115.00 

SP-2.0% 2000 125.00 
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Figure 4.3. Effect of SP dosage on slump 

 Workability was determined using such slump tests. The slump of the first set of   

specimens using Dangote Cement were 20 mm for control  mix, After the addition of 

Superplasticizer, the slump value increased to  30mm, 55mm, 115mm and 125mm as 

demonstrated in Figure 4.3. 

Table 4.11 Effect of SP dosage on slump 

              Sikament NN [%]      Sikament NN  [ml]           Slump[mm] 

SP-0.0% 0 57.50 

SP-0.5% 500 107.50 

SP-1.0% 1000 135.00 

SP-1.5% 1500 190.00 

SP-2.0% 2000 240.00 
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                                     Figure 4.4: Effect of SP dosage on slump 

 The slump of the first set of specimens using Derba Cement was 57.50 mm for 

control mix. After the addition of Superplasticizer, the slump value became 107.50 

mm, 135mm, 190mm and 240mm with respect to increasing of SP dosage as shown 

in Figure 4.4.  

 Hence, the SP dosage increased on the concrete mix, the two types of cement have 

distinct results as shown in Figure 4.3 and Figure 4.4. However, Superplasticising / 

water-reducing admixtures tend to increase the workability of concrete when the 

water cement ratio is not altered.  

Fig. 4.3 and Fig. 4.4 are shown slump in mm against change in specific dosages of 

Superplasticizer. During the increment of Superplasticizer [%], the slump [mm] value 

became increases as shown in the figure. The bar chart is plotted to observe the slump 

height condition, where five specimens “S” including the controlling specimen without SP. 

S1, S2, S3, and S4 had SP (Sikament NN) in a ratio 0.5, 1.0, 1.5, and 2.0 consecutively to 

represent admixture dosage of 500, 1000, 1500, and 2000 ml/ 100 kg of cement.  

At maximum dosage of SP, a greatest value of slump is shown at specimen S5 during 

concrete mixing of Dangote and Derba cement respectively. It is clear that with the increase 

of Superplasticizer the slump (mm) also increases. However, at the same dosage of S4, 

slump values are 125mm and 190mm in Dangote and Derba cement in concrete mix. Rate of 
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variation in slump height is 52 %[(( 190-125)/125) ×100]. At maximum dosage the slump 

value in mm also maximum and they have shown higher value at specimen S5. In addition, 

they have different slump values in each trial within the same dosage. Hence Derba cement 

has shown better slump results when compared to Dangote cement when Sikament® NN   

Superplasticzer is used in concrete mix. This gives that Derba cement has shown better 

workability and pumpability concrete mixture. 

  Moreover, increase in SP dosage is increased the workability of fresh concrete until the 

optimum SP dosage is reached. Since over dosage of SP will cause bleeding and 

segregation, and will affect the cohesiveness and uniformity of the concrete. As a result, 

compressive strength will reduce if the used dosage is beyond the optimum dosage. 

  
Table 4.12 Description of Workability and Magnitude of Slump [Dangote Cement] 

 Dosage 
% 

Slump 
Height [mm] Slump Change 

[mm] 

Acceptable Range of 
Two Result [ASTM 
C143] 

Discussion 

      [Minimum, mm]    

0.0 20 0 17 Low degree of 
Workability 

0.5 30 10 17 
 

Low degree of 
Workability 

1.0 55 35 25 Medium Workability 
1.5 115 95 25 High  Workability 
2.0 125 105 25 High  Workability 

      

Table 4.13 Description of Workability and Magnitude of Slump [Derba cement] 

 Dosage 
% 

Slump 
Height [mm] Slump Change 

[mm] 

Acceptable Range of 
Two Result [ASTM 
C143] 

Discussion 

   [Minimum, mm]  
0.0 57.5 0.0 25.0 Medium Workability 
0.5 107.5 50.0 25.0 Medium Workability 
1.0 135.0 77.5 25.0 Medium Workability 
1. 5 190.0 132.5 28.0 High Workability 
2.0 240.0 182.5 28.0 Very high Workability 
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Based on the recommendations of ASTM C143:- 

 It is observed that values of slump without Superplasticzer, concrete mix using 

Derba cement has shown better workability than Dangote Cement as illustrated in 

Table 4.12 and Table 4.13 respectively.  

 When adding 0.5% SP on concrete mix using such brand of cement, it is clearly 

shown that SP has effect on workability as demonstrated in Table 4.12 and Table 

4.13 respectively. Dangote cement has shown low degree of workability than Derba 

Cement concrete mix. 

 Also, when adding at 1% SP, the degree of workability became significant even  

both types of cement have medium workability, However, SP in Derba cement  is 

revealed more workability than Dangote cement i.e. [(77.5 – 35.5)/75 = 54.19% ] , 

comparing  to each other. 

 Likewise, after adding at 1.5% SP, both have shown higher  degree of workability 

but Derba  cement has shown better [(132.50-95.0)/132.5=28.30% ].  

 Finally, at 2.0% of SP, Derba Cement has shown higher workability than Dangote 

cement in concrete mixture. Moreover, initial slump helps to take longer time endure 

slump loss during transportation of concrete to the site. However, over dosage of 

such admixture will result high slump value and does not give true slump. 

In generally, due to the above mentioned facts ,the observed workability of  concrete 

mixture containing admixture like Sikament® NN  has shown appreciable workability than 

non –superplasticzered   concrete mixture . 
.                           Table 4.14   Fineness of Dangote and Derba OPC cements  

Cement type Sample Cement 
(gm.) 

Sieve 
size(mµ) 

Residue 
(gm.) 

%finer Remark 

 

Dangote 

1 50 150 2 96  

Recommended 2 50 150 2.4 95.2 

Average 95.6 

 

Derba 

1 50 150 4 92  

Recommended  2 50 150 3.6 92.8 

                                                                               
Average 

92.4 
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 Superplasticizer - Cement compatibility  

       Compatibility between cements and super plasticizers is affected by many factors, 

including cement composition, admixture type and dosage, and concrete mixture 

proportions. The type and dosage of admixture has major effect on the cement–

admixture compatibility issues. Primarily, SPs cause the slowing down of the dissolution 

of Ca2+ and inhibit ettringite crystallization Prince et al. (2002). The adsorption of the 

admixture on the surface of cement particles leads to a reduction of the chemical in 

solution. Thus, when adsorption levels are higher, more admixtures are required to 

obtain a given fluidity. 

The C3A content or, more specifically, the C3A to SO3 ratio has a profound effect on the 

compatibility between cement and SPs. When the C3A content of cement is high and the 

sulfate availability is low, Superplasticizer concretes experience high rates of slump 

loss. When there is less C3A available, higher amounts of SPs tend to adsorb on C3S and 

C2S, resulting in a reduction in the rate of strength development [36]. When we compare 

the slump value of the two types of cement, Dangote cement at 2.0% of SP, the slump 

became 125mm and Derba cement at 2.0% of SP, the slump became 240mm. Hence, 

production of concrete mix using Dangote cement demands more SP dosage than 

production of concrete mix using Derba cement to achieve the same workability. Since it 

is more fines than Derba cement. The average result of fineness of cement is indicted in 

Table 4.14.  

The chemical properties of cement, such as a high C3A content (which reduces the 

effectiveness of a given dosage of the super plasticizer) and the nature of calcium sulfate 

used as a retarder, also affect the performance of super plasticizers [29]. The finer the 

cement the higher the dosage of Superplasticizer required to obtain a desirable 

workability. Therefore, additional dosage of SP will be utilized to enhance the required 

workability and better strength. However, it needs further experimental test to define the 

optimize values of such Superplasticizer dosage.  
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   Setting Time and Consistence 

                  Table 4.15   Summary of Normal and Setting Time of Cement Paste 

Cement Paste Normal consistency Initial setting 
time(min) 

Final setting 
time(min) 

Dangote 
cement 

30.5 47.50 620 

Derba cement  31.3 57.50 655 

 

 

Figure 4.5   Normal Consistency and Setting time of the Paste 

Normal Consistency of Cement Paste results are demonstrated in Appendix A.1.2 and   

individual results are recorded in the Appendix A.1.3.The average results of the setting 

times are indicated in Table 4.15. American Standard ASTM C 150-09 recommended a 

minimum time for the initial setting time is 45 minutes. A Vicat apparatus is used 

throughout the test as prescribed in ASTM C 191-08.The usual range of water-cement ratio 

for normal consistence is between 26 to 33 percent. 

 To carry out setting time and consistence test on cement, it is important to determine 

the correct amount of water needed to make neat paste of satisfactory workability. The 

reason that determines the correct amount of water required is the rate of hydration and 

setting time are affected by water to cement ratio.  
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 Increase in dosage of the chemical admixtures will decelerate the rate of slump loss of 

fresh setting of concrete. SP will help to retain the concrete liquid state for a longer 

time; hence, it reduces the slump loss during the transportation of concrete to the site. 

In addition, over dosage of these admixtures will lead to high slump loss, which will 

not give true slump that as what we expect and desire. It is acceptable since continuous 

hydration process will produce calcium silicate hydrate to fill the pores between the 

cement particles and aggregate. As a result, setting of the concrete will reduce the 

fluidity of concrete, consequently reduce the slump too. Slump life is further improved 

at higher dosage and may retard the setting of cement, however should be limit beyond 

its saturation level.  

 Moreover, the study was carried out the comparisons of setting time for the two types 

of cement. Dangote cement has shown less setting time than Derba cement. Hence, 

Debra cement maintains more setting time as shown in Figure 4.5. Even if, slump loss 

and setting time have distant properties, slump is important for placing while setting 

time determines the schedule of finishing. Since longer setting time may actual need 

longer slump life for placing and finishing the mixture by the contractor during 

execution of concrete work. 

  4.3   Effect of Superplasticizer on Properties of Hardened Concrete Strength 

Concrete will change from a fluid to a plastic state, and finally to a solid hardened state with 

the development of hydration. The intense effect of Superplasticizer (SP) on properties of 

hardened concrete has also studied and the properties of concrete inspected are compressive 

strength, tensile strength. Let to discuss the effects of Superplasticzer on hardened concrete 

based on conducted experiment results with the reference values of control specimens. 

  Compressive, Tensile and Flexural Strength of concrete with different dosage of 

Superplasticizer are shown in Table 4.16 and Table 4.17. These tests were performed on 7 

days and 28 days. The values of SP dosage and Compressive, Splitting Tensile and Flexural 

Strength at different specific dosage of Superplasticizer also demonstrated in Figure 4.6 and 

Figure 4.7 consequently. 
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Table 4.16    Compressive, Tensile and Flexural Strength of concrete of Superplastered 

Concrete using Dangote Cement 

M-Code 
   Compressive Strength  Splitting  Tensile 

Strength      Flexural Strength Slump 
Value  

7 days  28 days  7  days 28 days 7 days  28 days 

SP-
0.0% 19.49 31.27 2.25 3.16 2.57 3.73 20.00 
SP-
0.5% 26.31 32.03 2.65 3.20 3.21 3.86 30.00 
SP-
1.0% 30.25 32.51 3.18 3.41 3.88 4.16 55.00 
SP-
1.5%  33.66 35.22 3.52 3.68 4.26 4.46 115.00 
SP-
2.0% 34.33 40.04 3.58 4.18 4.35 5.07 125.00 

                    

     Table 4.17 Compressive, Tensile and Flexural Strength of concrete of 

Superplastered Concrete using Derba Cement 

M-Code 
   Compressive Strength  Splitting  Tensile 

Strength 
     Flexural 
Strength Slump 

Value 
7 days  28 days  7  days 28 days 7 days  28 days 

SP-
0.0% 28.04 43.58 3.05 4.55 3.62 5.52 57.50 
SP-
0.5% 33.40 46.60 3.49 4.86 4.23 5.89 107.50 
SP-
1.0% 34.30 47.88 3.58 4.99 4.38 6.05 135.00 
SP-
1.5%  35.63 48.36 3.71 5.04 4.51 6.11 190.00 
SP-
2.0% 33.03 46.36 3.45 4.83 4.20 5.86 240.00 
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                Figure 4.6   Effect of SP dosage on compressive strength of Concrete 
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Figure 4.7    Effect of SP dosage on compressive strength of Concrete 

 From the Figure 4.6 and Figure 4.7, it is obviously shown that the strength gains 

continuously with the increment of Superplasticizer dosage. It also observed that 
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Superplasticizer has a lowest and highest dosage value corresponding to compressive 

strength. Continuous addition of Superplasticizer agent may not be able to increase the 

compressive strength of concrete continuously; rather high dosage reduces the strength 

significantly [6]. It is true that if dosage increases the compressive strength also increased. 

But excessive addition of SP disturbed the hydration process because extra addition of SP 

(Over dosage) provides more water to mix the concrete. Over dosage results also 

acceleration of deflocculating of cements particles. Moreover, the entrapped water 

increasing with the increasing of dosage and it creates hydration of cement. 

 4.3.1 Compressive Strength.  

Compressive strength tests were conducted at 7 and 28 days on all mixes. All test results 

were tabulated in Appendix C-1. These tables include the experimental test results of three 

cubical for each set. Typical results of conventional concrete specimen and mixes with 

Super plasticizers using Dangote Cement are presented in Figure 4.6, conventional concrete 

specimen and with Superplasticzers are also as shown in Figure 4.7 using Derba Cement. 

Figure 4.6 demonstrate effects of SP in compressive strength in Dangote cement type. At the 

7 days’ and 28 days’, the strength gain continuously for addition of chemical admixture and 

the compressive strength was increased with the increment of Superplasticizer dosage. It 

also observed that may have higher corresponding value of compressive strength if it would 

conducted further trial by considering more than 2.0% dosage SP.  

Figure 4.7 demonstrate strength verses dosage of Superplasticizer using Derba Cement in 

concrete mixture. It is observed the compressive strength of concrete is maximum at 1.5% 

of Superplasticizer dosage and obtained as 48.36 MPa.  Hence, it can be concluded that the 

optimum dosage of Superplasticizer for strength criteria is 1.5% and developed 48.36 MPa 

strength. Moreover, optimum dosage limit 0.5 - 1.5% SP can achieve higher strength in 

Derba cement than Dangote cement in concrete mixture.  However, 1.5% SP is turning point 

of the strength and becomes lower when more trial conducted further by   addition of more 

SP in specimen. Hence, due to excessive dose of SP will cause bleeding and segregation. 

And finally it affects the cohesiveness as well as uniformity of the concrete.  So, excessive 

bleeding can be avoided by optimal material selection and mixture proportioning [2]. 
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Generally, the analysis was based on the recommendation of ASTM C192 standard, the rate 

of Compressive strength development of concrete is proportional to the addition of chemical 

admixture.  
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                 Figure 4.8: Effect of SP dosage on splitting tensile strength of Concrete 
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           Figure 4.9: Effect of SP dosage on splitting tensile strength of Concrete 
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     4.3.2 Splitting Tensile Strength Test  

Tensile strength of concrete is difficult to measure directly to determine by tension method 

because of the problem associated gripping test specimens. For this reasons, the indirect 

tests such as splitting tensile test and the flexural are used. The indirect tension test is also 

called the splitting test or Brazilian test.  

The compressive strength and the tensile strength of concrete are considered in structural 

design like the design of highway and airfield slabs, shear strength, and resistance to 

cracking. Indeed there is no direct proportionality, but the ratio of the two strengths as the 

compressive  strength, fc, increases, the tensile strength, ft, also increases but at a decreasing 

rate and depend on the general level of concrete strength .A number of factors affect the 

relation between the two strengths. The property of fine aggregate, the grading of the 

aggregate and ages of curing are factors in the relation between ft and fc: the tensile strength 

increases more slowly than the compressive strength so that the ratio ft/fc decreases with 

time [29]. 

Splitting tensile test was carried out to determine the tensile strength of the concrete. 

Cylinders of 150mm dia. x 300mm high were cast from concrete mixes and kept on 

moisture   condition in laboratory. The specimen were tested in accordance with ASTM Test 

Method for Splitting Tensile Strength of Cylindrical Concrete Specimens(C 496) after 7and  

28 days of curing using a calibrated compression testing machine of 3,000 KN capacity. The 

test specimen was placed between the loading plates by keeping in lateral position along its 

length. The axis of the specimen was brought into line with the center of the lower pressure 

plate of compression testing machine. The compression was applied and ultimate load that 

carried by the specimen was recorded. The split tensile strength was calculated based on the 

ultimate load and the longitudinal cross-sectional area of the cylinder. Average of three 

values was taken for determining the strength.  
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Splitting tensile strength,  

 

f split=  

where, P= Ultimate load in  N  

L = Height of cylinder -300mm  

D = Dia. of cylinder – 150mm  

                      Table 4.18  Ratio of Tensile to Compressive Strength  

  

Dangote Cement 

  

M-Code 

   Compressive 
Strength, fc[MPa]  

Splitting  
Tensile 
Strength, 
ft[MPa] [ft/fc] 7days [ft/fc] 28days 

7 days  28 days  7  
days 28 days 

SP-0.0% 19.49 31.27 2.25 3.16 11.527 10.445 
SP-0.5% 26.31 32.03 2.65 3.20 10.072 9.978 
SP-1.0% 30.25 32.51 3.18 3.41 10.513 10.500 
SP-1.5%  33.66 35.22 3.52 3.68 10.459 10.441 
SP-2.0% 34.33 40.04 3.58 4.18 10.435 10.429 

 

 

                Table 4.19   Ratio of Tensile to Compressive Strength  

  

 

Derba Cement 

 

M-Code 

   Compressive 
Strength fc[MPa]   

Splitting  
Tensile Strength 
ft[MPa] [ft/fc](%)  

7days 
[ft/fc] (%) 
28days 

7 days  28 days  7  
days 28 days 

SP-0.0% 28.04 43.58 3.05 4.55 10.879 10.440 
SP-0.5% 33.40 46.60 3.49 4.86 10.448 10.433 
SP-1.0% 34.30 47.88 3.58 4.99 10.433 10.418 
SP-1.5%  35.63 48.36 3.71 5.04 10.422 10.420 
SP-2.0% 33.03 46.36 3.45 4.83 10.450 10.420 

 

 

 The splitting test is simple to perform and gives more uniform results than other tension 

tests.  The strength determined in the splitting test is believed to be close to the direct tensile 

strength of concrete, being 5 to 12 percent higher. With normal aggregate, the presence of 
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large particles near the surface to which the load is applied may influence the behavior 

Popovics (1998). 

Testing for tensile strength was carried out on 30 cylinders of standard size. Six cylinders 

were assigned to each batch for experimental purpose. Table 4.20 and Table 4.21 are shown 

the details of test results of tensile strength at 7 days and 28 days. In all cases, the test was 

conducting after the specimens were soaked away a few hours. The highest value of tensile 

strength i.e. 3.58 MPa and 4.18MPa were obtained using Dangote cement in concrete 

mixture at 2.0% dosage of SP. Also, 3.71 MPa and 5.04 MPa were obtained using Derba 

cement in concrete mixture at 1.5% dosage of SP. When 2% dosage of SP added, the 

gaining of strength as compared to reference specimen was increased by 27.8% and 9.72% 

in tensile strength on Dangote and Derba cement concrete mix respectively, but it was lower 

in rate of strength gaining, higher value in lesser dosage of SP. The lowest values of tensile 

strength (3.16 MPa and 4.55MPa) were obtained when no Superplasticizer were used in 

both types of cement. In general, the increment of tensile strength has tendency to go up 

with increment of Superplasticizer as demonstrated in Figure 4.10 and in Figure 4.11. 

As shown in Table 4.20 and Table 4.21, 7 days and 28 days of the tensile strength increase 

more slowly than the compressive. Hence, age of curing affects the tensile strength and it is 

a factor in the relation between ft and fc. So, the ratio of   ft/fc   is decreases with time 

Komlos (1986). It is the general tendency of the ratio to decrease with an increase in fc.  

Table 4.20 Change in Strength in Percentage 

  

Dangote Cement 

  

M-Code 

   Compressive 
Strength, fc[MPa]  

Splitting  
Tensile 
Strength, 
ft[MPa] Δfc in % Δft in % 

7 days  28 days  7  days 28 days 

SP-0.0% 19.49 31.27 2.25 3.16 60.440 45.378 
SP-0.5% 26.31 32.03 2.65 3.20 21.736 20.591 
SP-1.0% 30.25 32.51 3.18 3.41 7.459 7.330 
SP-1.5%  33.66 35.22 3.52 3.68 4.643 4.467 
SP-2.0% 34.33 40.04 3.58 4.18 16.632 16.566 
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M-Code 

   Compressive 
Strength fc[MPa] 

Splitting  
Tensile Strength 
ft[MPa] Δfc in% Δft in % 

7 days  28 days  7  days 28 days 

SP-0.0% 28.04 43.58 3.05 4.55 55.438 49.164 
SP-0.5% 33.40 46.60 3.49 4.86 39.524 39.318 
SP-1.0% 34.30 47.88 3.58 4.99 39.589 39.388 
SP-1.5%  35.63 48.36 3.71 5.04 35.727 35.708 
SP-2.0% 33.03 46.36 3.45 4.83 40.371 39.966 
 

The change in percentage compressive strength and spilt tensile strength in the production of 

specimen by Dangote cement and Derba cement were illustrated more in Table 4.20 and 

Table 4.21. The tables are demonstrated that the rate in development of spilt tensile strength 

is less than compressive strength. 

 

 
            Figure 4.10 : Effect of SP dosage on flexural strength of Concrete 

Table 4.21 Change in Strength in Percentage Debra cement 
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                   Figure 4.11: Effect of SP dosage on flexural strength of Concrete 

4.3.3 Flexural Strength Test 

Flexural strength tests are indirect tests to determine the tensile strength of concrete. It is a 

measure of unreinforced concrete beam or slab to resist failure in bending. The theoretical 

maximum tensile stress reached at the bottom fibers of the tested beam is known as the 

modulus of rupture. It is important for design and construction of road and airport concrete 

pavements.  

The tests were carried out on the specimen 100 x 100 x 500mm beams loaded at third point 

according to ASTM C78. First, using predetermined mixing proportions, the concrete were 

cast in the molds. After curing of the samples in 7days and 28 days, application of specified 

load to the specimen at third points along the span, the failure load at which the concrete 

cracks was then recorded in KN and by using formula, calculate the flexural strength in MPa 

resulting in maximum bending moment in the middle third of the specimen on Flexural 

Testing Machine [Tecnoset]. The specimen was placed in machine in such a manner that the 

load was applied to the appearing most surface as cast mold along 2-lines apart at 133 mm.  
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Flexural strength,  

 

where, P= Ultimate load in N  

L = Span of beam – 400mm  

B, d= Width & depth of beam – 100mm  

Flexural strength tests were conducted for all mixes including the references specimens. The 

results at 7 and 28 days are tabulated in Appendix C. The results of the concrete mixture 

using Dangote Cement with Superplasticizer are observed in Figure 4.22, and concrete 

mixture using Derba Cement with super plasticizers are also observed in Figure 4.21. 

Table 4.22    Flexural Strength change with SP 

Dangote Cement 

M-Code 

Compressive Strength Flexural Strength 

7 days 28 days 7 days 28 days 

SP-0.0% 19.49 31.27 2.57 3.73 
SP-0.5% 26.31 32.03 3.21 3.86 
SP-1.0% 30.25 32.51 3.88 4.16 
SP-1.5% 33.66 35.22 4.26 4.46 
SP-2.0% 34.33 40.04 4.35 5.07 

 
 

Table 4.23   Flexural Strength change with SP 
                               Derba Cement 

   

M-Code 
   Compressive Strength       Flexural Strength 

7 days  28 days  7 days  28 days 

SP-0.0% 28.04 43.58 3.62 5.52 
SP-0.5% 33.40 46.60 4.23 5.89 
SP-1.0% 34.30 47.88 4.38 6.05 
SP-1.5%  35.63 48.36 4.51 6.11 
SP-2.0% 33.03 46.36 4.20 5.86 

 

The strength development at the age of 7th and 28th days are discussed here ,the produced 

specimens of  0.5%, 1%, 1.5% and 2.0% dosage of SP with respect to the referenced 

concrete. At the age of 7th days, the rate of flexural strength development of 0%, 0.5%, 1% 
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1.5% and 2.0% dosage of SP added to concrete and obtained 2.57MPa, 3.21MPa, 3.88 MPa, 

4.26 MPa and 4.35MPa, for Dangote cement concrete mix and 3.63 MPa, 4.23MPa, 4.38 

MPa, 4.51MPa and 4.20MPa for Derba cement concrete mix. At the age of 28th days, the 

rate of flexural strength development of 0%, 0.5%, 1% 1.5% and 2.0% of superplasticized 

admixture added to concrete were 3.97MPa, 3.86MPa, 4.16MPa, 4.46 MPa and 5.07MPa for 

Dangote cement and 5.52. MPa, 5.89MPa, 6.05 MPa, 6.11MPa and 5.86MPa for Derba 

cement. This indicates that the rate of flexural strength was improved when admixture was 

added to fresh concrete as demonstrated in Table 4.22 and Table 4.23. And the result also 

supported the effects of SP dosage at 2.0% and 1.5% have shown the maximum value for 

Dangote and Derba Cement respectively.  

4.4 Economic Analysis of Concrete Mixture  
Due to cost variation and unreliable market data, it seems difficult arriving basic decision 

regarding the comparison of the use of Superplasticizer with two types of locally produced 

cement with respect to conventional concrete mixture. However, the following section is 

discussed the cost analysis of the two concrete mixtures.  

Based on the current market price [September 2019], comparative analysis is carried out .The 

following are Materials Price index;  

 
                                            Table 4.24    Materials Price   
 
Item 
No. 

Materials Unit Quantity  Birr( ETB) 

1 Cement [Dangote] Quintal 1 285.00 
2 Cement [Derba] Quintal 1 265.00 
3 Superplasticizer Liter 1 80.00 
4 Fine aggregate M3 1 562.50 
5 Coarse aggregate M3 1 462.96 
6 Water Liter 1 2.00 
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Table 4.25     Mix Proportioning of 1m3 Concrete mixture using Dangote cement with 
variable reduction of SP and Water (w/c=0.45) 

 

Admixture Amount of 
cement(kg/m3) 

Water 
(lt/m3) 

Amount of 
admixture 
(kg/m3) 

   Sand 
used     
(kg/m3) 

Gravel 
used 
(kg/m3)  

Total 
Cost 
incurred 
by per 
1m3 

0.00% 450.00 207.00   660 1035.00   

Cost(birr) 1282.50 414.00   562.50 462.96 2721.96 
0.50% 450.00 165.60 2.25 660.00 1035.00   
Cost(birr) 1282.50 331.20 180.00 562.50 462.96 2819.16 
1.00% 450.00 159.39 4.50 660.00 1035.00   
Cost(birr) 1282.50 318.78 360.00 562.50 462.96 2986.74 

1.50% 450.00 151.11 6.75 660.00 1035.00   

Cost(birr) 1282.50 302.22 540.00 562.50 462.96 3150.18 
2.00% 450.00 144.90 9.00 660.00 1035.00   

Cost(birr) 1282.50 289.80 720.00 562.50 462.96 3317.76 
 

Table 4.26    Mix Proportioning of 1m3 Concrete mixture using Derba cement   with 
variable reduction of SP and Water (w/c=0.45) 

Admixture 
Amount of 
cement 
(kg/m3) 

Water 
(lt/m3) 

Amount of 
admixture 
(kg/m3) 

Sand 
used 
(kg/m3) 

Gravel 
used 
(kg/m3) 

Total 
Cost 
incurred 
by per 
1m3 

0.00% 450.00 207.00   660.00 1035.00   

Cost(birr) 1192.50 414.00   562.50 
            
462.96  2631.96 

0.50% 450.00 165.60 2.25 660.00 1035.00 
 Cost(birr) 1192.50 331.20 180.00 562.50 462.96 2729.16 

1.00% 450.00 159.39 4.50 660.00 1035.00 
 Cost(birr) 1192.50 318.78 360.00 562.50 462.96 2896.74 

1.50% 450.00 151.11 6.75 660.00 1035.00 
 Cost(birr) 1192.50 302.22 540.00 562.50 462.96 3059.68 

2.00% 450.00 144.90 9.00 660.00 1035.00 
 Cost(birr) 1192.50 289.80 720.00 562.50 462.96 3227.76 
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Even if the price of cement is the main variable in concrete mixture, according to the result 

which shown in Table 25, dosage of Superplasticizer affects the costs of the concrete 

production. When 0.5%, 1% and 1.5% and 2.0% dosage of SP are added in the production 

using Dangote cement, the costa are 2819.16 birr/m3, 2986.74 birr/m3,   3150.18 birr/m3 and 

3317.76 birr /m3   respectively. 

Also, according to the result which is shown in Table 26, when 0.5%, 1% and 1.5% and 

2.0% Superplasticizer added in the production of concrete  using Derba cement , the costa 

are 2729.16 birr/m3, 2896.74 birr/m3,   3059.68 birr/m3 and 3227.76 birr /m3   respectively. 

 

    Let consider comparing the two types of cement in specific dosage, at 1.5%, the optimized 

SP dosage on Derba cement which was obtained conducing the experiment and 2% which 

was the maximum but not optimized SP dosage on concrete mix of Dangote cement on the 

study. It demand more than 7.78% in price if it used Dangote cement (3317.76-

3059.68/3317.76)*100=7.78%) to produce 1m3 of concrete mix .It may also require more 

price when  the effective  dosage of SP will determine by further study to produce concrete 

mix of  Dangote cement.  

 

Finally, the third objective of this study was to determine effective dosage of SP on Dangote 

and Derba cement. From the illustration in Figure 4.3 and Figure 4.4, it is observed that less 

amount of SP dosage [i.e. 1.5%] was required for Derba cement than Dangote cement 

[i.e.2.0%] to acquire more workability effects on fresh concrete production. Hence, Derba 

cement is more economical to enhance better workability and better achievement of strength 

by less or optimized dosage of SP than Dangote cement as demonstrated in the Table 25 and 

Table 26.  
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATION 

 

Concrete technology has greatly advanced since 1960s and furnishes to the divergent needs 

to present day complex structure and high rise buildings. In this respect, chemical 

admixtures play a very significant and vital role. Accordingly, continuous research and 

development has been made in chemical admixture to engage in the construction industry 

and considering one of ingredients in construction activities. Hence, these experiments were 

carried out to determine the optimum dosage of Superplasticzers and studied its effect on 

fresh and hardened concrete properties using different brand of cements and Superplasticzer.  

5.1. Conclusions 

Marsh Cone Test was performed to find out optimum dosage superplasticzer (SP), the 

influences of Superplasticizer on fresh and hardened state of concrete mix were also studied 

and the following conclusions are outlined from the results:- 

1. From the investigation, Optimum Dosage of Sikament® NN superplasticzer  are  

1.0% and 1.25%  in  the respect of  Derba  Cement ; and 2.25% and  2.50%  in the 

respect of Dangote  Cement  ,for a selected water cement ratio of 0.45  and 0.40  

respectively.  

2. It also observed that  the Optimum Dosage of SASplast SP60  are  1.75% and  2.0 %  

in the respect of  Derba  Cement ; and 2.0 % and  2.25%  in the respect of Dangote 

Cement ,for a selected water cement ratio of 0.45  and 0.40  respectively. 

3. It noticed that the optimum dosages derived from the above tests fall within the range 

recommended by manufactures and it can be point out the two SPs are compatible 

with the cements used for such  experiment for selected water cement ratio.  

4. Marsh cone test can be effectively used as useful tool for optimization of doses of 

Superplasticizer. 

     5. From the observation of test result, the addition of Superplasticzers admixtures 

improves the workability without increasing water demand. As per the requirement of 
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ASTM C143 standard, the addition of 0.5% Superplasticzer admixture in the concrete 

mix does not provide a significant improvement on workability on Dangote cement 

concrete mix. However, 1%, 1.5% and 2% of SPs on concrete mix have significant 

change on workability on Dangote cement. Also, the additions of 0.5%, 1.0% and 

1.5%, of SPs in trial mix using Derba cement, they have shown increment in degree 

of workability. However, beyond 1.5% SP, have effects of bleeding and segregation 

of concrete mix.  

 6.   Derba cement developed higher workability at lesser dosage of Superplasticizer 

(1.5%) and save SP cost around 7.78% per cubic meter than concrete mix of Dangote 

cement. 

7.   Based on the experimental observation, Superplasticizer is improved the Compressive 

strength of concrete mix. However all dosages do not show a significant change on 

compressive strength as stated in ASTM C129. Variations of SP dosage with cement 

type alter behavior of fresh and hardened concrete properties due to its composition 

nature. At 1.5% of SP dosage Derba cement shown higher strength (48.36 Mpa) than 

Dangote cement (35.22 Mpa).Also, at 2.0% of SP ,their compressive strength are 

46.36 MP and 40.07 MP respectively. Hence, Concrete mix of Derba cement 

obtained more compressive strength than Dangote cement in lesser quantity of 

Superplasticizer dosage. 

8.  It also observed that amount of water can be reduced by 20%, 23%, 27% and 30% 

during adding of 0.5%, 1%, 1.5% and 2.0% of Superplasticizer when using both types 

of cement in concrete mix. According to ASTM C494 /C1494M, a minimum water 

reduction is 12% or greater for high range water-reducing. Therefore, it complies with 

the requirement specified in the standard.  

9.  Furthermore, it is observed that the superplasticized concrete specimens contributed 

higher strength in Splitting Tensile Strength (ASTM C 496) and Flexural Strengths 

(ASTM C78) than the control specimens at 7 and 28 days. Hence, the rates of 

Splitting Tensile and flexural strengths are improved when admixtures added to fresh 

concrete.  
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5.2. Recommendation 

           Based on the study, the following recommendations are suggested; 

5.2.1 Recommendation from the study 

1. For Sikament® NN and SASplast SP60 admixtures, optimum dosage of admixture in 

Derba and Dangote cements are different for different w/c ratio. Therefore, it is 

recommended to perform trial mixes to limit the admixture dosage for different w/c 

ratio before implementing in concrete mix.  

2. During the selection of chemical admixtures, it should be conduct preliminary test 

before directly use of admixtures in concrete mixture to verify compatibility of cement 

and Superplasticzer.   

3. Using Marsh Cone Test, preliminary test should be carrying out before direct use of 

recommended dosage in technical specification of supplier. Because it can give 

realistic dosage than manufacturer’s instruction which is general in nature. 

4. It is recommended to use such Superplasticizer admixture to enhance more 

workability, slump retentions , for high water reduction and  pronounced increase of 

final strengths, 

5. It is recommended to use such Superplasticizer admixture to be economical also 

regarding time wise and cost wise in construction industry.    

5.2.2 Recommendation for future study 

1. Further experimental study shall be done on various brands of cement and 

Superplasticizer admixtures that are of locally produced and prominent on the market 

to estimation Superplasticizer dosage for the desired workability of concrete  

 2.  Further study shall be performed on compatibility of Superplasticizer admixture and    

Cement, effect of Superplasticizer on slump loss and effect of fineness and chemical 

composition of cement on Superplasticizer admixture.  

3. Standardization and quality control institution should be established nationally by 

concerned stakeholders to support the supplier, end users and researchers. 
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APPENDICES 

Appendix -A 

MATERIALS TEST RESULTS 

                                                A.1. Properties of Cement 

                                                A.1.1 Fineness of Dangote and Derba OPC cements  

Cement type Sample Cement (gm.) Sieve 
size(mµ) 

Residue 
(gm.) 

%finer Remark 

 

Dangote 

1 50 150 2 96  

Recommended 2 50 150 2.4 95.2 

Average 95.6 

 

Derba 

1 50 150 4 92  

Recommended  2 50 150 3.6 92.8 

                                                                               

Average 

92.4 

 

                     A.1.2 Normal Consistency of Cement Paste 

     Normal Consistency of Dangote Cement 

Trial No. Cement sample 
(gm.) 

Water 
(ml) 

Penetration 
depth (mm) 

Time taken 
(min) 

Normal 
Consistency (%) 

1 400 100 3.8 4 25.0 

2 400 110 6.4 4 27.5 

3 400 120 8.3 5 30.0 

4 400 125 8.7 4 31.3 

5 400 130 10 5 32.5 
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 Normal Consistency of Derba Cement 

Trial No. Cement sample 
(gm.) Water (%) Penetration 

depth (mm) 
Time taken 
(min) 

Normal 
Consistency (%) 

1 400 100 6 4 25.0 

2 400 110 7.5 5 27.5 

3 400 115 8.6 4 28.8 

4 400 120 8.8 5 30.0 

5 400 125 9.7 5 31.3 

A.1.3   Setting Time of Cement Paste 

Setting Time of Derba  Cement 

Trial 
No. 

Cement (gm.) Water (gm.) Penetration 
Depth (mm) Time(min) Remark 

Mixing start: - 00:00  

1 400 32.5 40 10:00  

2 400 32.5 36 20:00 Initial setting time obtained 
by interpolating 
penetration depth between 
27 and 24 at 25mm was 
56.7 minutes 

3 400 32.5 33 30:00 

4 400 32.5 29 40:00 

5 400 32.5 27 50:00 

6 400 32.5 24 60:00 

7 400 32.5 22 70:00  

8 400 32.5 - -  

9 400 32.5 - -  

10 400 32.5 - -  

11 400 32.5 - - Final setting time is 655 
minutes 

12 400 32.5 0 655 

Setting Time of Dangote Cement 

Trial Cement (gm.) Water (gm.) Penetration Time (min) Remark 
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No. Depth (mm) 

Mixing start: - 00:00  

1 400 31.3 38 10:00  

2 400 31.3 36 20:00 Initial setting time obtained 
by interpolating 
penetration depth between 
28 and 24 at 25mm was 
47.5 minutes 

3 400 31.3 32 30:00 

4 400 31.3 28 40:00 

5 400 31.3 24 50:00 

6 400 31.3 23 60:00 

7 400 31.3 19 70:00  

8 400 31.3 - -  

9 400 31.3 - -  

10 400 31.3 - -  

11 400 31.3 - - Final setting time is 620 
minutes 

12 400 31.3 0 620 
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   A.1.4   Summary of Normal and Setting Time of Cement Paste 

Cement Paste Normal consistency Initial setting time(min) Final setting time(min) 

Dangote cement 32.5 47.50 620 

Derba cement  31.3 57.50 655 

                 

32.5 31.347.5 57.5

620
655
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A.2. Physical Properties of Concrete Making Materials 

A.2.1. Properties of Fine Aggregate  

                        A.2.1.1 Compacted Unit weight 

Sample 
Wt. of aggregate 

(kg) 

Volume of container   

(m3) 

Compacted  unit weight 

(kg/m3 ) 

Sample-1  1.31 0.001 1310 

Sample-2  1.33 0.001 1330 

                                                                                                      

Mean  

1320 

   A.2.1.2 Loose Unit Weight 

Sample 
Wt. of aggregate 

(kg) 

Volume of container   

(m3 ) 

Loose unit weight 

(kg/m3 ) 

Sample-1  1.20 0.001 1200 

Sample-2  1..24 0.001 1240 

                                                                                                         

Mean  

1220 
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A.2.1.3 Silt Content 

Silt content 

 Amount of Silt deposit Amount of clear sand Silt content 

Sample 1 8.00ml 295ml 2.70% 

Sample 2 11.00ml 276ml 3.98% 

Sample 3 10.00ml 284ml 3.50% 

Mean 9.67ml 285ml 3.40% 

       A.2.1.4 Sieve Analysis  

Table 3.3: Sieve analysis results for fine aggregate 

Weight of sample taken = 500gm 

Sieve Size 
Weight 

Retain(gm.) 
Weight 

Retained (%) 

Cumulative  

Retained (%) 

Cumulative  

Passing (%) 

ES C.D3.201 

Cumulative Passing (%) 

9.5mm 0.00 0.00 0.00 100 100 

4.75mm 14.20 2.84 2.84 97.16 95-100 

2.36mm 55.50 11.10 13.94 86.06 80-100 

1.18mm 110.53 18.906 32.846 67.154 50-85 

600µm 151.70 30.34 63.186 36.914 25-60 

300µm 61.80 12.36 75.546 24.454 10-30 

150µm 82.43 16.486 92.032 7.968 2-10 

Pan 21.84 -  - - 

Total 500  280.39 - - 

                                 FM =  2.80 
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A.2.1.5. Specific gravity 

Weight of pycnometer = 250gm  

Weight of sand = 500gm  

Va = Volume of water added to pycnometer = 809cm3  

V = Volume of pycnometer = 1000cm3  

A = weight of oven-dry sample in air, [gm.] = 495.05gm 

Formula: 

 C = 0.9976Va + 500 + W  

Where:  

 C = weight of pycnometer filled with sample plus, water, [gm.]  

Va = volume of water added to pycnometer, [cm3]  

W = weight of the pycnometer, [gm.]  

C = 0.9976Va + 500 + W 

C = 0.9976*809+ 500 + 250 

C = 1557.2 

 B=0.9976V + W 

Where: 

B = weight of flask filled with water, [g] 

V = volume of flask, [cm3]  

W = weight of flask empty, [g]  

B=0.9976V + W 
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B = 0.9976 *1000 + 250 

B = 1247.6 

Bulk specific gravity: 

Bulk sp. gr = A/B+500-C = 495.05/1247.6 +500 -1557.2 = 2.6 

Bulk sp. gr = 2.6 

Bulk specific gravity (saturated-surface dry): 

Bulk sp. gr. (saturated- surface dry) = 500/B+500-C 

Bulk sp. gr. (saturated-surface dry) = 500/B+500-C = 500/1247.6+500-1557.2 = 2.63 

Apparent specific gravity:  

Apparent sp. gr. = A/B+A-C 

Apparent sp. gr. = 495.05./1247.6+495.05-1557.2 = 2.67 

 Apparent sp. gr. = 2.67 

 Absorption capacity: 

 Absorption capacity (%) = [500-A/A]*100 = 500-495.05/495.05*100 = 1.0% 

 Moisture content: 

A = weight of original sample = 500gm  

B= weight of oven dry sample = 490.2gm  

W= moisture content (%) 

W = A-B/B*100= 500-490.2/490.2*100 = 2.0% 
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Table 3.4 Summary of test results for fine aggregate 

No Test Description Test Result 
1 Silt Content 3.40% 

 
2 Moisture Content 2.00% 

3 Unit weight 1320 kg/m3 

4 Absorption Capacity 1.00% 

 

5 

 

 
 
Specific gravity 

Bulk 2.60 
Bulk(SSD) 2.62 
Apparent 2..67 

6 Fineness Modulus 2.80 

   

A.2.2. Properties of Coarse Aggregate 

A.2.2.1   Unit Weight  

A.2.2.2. Compacted Unit weight  

Table 3.4 Summary of test results for fine aggregate 

Sample Wt. of aggregate (kg) Volume of container   (m3 ) Compacted  unit weight (kg/m3 ) 

Sample-1  8.46 0.005 1692 

Sample-2  8.14 0.005 1628 

                                                                                                      Mean  1660 

Sample Wt. of aggregate (kg) Volume of container   (m3 ) Loose unit weight (kg/m3 ) 

Sample-1  7.52 0.005 1504 

Sample-2  7.60 0.005 1520 

                                                                                                      Mean 1512 
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  A.2.2.3 Sieve Analysis 

           
Table 3.6 Sieve Analysis of Course Aggregate 

Weight of sample taken = 2000gm 

Sieve Size Weight 
Retain(gm.) 

Weight 
Retained (%) 

Cumulative    
Retained (%) 

Cumulative 

Passing (%) 

ES C.D3.201 

Cumulative Pass (%) 

75mm 0 100 0 100 100 

63mm 0 100 0 100 100 

37.5mm 0 100 0 100 95-100 

19mm 870.56 43.528 43.528 56.472 30-70 

12.5mm 674.30 33.715 77.243 22.757 10-40 

9.5mm 247.50 12.375 89.618 10.382 10-30 

4.75mm 183.70 9.185 98.803 1.197 0-5 

Pan 24.43 - - - - 

Total        2000  309.192 - - 

                               FM= 3.091 

 

        A.2.2.4 Specific gravity: 

Weight of oven dry sample in air (mass A) = 4897gm  

Weight of saturated surface dry sample in air (mass B) = 4989gm  

Weight of saturated sample in water (mass C) = 3176gm 

Bulk specific gravity: 

Bulk sp. gr. = A/B-C = 4897/[4989-3176] = 2.7 

Bulk specific gravity (saturated surface dry basis):  

Bulk sp. gr. (saturated surface dry basis) = B/[B-C]= 4989/4989-3176 = 2.75 
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Apparent specific gravity:  

Apparent specific gravity =A/A-C = [4897]/[4897- 3176 ]= 2.85 

Absorption capacity (%):  

Absorption capacity = B-A/A*100 = [[4989-4886]/4886]*100 = 2.10% 

Moisture content: 

 A = weight of original sample = 2000gm  

B = weight of oven dry sample = 1984gm  

W = moisture content (%) 

 Moisture content (%W) = A-B/B = [2000-1984/1984]*100 = 0.81% 

Table 3.5 Summary of test results for coarse aggregate 

No Test Description Test Result 

1 Maximum Size  20mm 

2 Moisture Content  0.80% 

3 Unit Weight   1660 kg/m3 

4 Absorption Capacity  2.00% 

 

5 

 

 

 

Specific Gravity 

Bulk  2.70 

Bulk(SSD)  2.75 

Apparent  2.80 
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                          A.3. MIX DESIGN  

 MATERIALS AVAILABLE AND RESULTS FROM LABORATPRY EXPERIMENT  

 A specified compressive strength (characteristic strength) of 30 MPa is required at 28 

days measured on standard cube of dimension 150m x 150mm x150mm.  

 The standard deviation can be taken as 5MPa (Recommended by ACI) 

 Slump should be between 25 mm and 100 mm 

 Cement: OPC Dangote and Derba Type I  

 Coarse aggregate: Nominal maximum size 20mm. 

 Moisture content = 0.8% 

 Specific gravity = 2.7 

 Unit weight  = 1660kg/m3 

 Absorption capacity = 2% 

 Fine aggregate: Natural sand  

 Moisture content = 2.0% 

 Specific gravity = 2.6 

 Absorption capacity = 1.0% 

 Fineness modulus = 2.80  

   Assuming 5% of results are allowed to fall below specified design strength, 

The mean strength, fm = fmin +ks 

fm= 30MPa + 5MPa *1.64 = 38.2MPa 

1. Estimation of mixing water and air content: From table 3-8 

 Weight of water = 200.0 kg/m3 and air= 2% 

Water/cement ratio: From table 3-1 

W: C = 0.45 

Calculation of cement content:  

Weight of cement = weight of water/w : c = 200/0.45 = 455.55 kg 

2. Estimation of coarse aggregate content:  The quantity of 20-mm nominal maximum-

size coarse aggregate can be estimated from table 3-5. The bulk volume of coarse 

aggregate recommended when using sand with a fineness modulus of 2.8 is 0.62. Since it 

has a bulk density of 1660 kg/m3, the oven dry mass of coarse aggregate for a cubic 

meter of concrete is 1660kg/m3 x 0.62m3 = 1029.20 kg.  
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3. 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   =                           200kg 

                                                             1 x 1000kg/m3               = 0.20m3 

                         Cement =                       444.44 kg 

                                                              3.15 x 1000kg/m3         = 0.141 m3 

                         Air =                             2 

                                                            100                                  = 0.020 m3 

                       Coarse aggregate =          1029.20kg 

                                                          2.70 x 1000kg/m3               =   0.381 m3 

 

Total volume of known ingredients                                         = 0.742 m3 

The calculated absolute volume of fine aggregate is then 1-0.742 = 0.258m3 

The mass of dry fine aggregate is 0.258x2.6x1000kg/m3 = 670.80 kg 

 

Note: volume = m/ sp.gr*Pw 

                    Water =200 kg 

                     Cement = 444.44 kg 

                     Coarse aggregate (dry) = 1029.20 kg 

                     Fine aggregate (dry) = 670.80kg 

        

4. Adjust moisture content:  With the aggregate moisture contents (MC) indicated, the 

trial batch aggregate proportions become: 

 Fine aggregate (2% MC) = 670.80+670.80*0.02 = 684.21 kg (in stock condition) 

 Coarse aggregate (0.8% MC) = 1029.20 + 1029.20 *0.005 = 1037.43 kg (in stock condition) 
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Water absorbed and surface moisture of the aggregates does not become part of the mixing water 

and must be excluded from the water adjustment. Surface moisture contributed by coarse 

aggregate is 0.8% and absorption capacity is 2.0%. And Surface moisture contributed by fine 

aggregate is 2% and absorption capacity is 1%. The estimated requirement for water becomes 

200+ [(1.2% x 1029.20) - (684.21x 1%)] = 205.51 kg 

The estimated batch weights for one cubic meter of concrete are revised to include aggregate 

moisture as follows: 

 Water (to be added) = 205.51 kg 

 Cement = 444.44 kg 

 Fine aggregate (2% MC, wet)  684.21 kg 

 Coarse aggregate (0.5% MC, wet) 1034.34  kg 

5. Perform trial batches  

                                                      APPENDIX-B 

OPC-
Dangote/
Derba 

Water 

(kg) 

Cement 

(kg) 

FA 

(kg) 

CA 

(kg) 

SP 

(%) 

SP 

(ml) 

  

FA 

 

CA 

M-0 5 10 14 23 0 0 Specific 
gravity 

2.6 2.7 

M-.5 4 10 14 23 0.5 50 AC 1 2 

M-1 3.85 10 14 23 1 100 MC 2 0.5 

M-1.5 3.65 10 14 23 1.5 150 FM 2.8 - 

M-2 3.5 10 14 23 2 200 Unit 
weight(kg/m3) 

 1660 

1m3 207 450 660 1035  1350ml Max aggr.size  20mm 

TMS = 38.5 
Mpa 

         

Mix design for C-30             
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                                                                             APPENDIX-C 

 

APPENDIX – C1 

  

 
DERBA CEMENT 

  

 
C-30, Compressive Strength (0%SP, Control)  

  

 
S.N Taste 

age(days)  
Slump 
(mm) 

Dimension(cm) Weight  Volume  
(cm3) Failure 

Load 

Compressive 
Strength  

Unit 
Weight 

  

 
W L H (gm)   (MPa) (gm/cm3) 

  
 

1 
7 57.5 

15 15 15 7850 3375 646.10 28.72 2.33 
  

 
2 15 15 15 7980 3375 651.20 28.94 2.36 

  
 

3 15 15 15 7925 3375 595.10 26.45 2.35 
  

 
                                                                  Mean       28.04 2.35 

  
 

1 
28 57.5 

15 15 15 7795 3375 938.80 41.72 2.31 
  

 
2 15 15 15 8410 3375 1026.69 45.63 2.49 

  
 

3 15 15 15 7660 3375 976.01 43.38 2.27 
  

 
                                                                  Mean       43.58 2.36 
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    C-30, Compressive Strength (0.5% SP)  

 

 

S.N Taste 
age(days)  

Slump 
(mm) 

Dimension(cm) Weight (gm) 
Volume  
(cm3) Failure 

Load 

Compressive 
Strength 
(MPa) 

Unit Weight 

  
 

W L H     (gm/cm3) 
  

 
1 

7 107.5 
15 15 15 7895 3375 666.70 29.63 2.34 

  
 

2 15 15 15 8100 3375 864.90 38.44 2.40 
  

 
3 15 15 15 7985 3375 723.00 32.13 2.37 

  
 

                                                                  Mean       33.40 2.37 
  

 
1 

28 10.7 
15 15 15 8105 3375 977.70 43.45 2.40 

  
 

2 15 15 15 7925 3375 1241.20 55.16 2.35 
  

 
3 15 15 15 7920 3375 926.80 41.19 2.35 

  
 

                                           Mean       46.60 2.37 
  

 
C-30,    Compressive Strength (1%SP)  

  

 

S.N Taste 
age(days)  

Slump 
(mm) 

Dimension(cm) Weight (gm) Volume  
(cm3) 

Failure 
Load 

Compressive 
Strength 
(MPa) 

Unit Weight 

  
 

W L H         (gm/cm3) 
  

 
1 

7 135 
15 15 15 7370 3375 799.2 35.52 2.18 

  
 

2 15 15 15 7840 3375 701.83 31.19 2.32 
  

 
3 15 15 15 7956 3375 814.2 36.19 2.36 

  
 

                                                                  Mean       34.30 2.29 
  

 
1 

28 135 
15 15 15 7670 3375 1160.20 51.56 2.27 

  
 

2 15 15 15 7525 3375 1022.40 45.44 2.23 
  

 
3 15 15 15 7730 3375 1049.20 46.63 2.29 

  
 

                                                                  Mean       47.88 2.26 
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C-30, Compressive Strength (1.5%SP)  

 

S.N Taste 
age(days)  

Slump 
(mm) 

Dimension(cm) Weight (gm) Volume  
(cm3) 

Failure 
Load 

Compressive 
Strength 
(MPa) 

Unit Weight 

  
 

W L H         (gm/cm3) 
  

 
1 

7 190 
15 15 15 8170 3375 859.10 38.18 2.42 

  
 

2 15 15 15 8010 3375 741.30 32.95 2.37 
  

 
3 15 15 15 7790 3375 804.50 35.76 2.31 

  
 

                                                                  Mean       35.63 2.37 
  

 
1 

28 190 
15 15 15 8025 3375 1135.50 50.47 2.38 

  
 

2 15 15 15 7825 3375 1103.80 49.06 2.32 
  

 
3 15 15 15 7910 3375 1024.80 45.55 2.34 

  
 

                                       Mean       48.36 2.35 
  

 
            

 
 

C-30, Compressive Strength (2%SP)  
  

 

S.N Taste 
age(days)  

Slump 
(mm) 

Dimension(cm) Weight (gm) Volume  
(cm3) 

Failure 
Load 

Compressive 
Strength 
(MPa) 

Unit Weight 

  
 

W L H         (gm/cm3) 
  

 
1 

7 210 
15 15 15 7910 3375 725.3 32.24 2.34 

  
 

2 15 15 15 7215 3375 667.3 29.66 2.14 
  

 
3 15 15 15 8030 3375 836.7 37.19 2.38 

  
 

                                                                  Mean       33.03 2.29 
  

 
1 

28 210 
15 15 15 7810 3375 1071.70 47.63 2.31 

  
 

2 15 15 15 7415 3375 1108.90 49.28 2.20 
  

 
3 15 15 15 8330 3375 948.70 42.16 2.47 

  

 

                                                                  Mean       46.36 2.33 
 
 
 

 
134 

 



 
  

 

 
 
C-30, Splitting Tensile Strength (0%SP, Control)  

 
 
 

 

      
  Dimension(cm) Weight  (gm) Volume  

(cm3) 

Failure Load Splitting 
Tensile 
Strength 
(MPa) 

Unit 
Weight   

 

S.N Taste age 
(days) 

Slump 
(mm) (KN) (gm/cm3) 

 
      Diam. Length      

 
   

57.5 

               
 

 
1  15 30 12200 5298.75 149.68 2.87 2.30 

 
 

2 7 15 30 14220 5298.75 201.64 2.89 2.68 
 

 
3   15 30 14170 5298.75 227.00 2.64 2.67 

 
 

                                                                  Mean   2.80 2.55 
 

 
1 

28 
 57.5 

15 30 12200 5298.75 257.9 4.17 2.30 
 

 
2 15 30 14220 5298.75 192 4.56 2.68 

 
 

3 15 30 14170 5298.75 236.4 4.34 2.67 
 

 
                                                                  Mean       4.36 2.55  

              
 

C-30, Splitting Tensile Strength (0.5%SP)  
 

 S.N Taste age 
(days) 

Slump 
(mm) 

Dimension (cm) 
Weigh (gm) Volume 

(cm3) 
Failure Load 
(KN) 

Splitting 
Tensile 
Strength 
(MPa) 

Unit 
Weight 
(gm/cm3) 

  

 

Diam. Length   

 
1 

7 107.5 
15 30 12400 5298.75 169.56 2.96 2.34 

 
 

2 15 30 11800 5298.75 183.69 3.84 2.23 
 

 
3 15 30 12780 5298.75 180.633 3.21 2.41 

 
 

                                                                  Mean   3.34 2.33 
 

 
1 

28 107.5 
15 30 12400 5298.75 226.5 4.35 2.34 

 
 

2 15 30 11800 5298.75 246.3 5.52 2.23 
 

 
3 15 30 12780 5298.75 247.5 4.12 2.41 

 
 

                                                                  Mean       4.66 2.33  
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C-30, Splitting Tensile Strength (1%SP)  

  

 

      
  Dimension(cm) Weight       

(gm) 
Volume  
(cm3) 

Failure 
Load Splitting 

Tensile 
Strength 
(MPa) 

Unit Weight 
  

 

 

S.N Taste age 
(days) 

Slump 
(mm) (KN) (gm/cm3) 

 
 

      Diam. Length       
 

 
1 

7 135 
15 30 14505 5298.75 198.53 3.55 2.74 

  
 

2 15 30 11340 5298.75 196.16 3.12 2.14 
  

 
3 15 30 12244 5298.75 201.8 3.62 2.31 

  
 

                                                                  Mean   3.43 2.40 
  

 
1 

28 135 
15 30 14505 5298.75 198.6 5.16 2.74 

  
 

2 15 30 11340 5298.75 217 4.54 2.14 
  

 
3 15 30 12244 5298.75 210.27 4.66   

  

 

                                                                  Mean       4.79 2.44  
 

               
 

C-30, Splitting Tensile Strength (1.5%SP)  
 

 
   Dimension(cm) Weight       (gm) Volume  

(cm3) 

Failure Load Splitting 
Tensile 
Strength 
(MPa) 

Unit 
Weight   

 

S.N Taste age 
(days) 

Slump 
(mm) (KN) (gm/cm3) 

 
   Diam. Length       

 
1 

7 190 
15 30 12660 5298.75 126.2 3.82 2.39 

 
 

2 15 30 14530 5298.75 120.3 3.29 2.74 
 

 
3 15 30 14750 5298.75 136.6 3.58 2.78 

 
 

                                                                  Mean   3.56 2.64 
 

 
1 

28 190 
15 30 12660 5298.75 183.4 5.05 2.39 

 
 

2 15 30 14530 5298.75 195.4 4.91 2.74 
 

 
3 15 30 14750 5298.75 180.9 4.55 2.78 

 
 

                                                                  Mean       4.84 2.64 
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C-30, Splitting Tensile Strength (2%SP)  

 

 

      
  Dimension(cm) Weight       (gm) Volume  

(cm3) 

Failure Load Splitting 
Tensile 
Strength 
(MPa) 

Unit 
Weight 

 

 

S.N Taste age 
(days) 

Slump 
(mm) (KN) (gm/cm3) 

 
 

      Diam. Length         
 

 
1 

7 210 
15 30 12140 5298.75 142.5 3.22 2.29 

 
 

2 15 30 14280 5298.75 149.8 2.97 2.69 
 

 
3 15 30 11710 5298.75 131 3.72 2.21 

 
 

                                                                  Mean       3.30 2.40 
 

 
1 

28 210 
15 30 12140 5298.75 148.5 4.76 2.29 

 
 

2 15 30 14280 5298.75 169.5 4.93 2.69 
 

 
3 15 30 11710 5298.75 189.9 4.22 2.21 

 
 

                                                                  Mean       4.64 2.40  
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 C-30, Flexural Strength (0%SP, Control)  

 
 S.N Taste 

age(days)  
Slump 
(mm) 

Dimension(cm) Weight 
(gm) 

Volume  
(cm3) 

Failure Load Flexural 
Strength 
(MPa) 

Unit 
Weight 

 
 W D L (KN) (gm/cm3) 

  1 
57.5   

10 10 50 10830 5000 7.68 3.45 2.17 

  
2 10 10 50 11120 5000 5.89 3.47 2.22 

  
3 10 10 50 11650 5000 6.88 3.17 2.33 

  
                                                                  Mean   3.36 2.24 

  
1 

57.5   
10 10 50 10930 5000 7.08 5.01 2.19 

  
2 10 10 50 11520 5000 8.34 5.48 2.30 

  
3 10 10 50 11450 5000 8.88 5.21 2.29 

  
                                                                  Mean       5.23 2.26 

              

  
C-30, Flexural Strength (0.5%SP)  

  
      S.N Taste 

age(days)  
Slump 
(mm) 

Dimension(cm) Weight 
(gm) 

Volume  
(cm3) 

Failure Load Flexural 
Strength 
(MPa) 

Unit 
Weight 

  
W D L       (KN) (gm/cm3) 

  
1 

107.5   
10 10 50 10430 5000 7.66 3.56 2.09 

  
2 10 10 50 11220 5000 6.78 4.61 2.24 

  
3 10 10 50 11440 5000 6.99 3.86 2.29 

  
                                                                  Mean   4.01 2.21 

  
1 

107.5   
10 10 50 11280 5000 7.66 5.21 2.26 

  
2 10 10 50 11170 5000 8.98 6.62 2.23 

  
3 10 10 50 10490 5000 8.56 4.94 2.10 

  
                                                                  Mean       5.59 2.20 
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C-30, Flexural Strength (1%SP)  

  
S.N Taste 

age(days)  
Slump 
(mm) 

Dimension(cm) Weight 
(gm) 

Volume  
(cm3) 

Failure Load Flexural 
Strength 
(MPa) 

Unit 
Weight 

  
W D L       (KN) (gm/cm3) 

  
1 

135   
10 10 50 10530 5000 6.44 4.26 2.11 

  
2 10 10 50 11820 5000 7.34 3.74 2.36 

  
3 10 10 50 10850 5000 6.78 4.34 2.17 

  
                                                                  Mean   4.12 2.21 

  
1 

135   
10 10 50 11330 5000 8.08 6.19 2.27 

  
2 10 10 50 11120 5000 9.3 5.45 2.22 

  
3 10 10 50 10450 5000 8.89 5.60 2.09 

  
                                                                  Mean       5.75 2.19 
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C-30, Flexural Strength (1.5%SP)  

  
S.N Taste 

age(days) 
Slump 
(mm) 

Dimension(cm) Weight 
(gm) 

Volume  
(cm3) 

Failure Load Flexural 
Strength 
(MPa) 

Unit 
Weight 

  
W D L (KN) (gm/cm3) 

  
1 

190   
10 10 50 11240 5000 7.07 4.58 2.25 

  
2 10 10 50 11120 5000 6.45 3.95 2.22 

  
3 10 10 50 11450 5000 8.09 4.29 2.29 

  
                                                                  Mean   4.28 2.25 

  
1 

190   
10 10 50 11830 5000 9.07 6.06 2.37 

  
2 10 10 50 11920 5000 7.88 5.89 2.38 

  
3 10 10 50 11750 5000 8.09 5.47 2.35 

  
                                                                  Mean       5.80 2.37 

  
            

  
C-30, Flexural Strength (2%SP)  

  
S.N Taste 

age(days)  
Slump 
(mm) 

Dimension(cm) Weight 
(gm) 

Volume  
(cm3) 

Failure Load Flexural 
Strength 
(MPa) 

Unit 
Weight 

  
W D L       (KN) (gm/cm3) 

  
1 

210   
10 10 50 11220 5000 6.07 3.87 2.24 

  
2 10 10 50 11160 5000 6.45 3.56 2.23 

  
3 10 10 50 10850 5000 8.09 4.46 2.17 

  
                                                                  Mean   3.96 2.22 

  
1 

210   
10 10 50 11230 5000 7.88 5.72 2.25 

  
2 10 10 50 11520 5000 8.56 5.91 2.30 

  
3 10 10 50 11650 5000 8.75 5.06 2.33 

  
                                                                  Mean       5.56 2.29 
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              APPENDIX C-2 

  DANGOTE CEMENT 
  C-30, Compressive Strength (0%SP, Control)  

  

S.N Taste 
age(days)  

Slump 
(mm) 

Dimension(cm) Weight 
(gm) 

Volume  
(cm3) Failure 

Load 

Compressive 
Strength 
(MPa) 

Unit 
Weight 

  W L H   (gm/cm3) 
  1 

7 35 
15 15 15 7850 3375 451.50 20.07 2.33 

  2 15 15 15 7980 3375 442.80 19.68 2.36 
  3 15 15 15 7925 3375 458.10 18.72 2.35 
                                                                    Mean       19.49 2.35 
  1 

28 35 
15 15 15 7795 3375 676.90 30.08 2.31 

  2 15 15 15 8410 3375 691.30 30.72 2.49 
  3 15 15 15 7660 3375 742.40 33.00 2.27 
                                                                    Mean       31.27 2.36   
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   C-30, Compressive Strength (0.5% SP)  
 

S.N Taste 
age(days)  

Slump 
(mm) 

Dimension(cm) Weight 
(gm) 

Volume  
(cm3) Failure 

Load 

Compressive 
Strength 
(MPa) 

Unit Weight 
  

 W L H     (gm/cm3) 
  1 

7 40 
15 15 15 7895 3375 739.30 32.86 2.34 

  2 15 15 15 8100 3375 578.50 25.71 2.40 
  3 15 15 15 7985 3375 458.10 20.36 2.37 
                                                                    Mean       26.31 2.37 
  1 

28 40 
15 15 15 8105 3375 804.80 35.77 2.40 

  2 15 15 15 7925 3375 630.00 28.00 2.35 
  3 15 15 15 7920 3375 727.10 32.32 2.35 
                                             Mean       32.03 2.37 
               C-30,    Compressive Strength (1%SP)  
  

S.N Taste 
age(days)  

Slump 
(mm) 

Dimension(cm) Weight 
(gm) 

Volume  
(cm3) 

Failure 
Load 

Compressive 
Strength 
(MPa) 

Unit Weight 

  W L H         (gm/cm3) 
  1 

7 43 
15 15 15 7370 3375 672.6 29.89 2.18 

  2 15 15 15 7840 3375 740.3 32.90 2.32 
  3 15 15 15 7956 3375 628.9 27.95 2.36 
                                                                    Mean       30.25 2.29 
  1 

28 43 
15 15 15 7670 3375 548.40 24.37 2.27 

  2 15 15 15 7525 3375 730.30 32.46 2.23 
  3 15 15 15 7730 3375 915.40 40.68 2.29 
                                                                    Mean       32.51 2.26 
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C-30, Compressive Strength (1.5%SP)  

  

S.N Taste 
age(days)  

Slump 
(mm) 

Dimension(cm) Weight 
(gm) 

Volume  
(cm3) 

Failure 
Load 

Compressive 
Strength 
(MPa) 

Unit Weight 

  W L H         (gm/cm3) 
  1 

7 65 
15 15 15 8170 3375 742.20 32.99 2.42 

  2 15 15 15 8010 3375 786.30 34.95 2.37 
  3 15 15 15 7790 3375 743.30 33.04 2.31 
                                                                     

Mean 33.66 2.37   
1 

28 65 
15 15 15 8025 3375 761.50 33.84 2.38   

2 15 15 15 7825 3375 814.40 36.20 2.32   
3 15 15 15 7910 3375 801.40 35.62 2.34   
Mean 35.22 2.35   
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C-30, Compressive Strength (2%SP)  

  

S.N Taste 
age(days)  

Slump 
(mm) 

Dimension(cm) Weight 
(gm) 

Volume  
(cm3) 

Failure 
Load 

Compressive 
Strength 
(MPa) 

Unit Weight 

  W L H         (gm/cm3) 
  1 

7 70 
15 15 15 7910 3375 764.6 33.98 2.34 

  2 15 15 15 7215 3375 782.3 34.77 2.14 
  3 15 15 15 8030 3375 770.4 34.24 2.38 
                                                                    Mean       34.33 2.29 
  1 

28 70 
15 15 15 7810 3375 924.40 41.08 2.31 

  2 15 15 15 7415 3375 885.10 39.34 2.20 
  3 15 15 15 8330 3375 893.40 39.71 2.47 
                                                                    Mean       40.04 2.33 
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C-30, Splitting Tensile Strength (0%SP, Control) 
 

S.N Taste age 
(days) 

Slump 
(mm) 

Dimension(cm) Weight (gm) Volume  
(cm3) 

Failure Load 
Splitting 
Tensile 
Strength 

Unit Weight   

Diam. Length (KN) (MPa) (gm/cm3) 
1 

7  

15 30 12200 5298.75 139.68 2.41 2.30 
 2 15 30 14220 5298.75 201.64* 2.36 

2.67  3 15 30 14170 5298.75 217.00* 2.25 
 Mean  2.34 2.55 
 1 

28 35 
15 30 12200 5298.75 257.9 3.61 2.30 

 2 15 30 14220 5298.75 192.0 3.69 2.68 
 3 15 30 14170 5298.75 236.4 3.96 2.67  

Mean    3.75 2.55  
             
C-30, Splitting Tensile Strength (0.5%SP) 

 

S.N Taste age 
(days) 

Slump 
(mm) 

Dimension (cm) 
Weigh (gm) Volume 

(cm3) 
Failure Load 
(KN) 

Splitting 
Tensile 
Strength 
(MPa) 

Unit Weight 
(gm/cm3) 

  

Diam. Length  
1 

7 40 
15 30 12400 5298.75 169.56 3.94 2.34 

 2 15 30 11800 5298.75 183.69 3.09 2.23 
 3 15 30 12780 5298.75 180.633 2.44 2.41 
 Mean  3.16 2.33 
 1 

28 40 
15 30 12400 5298.75 226.5 4.29 2.34 

 2 15 30 11800 5298.75 246.3 3.36 2.23 
 3 15 30 12780 5298.75 247.5 3.88 2.41 
 Mean    3.84 2.33  
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C-30, Splitting Tensile Strength (1%SP) 
  

S.N Taste age 
(days) 

Slump 
(mm) 

Dimension(cm) Weight       
(gm) 

Volume  
(cm3) 

Failure 
Load 

Splitting 
Tensile 
Strength 
(MPa) 

Unit 
Weight  

 (KN) (gm/cm3) 
 Diam. Length   

  1 
7 43 

15 30 14505 5298.75 198.53* 3.59 2.74 
  2 15 30 11340 5298.75 196.16 3.95 2.14 
  3 15 30 12244 5298.75 201.8 3.35 2.31 
  Mean  3.63 2.40 
  1 

28 43 
15 30 14505 5298.75 198.6 2.92 2.74 

  2 15 30 11340 5298.75 217 3.89 2.14 
  3 15 30 12244 5298.75 210.27 4.88  
  Mean    3.90 2.44  
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C-30, Splitting Tensile Strength (1.5%SP) 
 

   Dimension(cm) Weight  (gm) Volume  
(cm3) 

Failure Load Splitting 
Tensile 
Strength 
(MPa) 

Unit Weight 

 
S.N Taste age 

(days) 
Slump 
(mm) (KN) (gm/cm3) 

   Diam. Length      
1 

7 65 
15 30 12660 5298.75 126.2 3.96 2.39 

 2 15 30 14530 5298.75 120.30* 4.19 2.74 
 3 15 30 14750 5298.75 136.6* 3.96 2.78 
 Mean  4.04 2.64 
 1 

28 65 
15 30 12660 5298.75 183.4 4.06 2.39 

 2 15 30 14530 5298.75 195.4 4.34 2.74 
 3 15 30 14750 5298.75 180.9 4.27 2.78 
 Mean    4.23 2.64  
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C-30, Splitting Tensile Strength (2%SP)  
 

      
  Dimension(cm) Weight (gm) Volume  

(cm3) 

Failure Load Splitting 
Tensile 
Strength 
(MPa) 

Unit Weight 
  

S.N Taste age 
(days) 

Slump 
(mm) (KN) (gm/cm3) 

      Diam. Length           

1 
7 70 

15 30 12140 5298.75 142.5 4.08 2.29 
 2 15 30 14280 5298.75 149.80* 4.17 2.69 
 3 15 30 11710 5298.75 131 4.11 2.21 
                                                                   Mean       4.12 2.40 
 1 

28 70 
15 30 12140 5298.75 148.5 4.93 2.29 

 2 15 30 14280 5298.75 169.5 4.72 2.69 
 3 15 30 11710 5298.75 189.9 4.76 2.21 
                                                                   Mean       4.81 2.40  

 

      

 

 

 

 

 

 

 

 

 

      

148 
 



 
  

 C-30, Flexural Strength (0%SP, Control)  

 S.N Taste 
age(days)  

Slump 
(mm) 

Dimension(cm) Weight 
(gm) 

Volume  
(cm3) 

Failure Load Flexural 
Strength 
(MPa) 

Unit 
Weight 

 W D L (KN) (gm/cm3) 

 1 
7   

10 10 50 10830 5000 7.78 2.41 2.17 

 
2 10 10 50 11120 5000 6.99 2.36 2.22 

 
3 10 10 50 11650 5000 6.38 2.25 2.33 

 
                                                                  Mean   2.34 2.24 

 1 
28   

10 10 50 10930 5000 8.58 3.61 2.19 

 
2 10 10 50 11520 5000 8.44 3.69 2.30 

 
3 10 10 50 11450 5000 8.98 3.96 2.29 

 
                                                                  Mean       3.75 2.26 

             

 
C-30, Flexural Strength (0.5%SP)  

 
      S.N Taste 

age(days)  
Slump 
(mm) 

Dimension(cm) Weight    
(gm) 

Volume  
(cm3) 

Failure Load Flexural 
Strength 
(MPa) 

Unit 
Weight 

 
W D L       (KN) (gm/cm3) 

 
1 

7   
10 10 50 10430 5000 6.66 3.94 2.09 

 
2 10 10 50 11220 5000 6.78 3.09 2.24 

 
3 10 10 50 11440 5000 6.79 2.44 2.29 

 
                                                                  Mean   3.16 2.21 

 
1 

28   
10 10 50 11280 5000 8.96 4.29 2.26 

 
2 10 10 50 11170 5000 8.58 3.36 2.23 

 

3 10 10 50 10490 5000 8.56 3.88 2.10 

 
                                                                  Mean       3.84 2.20 
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C-30, Flexural Strength (1%SP)  

 
S.N Taste 

age(days)  
Slump 
(mm) 

Dimension(cm) Weight 
(gm) 

Volume  
(cm3) 

Failure Load Flexural 
Strength 
(MPa) 

Unit 
Weight 

 
W D L       (KN) (gm/cm3) 

 
1 

7   
10 10 50 10530 5000 7.44 3.59 2.11 

 
2 10 10 50 11820 5000 7.34 3.95 2.36 

 
3 10 10 50 10850 5000 6.78 3.35 2.17 

 
                                                                  Mean   3.63 2.21 

 
1 

28   
10 10 50 11330 5000 8.08 2.92 2.27 

 
2 10 10 50 11120 5000 9.30 3.89 2.22 

 
3 10 10 50 10450 5000 8.89 4.88 2.09 

 
                                                                  Mean       3.90 2.19 
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` C-30, Flexural Strength (1.5%SP)  

 
S.N Taste 

age(days) 
Slump 
(mm) 

Dimension(cm) Weight 
(gm) 

Volume  
(cm3) 

Failure Load Flexural 
Strength 
(MPa) 

Unit 
Weight 

 
W D L (KN) (gm/cm3) 

 

1 

7   

10 10 50 11240 5000 7.07 3.96 2.25 

 

2 10 10 50 11120 5000 6.45 4.19 2.22 

 

3 10 10 50 11450 5000 8.09 3.96 2.29 

 
                                                                  Mean   4.04 2.25 

 

1 

28   

10 10 50 11830 5000 6.07 4.06 2.37 

 

2 10 10 50 11920 5000 6.88 4.34 2.38 

 

3 10 10 50 11750 5000 7.09 4.27 2.35 

 
                                                                  Mean       4.23 2.37 
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C-30, Flexural Strength (2%SP)  

 
S.N Taste 

age(days)  
Slump 
(mm) 

Dimension(cm) Weight 
(gm) 

Volume  
(cm3) 

Failure Load Flexural 
Strength 
(MPa) 

Unit 
Weight 

 
W D L       (KN) (gm/cm3) 

 
1 

7   
10 10 50 11220 5000 6.07 4.08 2.24 

 
2 10 10 50 11160 5000 6.45 4.17 2.23 

 
3 10 10 50 10850 5000 8.09 4.11 2.17 

 
                                                                  Mean   4.12 2.22 

 
1 

28   

10 10 50 11230 5000 6.08 4.93 2.25 

 

2 10 10 50 11520 5000 6.56 4.72 2.30 

 

3 10 10 50 11650 5000 7.75 4.76 2.33 

 
                                                                  Mean       4.81 2.29 
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APPENDIX-D 

                                                                                       Sample Photos 

D  

 

                                  Series of Sieves for Fine Aggregates                               Series of Sieves for Coarse Aggregates 
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                                                                                  Coarse Aggregates with    Balance  
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                                                                                Samples of Specimens on curing  
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                                                                Samples of Specimens after casting  

 

 

 

 

156 
 



 
  
 

 

                                                             Samples of Specimens after casting and remove from molds  
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                                    Prepared cubical specimens and Loading using test machine and recording the failure load  
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                                    Prepared cylindrical specimens and Loading using test machine and recording the failure load  
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                                                            Sikament  NN Superplasticizer with graduated Cylinder 
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                                                                        Cement Paste on mixing dish with Vicat Apparatus  
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                                              Flexural strength test setup for hardened concrete- on Third- Point Loading  
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                                             Mixed Sample in Process for Marsh Cone Test including 1.18 Sieves to Exclude Lumps  
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Hand mixing slurry in process with 1.18 Sieves 
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