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ABSTRACT 

Concrete can be produced with a better quality by the addition of Water Reducing and Retarding 

(WRR) admixture in different ways by saving mixing water and cement content from a given mix 

design. This study investigated the effects of WRR admixture on ready mixed concrete properties 

viz: workability, compressive strength and permeability. To achieve the objective experiments 

were conducted on C-25 and C-40 concrete grades with 0.49 and 0.30 water to cement ratio 

respectively by a slump of 160-220mm, at a dosage of 0% (control), 0.5%, 0.85% and 1.2% 

admixture. To facilitate the study, the experiments have been done in four stages, namely: Stage I: 

to study the effects of WRR admixture on concrete workability, Stage II: to study the effects of 

WRR admixture at optimum dosage of workability on concrete compressive strength, Stage III: to 

study the effects of WRR admixture on compressive strength by reducing cement content in 5%, 

8% and 12% and Stage IV: to study the effects of WRR admixture on concrete compressive and 

permeability test by reducing amount of mixing water at constant slump. Based on the 

experimental results 0.85% and 1.2% WRR admixture dosage were found to have higher value of 

workability for C-25 and C-40 concrete grade respectively. At optimum dosage of 0.85% WRR 

admixture, the compressive strength of C-25 has shown improvement over that of the control mix 

whereas, the 1.2% WRR admixture slightly reduced the compressive strength of C-40 over the 

control mix. Further optimum results on concrete compressive strength was found at 8% cement 

reduced concrete with the addition of 0.85% and 1.2% WRR admixture for C-25 and C-40 

concrete grade respectively. Total CO2 emission and total cost was reduced from the control mix 

by optimum cement reduced and WRR admixture added concrete for C-25 and C-40. On the other 

hand, optimum result on C-25 compressive strength and permeability was found in the addition of 

1.2% WRR admixture by 11.32% mixing water reduction. It can therefore be concluded that the 

addition of WRR admixture was shown improvement on workability, compressive strength and 

permeability from the control mix. It is recommended that ready mixed concrete manufacturer 

should be used at 0.85% and 1.2% WRR admixture dose for C-25 and C-40 concrete respectively.  

 

Key Words: Concrete, WRR, Admixture, Compressive Strength, Workability and Permeability 
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CHAPTER ONE 

INTRODUCTION 

1.1. BACKGROUND 

Concrete admixtures are substances introduced into a batch of concrete, during or immediately 

before its mixing, in order to alter or improve the properties of the fresh or hardened concrete or 

both. According to Akeem et al. (2010), numerous benefits are available through the use of 

admixtures such as: improved quality, acceleration or retardation of setting time, coloring, greater 

concrete strength, increased flow for the same water-to-cement ratio, enhanced frost and sulfate 

resistance, and improved fire resistance and improved workability. The specific effects of an 

admixture generally vary with the type of cement, mix proportion and dosage amount used. 

The admixture quantities used are, with few exceptions, very small; nevertheless, they can impart 

certain desirable properties to the concrete. Collepardi (1998) claims that many admixtures affect 

more than one property of concrete, sometimes it affects desirable properties adversely. The 

optimum use of certain admixtures may require re-proportioning the concrete. 

The construction industry used admixtures to enhance the durability, workability and strength 

characteristics of a given concrete mixture. Admixtures are used to overcome difficult construction 

situations, such as hot or cold weather placements, pumping requirements, early strength 

requirements and very low water cement ratio specifications.  

The specific effect of an admixture is dependent on a number of variables, such as the type and 

amount of admixture, the compound composition, kind, brand, amount of cement and so on. 

Therefore, an admixture should be employed only after appropriate evaluation of its effects, if 

necessary, by use with the particular concrete and under the conditions of use intended. 

Generally, admixtures are classified in to two: mineral and chemical admixtures. Water reducing 

admixture is one type of chemical admixture which provide a wide benefit for concrete in the fresh 

and hardened sates. Different water reducing admixtures are available in the market from those 

admixtures water reducing and retarding admixture which is Type D is the main type of admixture 

which is mostly used in our country. According to ASTM Standard (ASTM C 494/C 494M, 2001) 
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water reducing and retarding admixture defined as an admixture that reduces the quantity of 

mixing water required to produce concrete of a given consistency and retards the setting time of 

concrete. It also has a capacity to improve the workability, strength and durability of concrete. 

Therefore, this research was conducted to see the changes in the properties of ready mixed 

concrete by the use of water reducing and retarding admixture as a construction material. 

1.2. STATEMENT OF THE PROBLEM 

The construction industry in Ethiopia, similar with other developing countries, faces a number of 

problems unlike their counterparts in developed countries. The problems are those related with 

better quality, fast construction, low-cost and durability. Concrete is a usual way of constructing 

huge projects and ready mixed concrete is a best candidate. It assures quality, faster construction, 

high durability, addition of admixtures is easier and allows great diversity in design and function. 

As the use of ready mixed concrete, water reducing and retarding admixture gains common 

acceptance around Addis Ababa, the need for proper guidelines for its use becomes a necessity. 

The difficulty in using this admixture results from the fact that its effects on concrete depend on a 

number of factors including mix proportions, ambient temperature, time of addition, amount of 

admixture added and mixing time. In order to produce quality durable, concrete such guidelines 

have to be developed. 

This research is to study the effects of water reducing and retarding admixture on concrete 

properties. In developed countries the concrete technology has reached on the high level and 

remarkable successes have achieved by the development of admixtures for the production of ready 

mixed concrete. However, in our country the use of admixture is less recognized and the local 

construction parties that participate in the construction industry have information and awareness 

gap about the uses and effects of admixtures on the production of quality concrete.  

In some case of Addis Ababa building construction at ready mixed concrete placing and 

transporting phase, the concrete loss its workability before placing. As a result, it causes pump 

breakdown and concrete wastage.  
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This study has tried to investigate the effects of concrete properties in different dosage level of 

water reducing and retarding admixture. A concrete mix without admixture was used as a control. 

The study has also evaluated the effects of water reducing and retarding admixture on concrete 

properties by reducing cement content and mixing water content. 

1.3. OBJECTIVE  

1.3.1. General Objective  

The general objective of the research is to study the effects of water reducing and retarding 

concrete admixture on ready mixed concrete properties. 

1.3.2. Specific Objectives 

The specific objectives of the research are: 

• To evaluate the effects of water reducing and retarding concrete admixture on concrete 

workability with various dosage range 

• To identify the optimum dose of admixture for quality ready mixed concrete production 

• To compare the concrete compressive strength of control mix and concrete with optimum 

water reducing and retarding concrete admixture dose 

• To investigate the effects of water reducing and retarding admixture on concrete properties 

by reducing cement content and mixing water. 

1.4. RESEARCH QUESTIONS 

The research questions that are expected this research would answer were: 

• What is the optimum water reducing and retarding admixture dosage for ready mixed 

concrete production? 

• What is the variation on concrete compressive strength using water reducing and retarding 

admixture and without?  

• What are the effects of reducing cement content by using water reducing and retarding 

admixture in concrete properties? 
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• What are the effects of concrete properties by reducing mixing water content using water 

reducing and retarding admixture? 

1.5. SIGNIFICANCE OF THE RESEARCH 

The emerging of huge construction projects in Addis Ababa helps to increase the pace of 

mechanization and facilitate the utilization of ready-mix concrete. Government bodies, private 

builders, architects/engineers, contractors, and individuals should be aware about the advantages of 

using water reducing and retarding admixture in ready mixed concrete. For ready mixed concrete, 

admixtures play a major role in the transportation, placing and compaction. 

However, water reducing and retarding admixture are used to reduce the amount of water required 

to produce a given slump. It also retards the setting time of concrete that makes the concrete easier 

to finish, and produce better cement hydration. 

This research helps to identify for the ready mixed concrete suppliers and stakeholders which 

water reducing and retarding admixture dosage is preferable for better compressive strength and 

workability. And also try to inform the suppliers that without compromising the compressive 

strength of the concrete the cement content can be reduced that can lead to economic benefits for 

the industry as all. 

1.6. RESEARCH ORGAINZATION 

A brief background of the study is given in chapter one. A review of the literature addressing the 

topic of this research is presented in chapter two. Chapter three includes a detailed description of 

the materials used and methods employed in the study. The results of the experiment are presented 

and discussed in chapter four. Chapter five includes environmental and qualitative economic 

analysis. Finally, chapter six presents the conclusions and recommendation drawn from the study 

for the use of water reducing and retarding admixture. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1. GENERAL BACKGROUND 

In recent years a considerable increase in use of chemical admixtures for concrete production has 

led to growth in scientific studies of their influence on thermal and physical characteristics of 

various types of concrete. Instead of being batched and mixed on site, concrete is delivered for 

placing from a central plant; it is referred to as ready mixed concrete ( Neville and Brooks, 2010). 

This type of concrete is used extensively as it offers numerous advantages in comparison with 

orthodox methods of concrete utilization: high quality and less time of construction is a major 

advantage. In maintaining and delivering the required amount of concrete, admixtures have a 

major role in ready mixed concrete manufacturing industry.  

Admixtures have long been recognized as important components of concrete used to improve 

concrete performance. The original use of admixtures history in cementitious mixtures is not well 

documented. Concrete admixtures are defined as materials other than water, aggregates, 

cementitious materials, and fiber reinforcement, used as an ingredient of a cementitious mixture to 

modify its freshly mixed, setting, or hardened properties and that is added to the batch before or 

during its mixing. (Thomas, 2013) 

Water-reducing admixtures are used to reduce the quantity of mixing water required to produce 

concrete of a certain slump, reduce water-cement ratio, reduce cement content, or increase slump. 

Typical water reducers reduce the water content by approximately 5% to 10%. Adding a water-

reducing admixture to concrete without reducing the water content can produce a mixture with a 

higher slump (Steven, 2003). An increase in strength is generally obtained with water-reducing 

admixtures as the water-cement ratio is cracks in concrete. A water reducer reduces the cement and 

water content of a concrete mixture while maintaining a constant water-cement ratio can result in 

equal or reduced compressive strength, and can increase slump loss by a factor of two or more. 

A reduction of water can result in finishing difficulties on flat surfaces when rapid drying 

conditions are present. Water reducers can be modified to give varying degrees of retardation 
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while others do not significantly affect the setting time. According to ASTM C 494 (ASTM C 

494/C 494M, 2001)) Type A water reducers can have a little effect on setting, while Type D 

admixtures provide water reduction with retardation, and Type E admixtures provide water 

reduction with accelerated setting. Type D water-reducing admixtures usually retard the setting 

time of concrete.  

Lowering w/cm is a key method for improving durability. Type D admixture provides the ability to 

control the time of setting to meet changing jobsite and climatic conditions. The strength 

improvement resulting from water-reducing admixtures is primarily a result of reducing the w/cm 

and increasing cement efficiency. For a given air content, concrete strength is inversely 

proportional to the w/cm and, therefore, the reduction in water needed to achieve the desired slump 

and workability when a water-reducing agent is used will result in an increase in strength. The 

increase in strength using a water-reducing admixture often exceeds the strength from simply 

reducing the water content. (Thomas, 2013) 

Therefore, the main discussion of this chapter is reviewing different literatures which focused on 

chemical admixture, particularly on the effects of water reducing and retarding (Type D) 

admixture on the concrete property. 

2.2. CLASSIFICATION OF ADMIXTURE 

Concrete should be workable, 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 (except air-entraining admixtures when needed). According to Steven 

(2003) 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 
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Admixtures could be easily simplified by looking at their physicochemical mechanisms of action 

rather than at their effects on the properties of fresh and hardened concrete. Categorization of 

admixtures into distinct groups is not easy as one material may belong to more than one category. 

Broadly, however, they could be divided into the following categories (Thomas, 2013). 

1. Chemical admixtures: They are generally water-soluble, added mainly to control setting 

and early hardening of fresh concrete, and to reduce water requirements. Chemical 

admixtures include accelerators, normal water reducers, superplasticizers, and retarders. 

The accelerators may contain calcium chloride, alkali hydroxide, calcium formate, calcium 

nitrate, etc. Examples of retarders are Na, Ca, or NH4 salts of lignosulfonic acids, hydroxy 

carboxylic acids, or derivatives of carbohydrates. 

2. Air-entraining agents: These are used to improve the durability of concrete. They 

comprise resins such as neutralized vinsol resin, synthetic detergents, salts of petroleum 

acids, etc.  

3. Mineral admixtures: These finely divided materials improve workability, durability and 

other properties of concrete; examples are fly ash, slag, silica fume, rice husk ash, etc.  

4. Miscellaneous admixtures: Those other than what have already been described and are 

known to impart many benefits to concrete. Examples are: corrosion inhibiting admixtures, 

alkali-aggregate expansion reducing admixtures, pigments, pumping aids, shotcreting ad-

mixtures, etc.  

Chemical and mineral admixtures are the two most widely used admixtures in the production of 

concrete. Chemical admixtures function by the dispersion of cement in the aqueous phase of 

concrete and increase the normal rate of cement hydration. On the other hand, mineral admixtures 

function through the reactions with by-products of hydrating cement or without any reaction with 

either the cement or its by products (Zain et.al, 2001).  Chemical admixtures are nowadays very 

important for concrete design, and are essential for the formulation of concrete with a low 

environmental impact (Gelardi et.al, 2017).  

Admixtures are commonly classified by their functions in concrete into seven types, as specified in 

ASTM C 494 (ASTM C 494/C 494M, 2001): 
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Type A (Water Reducing): are used to reduce the quantity of mixing water required to produce 

concrete of a certain slump, reduce water to cement ratio, reduce cement content or increase 

slump. Typical water reducers reduce the water content by approximately 5% to 12%. Adding a 

water reducing admixture to concrete without reducing the water content can produce a mixture 

with a higher slump. The rate of slump loss, however, is not reduced and in most cases is 

increased. Rapid slump loss results in reduced workability and less time to place concrete. (Steven, 

2003) 

Water reducing admixtures improve the properties of fresh concrete made with poorly graded 

aggregate such as a harsh mix. Concrete containing a water reducing admixture generally exhibits 

low segregation and good “flowability”. Water reducing admixtures can also be used in pumped 

concrete. Their effect is thought to be due to an increased dispersion of cement particles causing a 

reduction in the viscosity of the concrete. They can also be used to increase strength and durability, 

since for a given workability less water is necessary ( Neville and Brooks, 2010) 

Type B (Retarding): used to reduce the concrete setting time. Since these reduce the rate of 

hydration, more water is available and better is the workability. Retarders increase the compressive 

strength under freezing and thawing. Retarders are very important in the situations where grouting 

is to be done for the voids behind the concrete arch, tunnel lining, etc. these also ensure a better 

bond between successive lifts in concrete constructions (Duggal, 2008).  Set retarder has the 

opposite effect, slowing the set and enabling delivery to distant sites and finishing during hot 

weather.  

Type C (Accelerating): through the use of accelerators contractors can be placed concrete at 

much lower temperate than would be practical without their use. Accelerating admixtures are also 

commonly used to speed up normal set and cure times for purposes of earlier service than would 

be possible with an unaccelerated mix design. Such an application is most often the case for 

concrete repair mix designs and in prestressed or precast applications, where time delays cost 

customers or precasters significant amounts of money and inconvenience (Mihai and Rosca, 2008). 

Type D (Water reducing and retarding):   retardation may be desired for higher temperature 

concreting conditions. Whenever the natural tendency of water reducing admixtures to retard 

hydration is not adequate for the desired application, additional retarders are added. It helps to 
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reduce water content (minimum 5%) and retard concrete setting time. Thus, the purpose of using 

water reducing admixtures in a concrete mix is to allow a reduction in the water/cement ratio while 

retaining the desired workability or, alternatively, to improve its workability at a given 

water/cement ratio. 

Type E (Water reducing and accelerating): accelerators speed up the setting time of the mixture, 

enabling finishing operations to begin sooner, useful during cold weather pours (Al Kourd and 

Hammad, 2010). Many water reducing admixtures retard set times and are sometimes used with an 

accelerator for compensation. It helps to reduce water content (minimum 5%) and accelerate 

setting time. 

Type F (High-range water reducing or Superplaticizing): are generally more effective than 

regular water reducing admixtures in producing workable concrete. A significant reduction of 

bleeding can result in finishing difficulties on flat surfaces when rapid drying conditions are 

present. Concrete with high range water reducers can have larger entrained air voids and higher 

void spacing factors than normal air entrained concrete. This would generally indicate a reduced 

resistance to freezing and thawing. (Steven, 2003) 

Type G (High-range water-reducing and retarding or Superplastcizing and retarding): As 

for water reducing admixtures, high range water reducers tend to retard concrete setting times, but 

this effect may be compensated by the addition of accelerating admixtures or the further addition 

of retarding admixtures. It helps to reduce water content (minimum 12%) and retard setting. When 

a retarder is combined with a superplasticizer, the resulting admixture is classified by ASTM C 

494 as Type G. 

Each of these different admixtures has a different effect on the properties of fresh and hardened 

concrete. For the purpose of this study, water reducing and retarding admixture (Type D) was 

considered because of its ability to dramatically increase the workability of fresh concrete with 

minimal effect on the overall strength of the concrete. In ready mixed concrete production, the 

suppliers commonly used different types of admixture to obtain customer desired concrete 

properties. Although retarders are mostly used to deliver the concrete in its desired workability 

(fresh state).  In other hand water reducers have a capacity to reduce cement and water content. So, 
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in this research the combination of this two admixture classified as Type D were examined their 

effects on concrete properties. 

2.3. PROPERTIES OF WATER REDUCING ADMIXTURE 

Water reducers, also called workability aids, increase the fluidity or workability of a cement paste 

or concrete. If a constant consistence or fluidity is required then the water content can now be 

reduced, thus leading to lower water: cement ratio and increased strength; this is why plasticizers 

are often known as water-reducers. Their plasticizing action is due to the surface-active nature of 

the component polymer molecules, which are adsorbed on to the surface of the cement grains. BS 

EN 934 requires that the water reduction for constant consistence should be greater than 5%. 

Values are normally between 5 and 12%. The use of plasticizers has been increasingly widespread 

since their first appearance in the 1930s (Rixom and Mailvaganam, 1999). 

The water reducers reduce the electronegative charges on the fine cement particles allowing them 

to disperse more readily in the water. This reduces the tendency for flocculation of the cement 

particles in the paste (Al Kourd and Hammad, 2010). Sometimes undesirable, secondary effects 

with some water reducer are that they act as retarders, delaying the set and decreasing the early 

strength gain, and/or that they entrain air in the form of small bubbles. Depending on the amount 

of processing in manufacture they may also contain impurities that have other undesirable side 

effects at increasing doses, and therefore the magnitude of the primary effects that can be 

satisfactorily achieved with plasticizers is relatively modest, though nevertheless useful and cost 

effective (Domone and Illston, 2010). 

Most normal water reducers give some retardation, 30–90 minutes over a control mix. However, 

this can become more significant with products that have been modified with molasses, 

maltodextrin, hydroxylated polymers and other similar chemicals. The effect may only become 

pronounced at higher dosages or lower temperatures and or where higher levels of a slag binder 

have been used. It can be a particular problem in slabs, where the low dosage of these admixtures 

contributes to non-uniform mixing and results in patches of concrete with different levels of 

retardation that are difficult to finish with power troweling equipment and can lead to delaminating 

in the hardened floor. (Newman and Choo, 2003) 
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The main application of normal water reducers is in ready mix to optimize (reduce) the cement 

content by water reduction at constant water to cement ratio (W/C). They are also effective in 

providing increased initial workability which, assisted by any increase in retardation, helps with 

workability retention where long delivery times may occur. 

Newman and Choo (2003) compared concrete mix with water reducers to a control mix that is 

without admixture and found that: 

• A normal water reducer used for water reduction will give some improvement in other 

properties including permeability, chloride diffusion, shrinkage, etc. 

• For cement reduction at constant/slightly reduced W: C the effects are more or less neutral. 

• To increase workability, most properties including strength will be slightly reduced. 

Further they found that, workability is increased but in other end compressive strength is reduced. 

According to Collepardi (1998) water reducers can be used in concrete mixtures for three different 

purposes: 

• To increase workability without changing the mix composition in order enhance placing 

characteristics of concrete: 

• To reduce the mixing water and the W/C in order to increase strength and improve 

durability at a given workability; 

• To reduce both water and cement at a given workability in order to save cement and reduce 

creep, shrinkage and thermal strains caused by heat of cement hydration. 

This study helps to verify in which water reducing and retarding admixture dosage rate utilization 

enhance the concrete properties. According to Rixom and Mailvaganam (1999), normal water-

reducing admixtures allow a reduction in the water-cement ratio at a given workability without 

significantly affecting the setting characteristics of the concrete. In practice, this effect can be 

utilized in three ways:  

• By the addition of the admixture with a reduction in the water-cement ratio, a concrete 

having the same workability as the control concrete can be obtained, with unconfined 

compressive strengths at all ages which exceed those of the control. 
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• If the admixture is added directly to a concrete as part of the gauging water with no other 

changes to the mix proportions, a concrete possessing similar strength development 

characteristics is obtained, yet having a greater workability than the control concrete. 

• A concrete with similar workability and strength development characteristics can be 

obtained at lower cement contents than a control concrete without adversely affecting the 

durability or engineering properties of the concrete. 

2.4. PROPERTIES OF RETARDING ADMIXTURE 

Most water reducers are based on similar formulations: these admixtures can be divided into four 

categories: normal water reducers, water-reducing retarding admixtures, water-reducing 

accelerating admixtures and retarders. 

The retarding water-reducing admixtures again behave in a similar manner to the ‘normal’ 

materials and are often of similar chemical composition used at a higher dosage level, but extend 

the period of time when the concrete is in the plastic state (Rixom and Mailvaganam, 1999). This 

means that the time available for transport, handling, placing and finishing is lengthened. 

Retarding admixtures are used for avoiding cold joints and facilitating large pours. They are used 

particularly in hot weathering operations. These admixtures should increase the initial set time by 

at least one hour, with a maximum by 3½ hours. The compressive strength should be at least 110% 

of the control at 3, 7, and 28 days (Thomas, 2013). 

In fact, although a few materials are available which exert only a retarding influence on concrete 

and have little or no water-reducing capacity, the vast majority (about 95%) of materials called 

‘retarders’ are actually retarding water-reducing admixtures (Rixom and Mailvaganam, 1999). The 

retarders slow the rate of early hydration of C3S by extending the length of the dormant period. 

They also tend to retard the hydration of C3A phases (Al Kourd and Hammad, 2010). 

Water reducing and retarding admixture enables a better placing and compaction process for 

concrete. It also minimizes the risk of segregation and bleeding; thus aids pumping of concrete. 

This research study investigates which dosage range particularly enhances the pumpability of 

ready mixed concrete. 



13 | P a g e  

 

Water reducing and retarding admixtures frequently use in ready mix concrete production to 

provide workability retention. According to ACI 212.3R-04 (ACI 212.3R-04, 1991) Materials 

generally available for use as water-reducing and set-controlling admixtures fall into one of nine 

general categories of compounds. Increasingly, though, formulations can include compounds from 

more than one category: 

1. Lignosulfonic acids and their salts and modifications and derivatives of these; 

2. Hydroxylated carboxylic acids and their salts and modifications and derivatives of these; 

3. Carbohydrate-based compounds such as sugars, sugar acids, and polysaccharides; 

4. Nonionic surface-active agents; 

5. Salts of sulfonated melamine polycondensation products; 

6. Salts of condensation products of naphthalene sulfonic acid; 

7. Carboxylic acrylic ester copolymers; 

8. Inorganic compounds such as zinc salts, borates, and phosphates; and 

9. Other materials such as: amines and their derivatives; organic phosphonates; and certain 

polymeric compounds, including cellulose-ethers, silicones, and sulfonated hydrocarbon 

acrylate derivatives. 

Several explanations have been offered to account for the retarding action of water reducers. They 

are based on the following theories:  

1. Retarders are adsorbed on the anhydrous cement particles through ionic, hydrogen, or 

dipole bonding to prevent the attraction of water.  

2. An insoluble layer of calcium salt on the hydrating particles is responsible for 

retardation.  

3. The hydrated, rather than the unhydrated constituent, adsorbs the retarder. The 

surface complex involving the substrate of unhydrated cement and water followed by 

adsorption is responsible for retardation.  

4. The adsorption of retarder on the calcium hydroxide nuclei poisons its future growth; 

the growth of calcium hydroxide will not proceed until some level of super saturation 

is attained. 
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2.5. ADVANTAGES OF WATER REDUCING AND RETARDING ADMIXTURE 

Water-reducers and retarding admixture have an important function in enabling specifications for 

particularly low water-cement ratios to be met without exceeding specified maximum cement 

contents. They are also used extensively to enable higher workability to be used without violating 

max W/C requirements and without increasing bleeding or risks of segregation. Rates of loss of 

workability may decrease due to retarding effect of the admixture (Dewar and Anderson, 1992). 

According to Ramachandran (1995), there are possible ways in which water reducing and retarding 

admixtures used in concrete: 

• To produce concrete with very low water to cement ratio: - To achieve high strength 

concrete, water content of the mixture is reduced while maintaining the same cement 

content. The reduced workability is compensated for by incorporating water reducing and 

retarding admixture. By this method, water reductions of up to 12% can be achieved. 

• To produce concrete with reduced cement content: - water reducing and retarding 

admixture can be used to produce concretes with reduced cement contents while the water-

to-cement ratio is maintained constant. The decrease in workability of concrete is 

compensated by incorporating water reducing and retarding admixture. 

• To produce flowing concrete: - water reducing and retarding admixture have been used to 

produce self compacting, self-leveling flowing concretes. In this application, no attempt is 

made to reduce either the water-to-cement ratio or the cement content. Instead, the aim is to 

increase the slump up to 75-200 mm without causing any segregation so that the concrete 

can be easily placed. 

• To retard setting time of concrete: - water reducing and retarding admixture are used to 

keep concrete workable during the entire placing and transporting concrete period and also 

used to keep concrete plastic for a sufficiently long period. The amount of retardation 

obtained is dependent on the specific admixture used, its dosage, the brand and type of 

cement, the temperature, mixing sequence. 
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Figure 2. 1: WRR Admixture Use in Concrete Properties Enhancement 

(Source: Collepardi, 1998) 

2.6. EFFECTS OF WATER REDUCING AND RETARDING ADMIXTURE 

ON CONCRETE 

The effect of water reducing and retarding admixture on concrete depends on dosage, water to 

cement ratio, nature and amount of cement, aggregate, temperature. Generally, water reducing and 

retarding admixture will have an effect on fresh and hardened concrete. 

2.6.1. Effect of Water Reducing and Retarding Admixture on Fresh Concrete 

Fresh concrete is a mixture of water, cement, aggregate and admixture. After mixing, operation 

such as transporting, placing, compacting and finishing of fresh concrete can all considerably 

affect the properties of harden concrete. It is important that the constituent’s materials remain 

uniformly distributed within the concrete mass during the various stages of its handling and 

transporting. 
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Water reducing and retarding admixture have different effects on fresh concrete and the effects can 

observe on the following parameters, such as workability, water reduction, slump loss, bleeding 

and segregation. 

Workability: - Workability of concrete has never been precisely defined. For practice purposes it 

generally implies the ease with which concrete mix can be handled from the mixer to its finally 

compacted shape. The three main characteristics of the property are (Abdel, 2010): 

• Consistency: is a measure of wetness or fluidity. 

• Mobility: the ease with which a mix can flow into and completely fill the formwork or mould.  

• Compatibility: the ease with which a given mix can be fully compacted, all trapped air 

removed. 

Workability of concrete is improved when water reducing and retarding admixtures are 

incorporated in the mixture at given water content. The ability of water reducing and retarding is to 

increase the slump of concrete depends on the type, dosage, w/c ratio, nature and amount of 

cement, aggregate, temperature, etc. The time when the water reducing and retarding is added to 

concrete affects the slump values. By adding the admixture with the mixing water, the slump value 

is increased considerably. Even higher slump values are possible by the addition of admixture a 

few minutes after the concrete is mixed with water. It can be derived, from the standard definition 

of water reducing and retarding admixture, that they reduce the water content about 5–12 %, at the 

same workability of concrete mixture. The improvement of workability can be also achieved at 

constant w/c ratio, with lower admixture addition (Wieslaw, 2014). In the temperature range of 5-

35°C there is no radical difference in the slump values attained by the addition of water reducing 

and retarding.  

The use of water reducing and retarding admixtures (i.e. type D in accordance with ASTM C 494) 

in concrete subjected to prolonged mixing (ready-mixed concrete) accelerates, rather than slows, 

the rate of slump loss. This effect, which may not be observed in all possible combinations of 

retarders and OPC cements, must be considered, however, as a distinct possibility. Nevertheless, 

this admixture may be used when prolonged mixing is involved, provided they are mainly utilized 

to reduce water demand and delay setting. 



17 | P a g e  

 

The use of retarding admixtures increases plastic shrinkage and reduces early tensile strength 

development. Accordingly, such use increases the likelihood of plastic shrinkage cracking to 

occur. Hence, when type D admixtures are used, extra care should be taken to protect the retarded 

fresh concrete from drying as soon as possible, and particularly under hot and dry weather 

conditions. (Soroka and Ravina, 1998) 

There is no acceptable test which will measure directly concrete workability. Three tests widely 

used for measuring workability are slump, compacting factor and V-B consistometer test. Slump 

test is a test used extensively in site work all over the world. ACI 116R- 90 prescribe it as a 

measure of consistency. But the test is very useful in detecting variation in the uniformity of a mix 

of a given nominal property. Various factors known to influence the workability of freshly mixed 

concrete, and it will be apparent that a change in workability associated with the constituent’s 

materials is mainly affected by water content and specific surface of cement and aggregate (Abdel, 

2010).  

Water Reduction: - water reducing and retarding admixture reduce the water requirement at least 

5%. Water reducing and retarding admixture can be used to significantly increase slump without 

increasing water content and may be used to achieve a combination of these two objectives; a 

slump increase with a reduction in water content. The amount of water reduction achievable with a 

particular water reducer and retarder admixture depends on the dosage and the initial slump (Ziad 

and Ramon, 1999). In this research water reducing and retarding admixture effects on compressive 

strength, permeability and workability of concrete with water reduction compared with the 

constant W-C. 

Slump Loss: - the rate of slump loss in concrete containing a water reducing admixture (WRA) 

can be affected by the type of WRA, the dosage used, the simultaneous use of a ASTMC 494 

(ASTM C 494/C 494M, 2001) Type A, B, or D admixture, the type and brand of cement, the class 

of concrete, and the concrete temperature. These factors are by no means the only ones affecting 

slump loss, but they are those that can typically be controlled by the user. Ambient temperature is 

not as controllable but it can also have a dramatic effect on the performance of a WRA. (Perenchio 

et.al, 1998)  
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Both specifications for Water Reducing and Retarding Admixture (ASTM C 494 and C 1017) 

mention slump loss, but neither requires tests for slump-loss characteristics. As a result of 

advances in water reducing and retarding admixture technology and the numerous products 

available, it has become advantageous to describe these products not only by the requirements of 

Ethiopian Building Standards, but also by the method of addition. A retarding water reducing 

admixture may be added at the job site or at the batch plant. Water reducers decrease, increase or 

have no effect on bleeding, depending on the chemical composition of the admixture. A reduction 

of bleeding can result in finishing difficulties on flat surface when rapid drying conditions are 

present. Water reducing and retarding admixture have varying degrees of retardation effect 

(Steven, 2003). 

The effect of type D admixtures on the slump loss of concrete subjected to 30°C is depending on 

their specific type and dosage, actually increased, rather than decreased, the rate of slump loss. 

(Soroka, 1993) This observation has been confirmed by many others and gives rise to the question 

whether or not this type of admixture may be recommended for use in hot weather conditions.  

When normal water reducing admixtures are added at the job site, the concrete exhibits moderate 

to rapid slump loss and normal or retarded initial setting characteristics, special products added at 

the batch plant can extend slump retention in the concrete, along with either retarded or normal 

initial setting characteristics. The difference in performance does not indicate that one product is 

better than another, but that certain products may be more appropriate in some construction 

situations than in others. Generally, the higher the dosage rate of Water Reducer Admixture in 

concrete, the lower the rate of slump loss. (Soroka, 1993) 

The increased slump loss observed when type D admixtures were used warrants some explanation 

because these types of admixtures do retard setting when tested in accordance with ASTM C494. 

The seemingly contradictory behavior may be attributed to the difference in test conditions 

involved, i.e. while the increased slump loss was observed in concrete which was subjected, one 

way or another, to agitation, either continuously or periodically, the time of setting is determined 

on a concrete which remains undisturbed (ASTM C403) (Soroka, 1993).  

Water: Cement system: - it is known that some of the properties of fresh concrete can be 

considered in terms of the rheological properties of the cement paste contained in the concrete. 
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Thus, a high water-cement ratio concrete will contain a paste content which is more fluid than that 

of a low water-cement ratio concrete (Rixom and Mailvaganam, 1999). 

Concrete admixtures are construction chemicals that reliably improve the sustainability of a broad 

range of cement-based systems. It becomes an integral component in today's best in class 

sustainable concrete systems (Cheunga, et.al, 2004). However, Cheung, et.al (2011) claims that 

on-going research and development efforts are required to achieve more ambitious sustainability 

targets. At the same time varying the time of addition for retarding and water reducing admixtures 

can have a significant impact on the rheology and setting characteristics of cementitious mixtures. 

Accordingly this reasearch try to find which dosage level have a postivite effect on the concrete 

water: cement ratio. 

Bleeding and Segregation: - in considering the workability of concrete, it was pointed out that 

concrete should not segregate, i.e. it ought to be cohesive; the absence of segregation is essential if 

full compaction is to be achieved. Segregation can be defined as separation of constitutes of a 

heterogeneous mixture so that their distribution is no longer uniform. In the case of concrete, it is 

differences in the size of particles (and sometimes in the specific gravity of the mix constitute) that 

are the primary cause of segregation but its extent can be controlled by the choice of suitable 

grading and by care in handling. Bleeding knows also as water gain, is a form of segregation in 

which some of the water in the mix tends to rise to the surface of freshly placed concrete. this is 

caused by the inability of the solid constitutions of the mix to hold all of the mixing water when 

they settle downwards. 

2.6.2. Effect of Water Reducing and Retarding Admixture on Hardened Concrete 

The properties of fresh concrete are important only in the first few hours of its history whereas the 

properties of harden concrete assume an important which is retained the remainder of the life of 

concrete. 

The important properties of harden concrete are: Strength, Deformation under load, Durability, 

Permeability and Shrinkage. In general, strength is considered to be the most important property 

and the quality of concrete is often judged by its strength. The strength of concrete is defined as the 

maximum load (stress) it can carry. As the strength of concrete increases its other properties 
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usually improve and since the test for strength, particularly in compression, are relatively simple to 

perform concrete compressive strength is commonly used in the construction industry for the 

purpose of specification and quality control. Concrete is comparatively brittle material which is 

relatively weak in tension. 

Compressive Strength: - is taken as the maximum compressive load it can carry per unit area. 

Concrete strength achieved by selective use of the type of cement, mix proportion, method of 

curing conditions. Concrete structures, except for road pavements, are normally designed on the 

basis that concrete is capable of resisting only compression, the tension being carried by steel 

reinforcement. There are several factors which affect the strength of concrete: properties of the 

constituent materials (cement, water, aggregate, and admixtures), methods of concrete mix 

preparation, curing methods and concrete test conditions (Abdel, 2010). 

The reduction in water caused by water reducing agents results a net increase in strength at 28 

days. When water reducing admixtures are used by decrease the w/cm the 28-day compressive 

strength can increase by 20% or more. This seems to be related to the greater degree of hydration 

at later ages caused by these admixtures, and hence leads to a higher strength even at the same 

water-cement. At very early ages, such as one day, compressive strength of concretes containing 

water reducing agents, such as lignosulfonate, gluconic acid and sucrose, is lower than that of the 

reference mix at the same water-cement ratio, because of the retarding effect of admixtures on the 

early hydration of cement. However, at 3 and 7 days the strength increase is generally greater than 

at 1 day and 28 days (Ramachandran, 1995). For a given compressive strength, a reduction in 

cement content of about 15% is possible in admixture treated concrete with respect to the control 

mix.  

Durability: - is ability of concrete to withstand the damaging effects of environmental factors, and 

to perform satisfactorily under service conditions. Clearly the durability of concrete is of prime 

importance in all engineering applications, and the satisfactory performance of the concrete must 

be ensured throughout its expected service life (Soroka, 1993).  

Permeability: - is determined by the permeability of the set cement which, in turn, is determined 

by its porosity or rather by the continuous part of its pore system. The very small gel pores do not 

allow the passage of water and, consequently, permeability is conditional on the presence of bigger 
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pores, namely, the capillary pores. Capillary porosity, in turn, is determined by the W/C ratio and 

the degree of hydration. Hence, for the same degree of hydration (i.e. the same age and curing 

regime) permeability is determined by the W/C ratio alone (Soroka, 1993). Concrete produced by 

water reducing and retarding admixture can be placed easily; therefore, the resultant concrete, if 

properly cured, can have extremely low permeability and good resistance to the penetration of 

aggressive solutions. When the admixture is used to reduce the w/c ratio, the resistance of the 

concrete to chloride penetration is even greater (Ramachandran, 1995). 

The relation between the W/C ratio and permeability is that, permeability is hardly affected by 

further reductions in the W/C ratio. At higher ratios, however, permeability becomes highly 

dependent on the W/C ratio, and a comparatively small increase in the latter is associated with a 

considerable increase in the former. In the lower W/C ratio range, the system is discontinuous and 

the capillary pores are separated from each other by the cement gel. The permeability of the gel 

being rather low, the permeability of the concrete as a whole is similarly low and independent of 

capillary porosity. In the higher W/C ratio range, the pore system is continuous and allows, 

therefore, the passage of water. Hence, increasing the pore volume in such a system increases 

permeability (Soroka, 1993). Such relationships, even if only empirical in nature, suggest a linkage 

between the density and durability, since the durability of concrete can be related to the degree to 

which water, water vapor, oxygen, and carbon dioxide can permeate the concrete. 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1. GENERAL 

Concrete is a building material made from a different mix of cement, aggregates and water. 

Admixtures are used to change concrete properties to desired functional level. The standard mix 

designs vary according to both the intended use of mix and its projected properties in the hardened 

state. This study was conducted to observe the effects of water reducing and retarding (WRR) 

admixture in concrete properties. Experiments were conducted on 237 test samples with four 

different dosages (0%, 0.5%, 0.85% and 1.2%) of WRR admixture and tested for 7, 14 and 28 days 

compressive strength and at 28 days permeability test. In this chapter concrete making materials 

used for the study and experimental procedures adapted to test physical properties of the samples 

are presented.  

3.2. MATERIALS USED FOR THE EXPERIMENT 

3.2.1. Portland Cement  

Ordinary Portland Cement (Type I) produced as per ASTM 150 (ASTM C150 99a, 1997) 42.5R 

grade contains 95% clinker and 5% gypsum was used in this study. It is excellent general cement 

and it’s the most widely used cement type. (Neville and Brooks, 2010).   

3.2.2. Aggregate  

3.2.2.1. Fine Aggregate 

The fine aggregate in Ethiopia often referred to as sand, which is usually not a commercially 

manufactured product instead it is taken directly from river. In this study the locally available river 

sand from Langano, Oromia Region and crushed sand was used as a fine aggregate in the concrete 

mix design in the ratio of 90 to 10 percent respectively. Since, the aggregate is extracted from the 

river side and quarry site; it’s full of dust film on their surface. For this reason, the fine aggregates 

were washed thoroughly and dried to saturated surface dry (SSD) state before any test was carried 

out. In addition to this fine aggregate which retain on 9.5mm sieve size weren’t used for the 
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experiment. For sands used in concrete, the fineness modulus generally ranges from 2.3 to 3.1 (ES 

6141: Ethiopian Standard, 2017). The properties of fine aggregate were evaluated by conducting 

different experiment such as sieve analysis, unit weight, moisture content, specific gravity and 

absorption capacity. 

• Sieve Analysis: is a procedure for determination of the particle size distribution of 

aggregates using a series of square or round opening starting with the largest. It is used to 

determine the aggregates grading and the finesse modulus. The procedure for grading fine 

aggregate was quarter the 2Kg fine aggregate sample using riffle box. From the quartered 

sample 500gm was taken to place on the top of sieve. Before that empty sieves were 

weighted and the data was record. The 500gm sample was shaking about 10 minutes in a 

sieve shaker. Finally, each sieve together with the aggregate retained was weighted and 

filled the gradation chart. 

• Unit weight of Fine Aggregates: is simply measured by filling a container with known 

volume and weight of aggregate (Abebe Dinku, 2002). Then, dividing the aggregate weight 

by the volume of the container provides the unit weight of the aggregate. Clearly the 

degrees of compaction will change the amount of void space, and hence the value of the 

unit weight. Oven dry aggregate is used for this experiment.  

• Moisture Content of Fine Aggregates: Since absorption represents the water contained in 

the aggregate in a saturated surface dry condition, we can define the moisture content as the 

water excess of the saturated and surface dry condition. Thus, the total water content of a 

moist aggregate is equal to the sum of absorption and moisture content. Moisture content 

changes with weather and varies also from one stockpile to another, due to this the 

moisture content checked frequently. 500 gm fine aggregate sample oven dry for 24 hrs 

with a temperature of 105 °C – 110 °C and cool for an hour. And then weight the oven dry 

aggregate. 

• Specific Gravity and Absorption Capacity of Fine Aggregates: The weight: volume 

characteristics of aggregates are not an important indicator of aggregate quality but they are 

important for concrete mix design, Density, the mass per unit volume, could be used for the 

calculations of specific gravity and absorption capacity.  However, specific gravity, the 

mass of a material divided by the mass of an equal volume of distilled water, is more 
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commonly used. Four types of specific gravity are defined based on how voids in the 

aggregate particles are considered. Three of these types are bulk dry, bulk saturated surface 

dry and apparent specific gravity which is widely accepted and used in concrete mix 

design.  

3.2.2.2. Coarse Aggregate  

Coarse aggregate is a material commonly produced by crushing larger rock, separating the crushed 

portion according to size, and recombined in a carefully controlled manner. The coarse aggregate 

used in the experimental investigation was a crushed rock from Akaki Kality Sub city, Addis 

Ababa, it is locally called “08 Ashwa Meda”. Before concrete mixing, the aggregate from the 

quarry site was washed and dried in air at the construction material workshop. The size of coarse 

aggregate used for the study was a mixture of 20mm and 10mm diameter aggregate sizes and it 

was sieved and stored in different grades for blending. In this study a maximum size of 25 mm 

diameter aggregate was used in the concrete mix design. To evaluate the properties of coarse 

aggregate the following experimental test were conducted specific gravity, unit weight, water 

Absorption, moisture content and fineness modulus analysis. 

3.2.3. Mixing Water  

Mixing water should be free from sewage, oil, acid, clay and loam. The water used in the concrete 

mixing was portable water from AASTU construction material workshop. 

3.2.4. Water Reducing and Retarding Admixture  

A water reducing and retarding (WRR) admixture is a material other than water, aggregates and 

cement used as an ingredient of concrete and added to the batch during mixing. Different suppliers 

of WRR admixtures are available in Addis Ababa. They are imported from abroad and also 

produced by local manufacturers. The locally admixture manufacturer from which the WRR 

admixture was purchased. The manufacturer’s recommended dosage for WRR admixture in 

concrete mix is 0.5% to 1.2% per cement content. But no indication of the optimum value within 

this range. Thus, this admixture effects on concrete properties such as workability, slump retention, 

compressive strength, permeability, etc was analyzed. According to the manufacturer data this 
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admixture has a shelf life of 12 months under normal condition. The Table 3.1 shows the typical 

properties of type D admixture at room temperature as described by the manufacturer. 

Table 3 1: Properties of Water Reducing and Retarding Admixture at 25°C 

S.N Parameter Result 

1 Air Entrainment 1-2% depending on dosage 

2 Specific Gravity 1.12±0.03 @25°c 

3 Color Dark Brown 

4 Appearance Liquid 

5 Freezing  0°c  

 

3.3. MIX PROPORTION AND SAMPLES PREPARATION 

According to ACI 301-99 (ACI 301-99, 1999) performance and design requirement to provide 

workability and consistency, average compressive strength provides an average adequate 

compressive strength. The required average compressive strength fi
cr was calculated for the 

specified class of concrete in accordance with one of the following:    

 fi
cr = fi

c + 1.34ks………………………………………………………..Eq1 

fi
cr = fi

c + 2.33ks – 500…………………………………………………Eq2 

Where:  fi
cr = required average compressive strength (Mpa) 

fi
c = specified strength amount (Mpa) 

k = constant factor  

s = standard deviation  

ACI 211.1 concrete mix design manual was used to design for C-40 and C-25 concrete grade. 

When field test records are not available to establish a standard deviation, the required average 

compressive strength can be selected from the following equations (ACI 301-99, 1999). 

fi
cr = fi

c + 7 MPa when specified compressive strength is less than 21 Mpa………Eq3 
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fi
cr = fi

c + 8.5MPa  when specified compressive strength is between 21 to 35Mpa…. Eq4 

fi
cr = 1.1fi

c + 5 MPa when specified compressive strength is greater than 35 Mpa……Eq5 

Target mean strength for C-40 grade concrete is 49 N/mm2 and for C-25 is 33.5 N/mm2. Water to 

Cement ratio requirement for various type of construction was 0.30 and 0.49 respectively.  Slump 

required mostly for ready mix concrete was 160-220 mm. The mix proportions of all mix design 

are listed in Appendix II. Table 3.2 and 3.3 present the quantities of mix proportion for one cubic 

meter of concrete and one cement bag for C-40 and C-25 concrete grade respectively. Standard 

cast iron moulds of size 150x150x150 mm are used in the preparation of cubes for compressive 

strength and permeability test. The moulds have been cleaned to remove dust particles and applied 

with burned oil on all sides before the concrete is poured into the mould.  

Table 3 2: Concrete Materials Quantity for 1m3 C-40 Concrete 

C-40: W/C = 0.30 

Concrete Ingredients  Amount per 1m3 (Kg) Amount per Laboratory Trial Batch (Kg) 

Cement  673.33 22.89 

Water  191.35 6.51 

Fine aggregate  391.09 13.30 

Coarse aggregate  1061.25 36.08 

Table 3 3: Concrete Materials Quantity for 1m3 C-25 Concrete 

C-25: W/C=0.49  

Concrete Ingredients  Amount per 1m3 (Kg) Amount per Laboratory Trial Batch (Kg) 

Cement  412.24 14.02 

Water  190.15 6.46 

Fine aggregate  591.40 20.11 

Coarse aggregate  1061.25 36.08 

The concrete ingredients cement, fine aggregate (sand), coarse aggregate, mixing water and 

admixture were measured by weight balance. Tilting drum type batch mixer was used to mix the 

concrete ingredients. After measuring the ingredients, weighted coarse aggregate was first added to 

the mixer and the cement was added after the coarse aggregate and then the fine aggregate was 
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added next to cement and dry mixed for a minute. Then, water and admixture were added to the 

dry mixed concrete ingredients mixture and thoroughly mixed for two more minute. Full blending 

of the admixture and the concrete was ensuring by mixing for the period.  

The mixed concrete was cast in the cube molded. Excess concrete was removed with trowel after 

proper compaction and top surface was smoothened.  After casting, the specimens were stored in 

the material workshop with room temperature for 24 hours. After this period, the specimens were 

removed from the moulds, immediately submerged in the clean and fresh water tank. The 

specimens were cured for 28 days and tested for their compressive strength at 7, 14 and 28 days. 

Concrete workability was evaluated by performing slump test in 0%, 0.5%, 0.85% and 1.2% WRR 

admixture dosage. After identifying the optimum workable dosage, for both concrete mix design 

C-25 and C-40, compressive strength test was conducted to compare control mix with the optimum 

workable WRR admixture added concrete. In this concrete cube sample were prepared for 7th, 14th 

and 28th days in three duplication of sample. For C-25 and C-40 concrete grade by 5%, 8% and 

12% cement reduction in 0.5%, 0.85% and 1.2% WRR admixture dose added concrete sample 

were prepared for 7th, 14th and 28th days in three duplication of sample. At a constant slump, C-25 

concrete grade was reduced mixing water by adding 0.5%, 0.85% and 1.2% WRR admixture dose 

to conduct compressive strength and permeability test.  For compressive strength test and 

permeability test cube samples were prepared for 7th, 14th and 28th days and at the age of 28th day 

respectively in three duplicates. 
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Table 3 4: Number of Sample Prepared for the Experiment 

 % 

Reduction 

WRR 

Admixture 

Dosage Rate 

Compressive 

Strength Test 

Permeability Test 

Concrete Grade C-25 C-40 C-25 C-40 

Control Mix 9 9 3 - 

Optimum Workable WRR Admixture dosage added 

Concrete 

9 9 - - 

By Reducing Cement 

Content  

5% 0.5% 9 9 - - 

0.85% 9 9 - - 

1.2% 9 9 - - 

8% 0.5% 9 9 - - 

0.85% 9 9 - - 

1.2% 9 9 - - 

12% 0.5% 9 9 - - 

0.85% 9 9 - - 

1.2% 9 9 - - 

By Reducing Mixing 

Water Content  

5% 0.5% 9 - 3 - 

8% 0.85% 9 - 3  

12% 1.2% 9 - 3  

Grand Total 126 99 12 - 
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3.4. EXPERIMENTAL DESIGN 

According to the research objectives, effects of water reducing and retarding admixture on ready 

mixed concrete properties was examined, such as: workability, strength and permeability of 

concrete have been studied with four different dosages rate which is 0%, 0.5%, 0.85% and 1.2% of 

the cement amount. The laboratory experiments were performed in four different stages, these are: 

• The effect of water reducing and retarding admixture into workability of a concrete by 

different dosage range at a constant W/C ratio were examined for C-40 and C-25 mix 

design. 

• The optimum workable dosage of water reducing and retarding admixture on C-40 and C-

25 mix design were evaluated its hardened concrete properties comparing with the control 

mix design at a constant W/C ratio. 

• Water reducing and retarding admixture effect on fresh and hardened concrete properties 

were examined by reducing cement content at constant W/C ratio of C-25 and C-40 Mix 

design. 

• The effect of water reducing and retarding admixture on fresh and hardened concrete 

properties was evaluated by reducing amount of mixing water at a constant slump on C-25 

mix design. 

In studying the effects of water reducing and retarding admixture on concrete workability at 

constant water cement ratio for normal concrete strength C-25 and C-40 grade with different 

dosage of admixture. In this case water reducing and retarding admixture was added to the mix in 

different dosage with the constant water cement ratio. Slump test is carried out to get a better 

indication of concrete workability. The mixed concrete was checked workability by filling the 

standard slump cone with three layers by rod tapping each layer with 25 times, then removing the 

cone and measuring how much the concrete subsides; however, when the concrete has a very high 

or very low slump its results may not be accurate, so that slump height measure in three different 

points and took the average. The test was conducted for 1 hour and 30 minutes within 30 minutes 

interval. 
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The compressive strength of the concrete was determined by cube concrete test. The mixed 

concrete was placed in the mould size of 150mm*150mm*150mm and well compacted in three 

layers with tapped rod and the help of a table vibrator for 30 seconds.  All specimens were 

weighed and measured to determine the density of the concrete. Tests were carried out on the 

concrete at ages 7, 14 and 28 days to determine the rate of strength gain of the concrete. Before 

testing of the concrete all cubes were inspected for defects in the concrete to ensure consistent 

results and then loaded at a constant rate of 6.8KN/sec, in the compressive strength testing 

apparatus at the AASTU material workshop. At each age three specimens were tested to ensure 

accurate results were obtained. 

The effect of WRR admixture on concrete properties was evaluated by reducing amount of mixing 

water at a constant workability. In this case the water content was gradually increased until 

achieving a constant slump like that of the reference concrete by keeping all other ingredients 

similar to the mix design. The dosages of WRR admixture was added with 25% mixing water after 

the addition of 50% of water and then to kept the workability constant, the reminder water was 

added by the method of successive trials through checking the workability of concrete. 

As per the specific objective the effect of WRR admixture on compressive strength and 

permeability by reduction of mixing water at constant workability were assessed by the addition 

0%, 0.5%, 0.85% and 1.2% WRR admixture. In order to check the effect, experiments were 

performed on C-25 concrete grade with 15cm cubes. For the rate compressive strength 

development, concrete cubes were tested at the age of 7th, 14th and 28th days. However, for 

permeability test results only at the age of 28th day were conducted. 

Cement is obtained by extraction of natural resources (rock) as raw materials and processed in 

factory. But, the production of cement has some adverse impacts on environmental and economical 

points of view. However, addition of WRR admixtures to improve concrete properties by reducing 

cement content minimizes environmental and economic problems caused by production of huge 

cement amount. WRR admixture obtained as a byproduct from factories can avoid discharge of 

chemicals to rivers, which causes pollution of rivers water. However, the European Federation of 

Concrete Admixtures Associations collected manufacturing data for the synthesis and blending of 

Water reducer in 2000-2001 based on the figures from eight of Europe’s largest admixture 
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producers. The Eco-profile for sulfonated naphthalene formaldehyde WRA, CO2 emission per kg 

is 0.69. Each ton of Portland cement that is produced involves the release into the atmosphere of 

about one ton of CO2. In this the total reduced CO2 emission (Kg/m3) were calculated in optimum 

cement reduced and WRR admixture dosage concrete for C-25 and C-40 concrete grade. The 

economical comparative analysis was carried out according to the market price when the concrete 

ingredients are purchased for the research. Concrete ingredient market prices for cement, WRR 

admixture, 01’ aggregate, 02’ aggregate, 00’ aggregate, natural sand and Mixing Water was 

295birr per quintal, 25.30 birr per liter, 280birr per cubic meter, 400 birr per cubic meter, 390 birr 

per cubic meter, 525 birr per cubic meter and 21birr per cubic meter respectively.  All price 

included VAT. 
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CHAPTER FOUR 

RESULTS AND DISSCUSSION 

4.1. GENERAL 

In this chapter, details of the experimental results are presented and discussed. The effect of water 

reducing and retarding (WRR) admixture in fresh and hardened concrete properties were examined 

at four stages. The first stage was examining the workability of a concrete by different dosage 

range for C-40 and C-25 mix design. On the basis of the optimum workable dosage of the 

admixture the compressive strength test was examined. At the third stage, the admixture effect on 

concrete workability and compressive strength were examined by reducing cement content at 

constant W/C ratio for C-25 and C-40 Mix design. Finally, the effect of the admixture on hardened 

concrete properties were evaluated by reducing amount of mixing water at a constant slump on C-

25 mix design  

4.2. BASIC PROPERTIES OF THE MATERIALS USED FOR THE 

EXPERIMENT 

4.2.1. Properties of Portland Cement 

According to the tests result, the normal consistency of the Portland cement used for the 

experiment was 29%. This test is used to determine the amount of water required to prepare a 

standard cement paste. The initial and final setting time was 45 minutes and 133minutes 

respectively. According to ASTM C 188 (ASTM C 188, 1997) standard test method for relative 

density (specific gravity) of hydraulic cement is 3.15. 

4.2.2. Properties of Aggregate  

4.2.2.1. Fine Aggregate 

According to ES 6141:2017, the gradation result of the original river sand sample is out of range 

on 1.18mm and 0.6mm sieve size. So, it is blended with crushed sand to make within the range. 

Fine aggregates used in ready-mixed concrete are predominantly natural silica sands, but there are 

some in which other materials predominate like crushed rock fines, but usually only in 
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combination with sand (Dewar and Anderson, 1992). The grading requirements for fine aggregates 

according to ES 6141:2017and, the particle size distribution of river sand, crushed sand and 

blended fine aggregate used for the experiment is shown in Figure 4.1.  

 

Figure 4. 1: Fine Aggregate Gradation Chart 

 

Finesse Modulus = ∑% Cumulative Coarser …………………………………………………Eq6 

                                                   100 

FM (Blended Sand) = 255.82/100 = 2.56 

Accordingly, the fine aggregate can be classified as coarse sand when a fineness modulus is 

between 2.90 to 3.10; medium sand with a fineness modulus of 2.60 to 2.90 and; fine sand with a 

fineness Modulus of 2.20 to 2.60. So, the sample was classified as fine sand.  
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According to the Ethiopian Standard it is recommended to wash the sand or reject if the silt content 

is more than 6% (Abebe Dinku, 2002). From the test result obtained, the silt content of the river 

sand and crushed sand used for this experiment separately before washing was 1.56% and 4.80% 

respectively, which is below the maximum requirement of Ethiopian standard. But to get a better 

result the aggregate was washed thoroughly and the result becomes 0.74% and 2.08%. The table 

4.1 describes the summarized experimental results for the fine aggregate used in the experiment. 

Table 4. 1: Summarized Test Results for Fine Aggregate 

S. No Experiment for Fine Aggregate Results 

1 Silt Content Before Washing 2.22% 

After Washing  0.51% 

2 Fineness Modulus 2.56 

3 Absorption Capacity 1.3% 

4 Moisture Content 1.91% 

5 Unit Weight (Dry- rodded bulk density) 1,414 kg/m3 

6 Specific Gravity Bulk Specific Gravity  2.3 

Bulk Specific Gravity (SSD) 2.34 

Apparent Specific Gravity 2.38 

 

4.2.2.2. Coarse Aggregate  

The coarse aggregate gradation chart described in the figure 4.2. The summarized experimental 

results for specific gravity, unit weight, water absorption and moisture content results shown in 

Table 4.2: 
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Figure 4. 2: Coarse Aggregate Gradation Chart 

Table 4. 2: Summarized Experiment Results for Coarse Aggregate 

S. No Experiment for Coarse Aggregate Results 

1 Absorption Capacity 0.745% 

2 Moisture Content 1.54 % 

3 Unit Weight (Dry- rodded bulk density) 1506 Kg/m3 

4 Specific Gravity Bulk Specific Gravity 2.49 

Bulk Specific Gravity (SSD) 2.50 

Apparent Specific Gravity 2.53 
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4.3. WRR ADMIXTURE EFFCT ON CONCRETE WORKABILITY 

Slump test results on the fresh concrete carried out gave a good indication of concrete workability. 

The results obtained from the slump tests shows that as the water cement ratio constant, WRR 

admixture was increased the slump of the concrete. Figure 4.3 illustrates a typical concrete cone 

slump test sample ready for testing and after testing. 

         

 (A) (B) 

Figure 4. 3: Sample under Slump Test- (A) ready for test: (B) after test 

Accordingly, the concrete workability was evaluated by adding different WRR admixture dosage 

and by reducing cement at 5%, 8% and 12% from the control mix design with different dosage of 

type D admixture for C-25 and C-40 concrete grade.  

4.3.1. Concrete Workability for C-25 Concrete Grade 

The recommended dosage of water reducing and retarding admixture given by the manufacturer is 

in a range of 0.5 to 1.2 percent. On this regard the admixture dosage added to the mix was 0.5%, 

0.85% and 1.2%. For C-25 Concrete grade slump test were conducted to analysis the fresh 

concrete workability comparing with control mix. Figure 4.4 showed that slump test results for 

different dosage rate. The values of slump and rate of retardation of concrete setting time 

development are also shown. 
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Figure 4. 4: Effect of WRR Admixture on C-25 Concrete Workability  

Based on the observed slump measurements, the concrete mix produced without WRR admixture 

has an initial slump of 150mm. Similarly, the observed slump for a dosage of 0.5% admixture 

added concrete was 170mm. The observed difference between the two slumps was 20mm. 

According to ASTM C143 standard recommendation, 0.5% dosage of WRR admixture does bring 

a significant workability improvement. However, given the fact the experiments are carried under 

controlled situations, the actual variability of slump is expected to be lower, but 0.5% WRR 

admixture shows tendency of workability increment. 

For a dosage of 0.85% WRR admixture added concrete, the observed initial slump was measured 

194mm. The observed difference between the two slumps, which is produced without adding 

WRR admixture and 0.85% WRR admixture added concrete, was 44mm. This shows addition of 

0.85% WRR admixture have brought improvement over the reference concrete and provided a 

higher result. 
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The highest increment of slump value was observed by addition of 1.2% WRR admixture, which 

was measured 207mm as an initial slump. This shows the workability of 1.2% WRR admixture 

added concrete was improved by 57mm from reference concrete and provided very high slump. 

According to Collepardi (1998), Slumps from 160 to 200 mm is most suitable concrete slump 

height for pumping. In mixtures with higher slump, the coarse aggregate can separate from the 

mortar and paste and can cause pipeline blockage. Slumps obtained through the use of additive, 

however, are usually pumped without difficulty. 

According to the test observation, the initial slump of 0.5%, 0.85% and 1.2% WRR admixture 

added concrete were within the range and produced collapse slump. The slump can increase by 

increasing the admixture dosages. But based on the value of C-25 slump test result with 1.2% 

WRR observed after one hour, it’s decreased comparing with 0.85% WRR dosage rate.  C-25 

concrete grade with 0.85% WRR admixture will help to obtain workable concrete for a longer 

time, and this will reduce the quick slump loss during the transportation and placing of concrete 

from batching plant to the project site. 

However, over dosage of admixtures leads to high slump, which will not give the desired slump as 

expected. Therefore, it will affect the strength of produced concrete. This does not mean too much 

slump will no longer relevant, it will be preferable to use in congested areas with steel 

reinforcement as a self-compacted concrete, and this can reduce wastage of time and money 

incurred for compaction. 

4.3.2. Concrete Workability for C-40 Concrete Grade 

Results for slump height for C-40 concrete grade at different dosage rate 0.5%, 0.85% and 1.2% 

WRR admixture are shown in Figure 4.5. 
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Figure 4.5: Effect of WRR Admixture on C-40 Concrete Workability  

According to the observed test results, the initial slump of C-40 concrete grade produced without 

adding WRR admixture was measured 80mm. similarly, for 0.5% of WRR admixture added 

concrete, the initial slump was 130mm. The observed difference between the two slumps was 

50mm. However, according to ASTM C143 standard the variability for a slump of 0.5% dosage of 

WRR admixture does bring a significant workability improvement. On the other hand, the 

observed initial slumps of 0.85% and 1.2% were 180mm and 210mm. This indicates, the observed 

slump of 0.85% and 1.2% WRR admixture added concrete was shown differences by 100mm and 

130mm from the reference concrete respectively. For this reason, the observed results of 0.85% 

and 1.2% WRR admixture added concrete have improved the workability of reference concrete. 

The highest slump height was observed at 1.2% WRR admixture added concrete by 210mm. After 

one hour and thirty minutes later, the highest slump result is 85mm by 1.2% WRR admixture 

added concrete. After one hour, C-40 with 1.2% WRR admixture added concrete loss pumpablity 

characteristic.  
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4.4. WRR ADMIXTURE EFFCT ON CONCRETE WORKABILITY BY 

REDUCING CEMENT CONTENT 

As mentioned previously WRR admixture have an ability to reduce water. Figure 4.4 and 4.5 

showed the effect of WRR admixture in fresh concrete without cement reduction. Water reducers 

have a capacity to reduce mixing water from 5% up to 12%. Table 4.3 shows that the slump test 

results for 0%, 5%, 8% and 12% cement reduction with different WRR admixture dosage rate. In 

this case the water cement ratio is constant. The retardation effect of the WRR admixture also 

showed within 30 minutes’ interval.  

Table 4. 3: Effect of WRR Admixture on C-25 Concrete Workability by Cement Reduction 

at Constant W/C 

Cement 

Reduction  

WRR Admixture 

Dosage Rate (%) 

Slump Height (mm) 

Initial 

Slump 

After 30 

Minutes 

After 1 

Hour 

After 1 Hour 

and 30 Minutes 

C-25 Control Mix 150 28 18 15 

0%  

0.5 170 120 70.4 22.5 

0.85 194 150 110 90 

1.2 207 165 95 65 

 

 

5%  

0.5 64.2 54 35.2 28.3 

0.85 80.5 76 60.4 56 

1.2 180 146.7 70.3 62 

 

 

8%  

0.5 93 62.4 40.4 26 

0.85 100 71.6 42.6 33.5 

1.2 160 120.6 73.6 50.3 

 

 

12%  

0.5 28 23 20 18 

0.85 30 27.6 22 20 

1.2 35 30 28 25 
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The effect of WRR admixture on concrete workability was assessed by reducing cement content. 

For 5% cement reduced concrete, the initial slump was 64.2mm, 80.5mm and 180mm for 0.5%, 

0.85% and 1.2% WRR admixture added concrete. This indicates the slump test result for  0% 

cement reduced concrete with 0.5%, 0.85% and 1.2% WRR admixture were reduced by 105.8mm 

or 62.23%, 113.5mm or 58.50% and 27mm or 13.04% respectively. The 5% cement reduced with 

1.2% WRR added concrete brings a significant workability improvement to the control mix initial 

slump by 30mm or 16.67%. In all time interval slump test taken place 5% cement reduced concrete 

was reduced the 0% cement reduced concrete slump result for 0.5%, 0.85% and 1.2% WRR 

admixture added concrete. The 5% cement reduced concrete with 0.5% WRR admixture were 

slightly improved 0% cement reduced concrete with 0.5% WRR admixture slump result after 1 

hour and 30minutes by 5.80mm. According to ASTM C143 acceptable range of two results with 

single operator precision is between 17mm to 28mm. such that 5.80mm improvement over the 0% 

cement reduced concrete was tiny slump change. 

For 8% cement reduced concrete, the observed initial slump measurement was 93mm, 100mm and 

160mm for 0.5%, 0.85% and 1.2% WRR admixture added concrete respectively. The observed 

initial slump height difference between without cement reduced and 8% cement reduced with 

0.5%, 0.85% and 1.2% WRR admixture added concrete was 77mm or 45.29%, 94mm or 48.45% 

and 47mm or 22.07%. This shows reduction of 8% cement content have brought downgrading 

over the reference concrete workability, 

At 12% cement reduced concrete, the initial slump height for 0.5%, 0.85% and 1.2% WRR 

admixture added concrete was 28mm, 30mm and 35mm respectively. The slump result conducted 

was the least slump height. According to the result the concrete as ready mixed concrete, it is very 

difficult to use pump in concrete placing.  

The effect of WRR admixture on C-40 concrete workability by reducing cement content is shown 

in Table 4.4.  
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Table 4. 4: Effect of WRR Admixture on C-40 Concrete Workability by Cement Reduction 

at Constant W/C 

  

For 5% cement reduced concrete, the initial slump height was improved the reference concrete (C-

40 Control mix) by 20mm or 20%, 50mm or 38.46% and 90mm or 52.94% for 0.5%, 0.85% and 

1.2% WRR admixture added concrete. On other side, 5% cement reduced concrete was reduced 

0% cement reduced concrete initial slump height by 30mm, 50mm and 40mm for 0.5%, 0.85% and 

1.2% WRR admixture respectively. The longest admixture retardation effect was observed at 1.2% 

WRR admixture added mix by 80mm for 1 hour and 30minutes.  

The slump height for 8% cement reduced concrete was improved the reference concrete (C-40 

Control mix ) by 10mm or 11.11%, 30mm or 27.27% and 40mm or 33.33% for 0.5%, 0.85% and 

1.2% WRR admixture added concrete respectively, but it was reduced 0% cement and water 

Cement Reduction  
WRR Admixture 

Dosage Rate  

Slump Height (mm) 

Initial 

Slump 

After 30 

Minutes 

After 1 

Hour 

After 1 Hour 

and 30 Minutes 

C-40 Control Mix 80 30 25 15 

0% 
0.5% 130 90 70 55 

0.85% 180 170 120 70 

1.2% 210 178 150 85 

 

 

5%  

 

0.5% 100 70 50 25 

0.85% 130 110 90 40 

1.2% 170 120 100 80 

 

 

8%  

0.5% 90 45 25 22 

0.85% 110 85 30 20 

1.2% 120 90 40 25 

 

 

12%  

0.5% 23 17 14 11 

0.85% 25 19 15 13 

1.2% 40 36 22 20 
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reduced concrete with 0.5%, 0.85% and 1.2% WRR admixture added concrete by 40mm or 

30.77%, 70mm or 38.89% and 90mm or 42.86% respectively. The longest admixture retardation 

effect was observed at 1.2% WRR admixture added mix by 25mm for 1 hour and 30minutes. 

 At 12% cement reduced concrete, the slump test results were 23mm, 25mm and 40mm for 0.5%, 

0.85% and 1.2% WRR admixture added concrete respectively. This slump test result shown that 

12% cement reduction does not provide workable concrete with 0.5%, 0.85% and 1.2% WRR 

admixture.  

According to different scholars, the ability of water reducing and retarding admixture substitute 

cement content to improve the slump of concrete is in the range of 5% up to 12%. But, in this 

research the way of WRR admixture in cement reduction have provided a difference on concrete 

workability.  

4.5. EFFECT OF WRR ADMIXTURE ON COMPRESSIVE STRENGTH 

TEST 

The purpose of compressive strength tests is used to determine the rate of compressive strength 

development of hardened concrete; Figure below illustrates a typical concrete cube sample ready 

for testing and after testing by compression testing machine. 

           

 (A) (B) 

Figure 4. 6: Concrete Cube (A) Ready for Testing and (B) After Testing 
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4.5.1. Concrete Compressive Strength Test for C-25 Concrete Grade 

The compressive strength of concrete was determined by testing the cubes in a compression testing 

machine at a rate of 6.8KN/sec. For every cube the compressive strength was recorded in MPa and, 

then the mean values of three samples were taken as their compressive strength value for 7th, 14th 

and 28th days. Table 4.5 shows rate of compressive strength development test results for C-25 

concrete grade with best possible dosage of water reducing and retarding admixture for C-25 

concrete grade. 

Table 4. 5: Effects of WRR Admixture on Concrete Compressive Strength at Constant W/C 

ratio for C-25 

At the age of seven day, the observed rate of compressive strength development of 0% WRR 

admixture added concrete was 16.44MPa. Similarly, for 0.85% WRR admixture added concrete 

the observed rate of compressive strength development was 22.83MPa. This indicates the rate of 

compressive strength development was increased by 6.39 MPa or 27.99% from 0% WRR 

admixture added concrete. According to ASTM C192/C192 standard, the 7-day compressive 

strength results of properly conducted tests on two trial batches made in the same laboratory 

should not differ by more than 574 psi (4MPa). The analysis is based on the recommendation of 

ASTM C192/C192 standard; all added dosage of WRR admixture does bring a significant change 

on strength.  

The compressive strength difference on 14th day compressive strength between the reference 

concrete and C-25 with 0.85% WRR admixture was 1.11MPa. It improved than the reference 

Mean value of compressive strength test at constant W/C ratio 

Admixture 

Dosage 

W/C 

Ratio 

Slump 

(mm) 

7th days 14th days 28th  days 

Failure 

Load 

(KN) 

Comp. 

Strength 

(MPa) 

Failure 

Load(KN) 

Comp. 

Strength 

(MPa) 

Failure 

Load 

(KN) 

Comp. 

Strength 

(MPa) 

0% 0.49 150 439.83 16.44 813.73 30.61 884.70 37.68 

Optimum 

Dosage 

(0.85%) 

0.49 210 224.00 22.83 824.01 31.72 1005.30 45.41 
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concrete by 3.49%. At 28th day, the reference concrete rate of compressive strength development 

was 37.68MPa. Likewise, for C-25 with 0.85% WRR admixture added concrete the rate of 

compressive strength development was 45.41MPa. it improved the reference concrete compressive 

strength by 7.73MPa or 17.02%.  

However, based on the test observed results, concrete casted with the addition of 0.85% WRR 

admixture has been shown a slight difference on the rate of compressive strength development at 

all ages than the reference concrete. This indicates, the rate of compressive strength development 

of concrete can be improved by the addition of WRR admixture, but based on the observed result, 

addition of WRR admixture not always increases the compressive strength of concrete, on the 

other hand, it can reduce the strength significantly and become worse when the dosage is beyond 

the optimum amount. For this reason, there is an optimum limit for the usage of admixture. 

According to the test observation the optimum dosage of WRR admixtures which produce better 

strength comparing with the control mix. 

4.5.2. Compressive Strength Test for C-40 Concrete Grade 

Concrete compressive strength test for C-40 concrete grade was examined. Table 4.6 shows rate of 

compressive strength development of concrete for C-40 with best possible dosage of water 

reducing and retarding admixture. 

Table 4. 6: Effects of WRR Admixture on Concrete Compressive Strength at Constant W/C 

Ratio for C-40 

Mean value of compressive strength test at constant W/C ratio 

Admixture 

Dosage 

W/C 

Ratio 

Slump 

(mm) 

7th days 14th days 28th days 

Failure 

Load 

(KN) 

Comp. 

Strength 

(MPa) 

Failure 

Load 

(KN) 

Comp. 

Strength 

(MPa) 

Failure 

Load 

(KN) 

Comp. 

Strength 

(MPa) 

0% 0.3 80 861.18 35.85 1026.43 45.19 1328.57 54.54 

Optimum 

Dosage 

(1.2%) 

0.3 210 845.13 32.56 851.51 39.12 1377.09 51.64 
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The effects of WRR admixture on the rate of compressive strength development for C-40 concrete 

grade have also discussed as follows. 

At the seven days, the observed rate of compressive strength development of 0% and best 

workable dosage (1.2%) were 35.85MPa and 32.56MPa respectively. This indicates the observed 

rate of compressive strength development of 1.2% WRR admixture added concrete was decreased 

by 3.29MPa or 9.18% from the reference concrete. According to ASTM C 192 standard, the 7-day 

compressive strength results of properly conducted tests on two trial batches made in the same 

laboratory should not differ by more than 574 psi (4MPa). The analysis is based on the 

recommendation of ASTM C192 standard; the added dosage of WRR admixture does not bring a 

significant change on strength. 

At the fourteen days, the observed rate of compressive strength development of 0% and 1.2% of 

WRR admixture added concrete was 45.19MPa and 39.12MPa respectively. This indicates the 

observed rate of compressive strength development of 1.2% WRR admixture added concrete was 

decreased by 6.07MPa or 13.43% from 0% WRR admixture added concrete.  

At the twenty-eight days, the observed rate of compressive strength development of 0% and 1.2% 

WRR admixture was 54.54MPa and 51.64MPa respectively. This shows the observed rate of 

compressive strength development of 1.2% WRR admixture added concrete was decreased by 

2.9MPa or 5.32% from 0% WRR admixture added concrete.  

Based on the test observed results, concrete casted with the addition of WRR admixture has been 

shown some difference on the rate of compressive strength development at all ages than the 

reference concrete. This indicates, the rate of compressive strength development of concrete can be 

reduced by the addition of WRR admixture. According to the test observation the optimum dosage 

of WRR admixtures produce less strength than the reference concrete in 28 days but the different 

in the experimental result is not significant. 
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4.6. EFFECT OF WRR ADMIXTURE ON CONCRETE COMPRESSIVE 

STRENGTH BY REDUCING CEMENT CONTENT 

To check the effect of WRR admixture on concrete compressive strength by reducing cement 

content, laboratory tests were performed on concrete compressive strength at the age of 7th, 14th 

and 28th days. In this test cement were reduced in 5%, 8% and 12% from the reference concrete. 

WRR admixture were added in 0.5%, 0.85% and 1.2% with respect to the weight of total cement 

content, but the water to cement ratio was kept constant for all mixes.  

4.6.1. Compressive Strength Test for C-25 Concrete Grade 

Table 4.7 shown the quantity of materials used to produce a m3 C-25 concrete at a constant water 

to cement ratio. The compressive strength results observed from the experiments are shown in the 

Table 4.8 below. 

Table 4. 7: Quantity of Materials in Kg for 1m3 C-25 Concrete Grade Production at 

Constant Water to Cement Ratio by Saving Cement 

Cement 

Reduction  

C-25 concrete grade at constant water to cement ratio by saving cement 

0% Concrete 

Ingredients 

Cement Water Admixture Fine 

Aggregate 

Coarse 

Aggregate 

Quantities Kg per 

m3  

412.24 190.15 - 591.40 1061.25 

5% 0.5% WRR 

Concrete 

Ingredients 

Cement Water Admixture Fine 

Aggregate 

Coarse 

Aggregate 

Quantities Kg per 

m3  

368.65 180.64 2.06 617.53 1061.25 

0.85% WRR 

Concrete 

Ingredients 

Cement Water Admixture Fine 

Aggregate 

Coarse 

Aggregate 

Quantities Kg per 

m3  

368.65 180.64 3.50 643.27 1061.25 
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1.2% WRR 

Concrete 

Ingredients 

Cement Water Admixture Fine 

Aggregate 

Coarse 

Aggregate 

Quantities Kg per 

m3  

368.65 180.64 4.95 640.22 1061.25 

8% 0.5% WRR 

Concrete 

Ingredients 

Cement Water Admixture Fine 

Aggregate 

Coarse 

Aggregate 

Quantities Kg per 

m3  

357.02 174.94 2.06 669.71 1061.25 

 0.85% WRR 

Concrete 

Ingredients 

Cement Water Admixture Fine 

Aggregate 

Coarse 

Aggregate 

Quantities Kg per 

m3  

357.02 174.94 3.50 666.67 1061.25 

1.2% WRR 

Concrete 

Ingredients 

Cement Water Admixture Fine 

Aggregate 

Coarse 

Aggregate 

Quantities Kg per 

m3  

357.02 174.94 4.95 663.62 1061.25 

12% 0.5% WRR 

Concrete 

Ingredients 

Cement Water Admixture Fine 

Aggregate 

Coarse 

Aggregate 

Quantities Kg per 

m3  

341.49 167.33 2.06 700.13 1061.25 

0.85% WRR 

Concrete 

Ingredients 

Cement Water Admixture Fine 

Aggregate 

Coarse 

Aggregate 

Quantities Kg per 

m3  

341.49 167.33 3.50 697.09 1061.25 

1.2% WRR 

Concrete 

Ingredients 

Cement Water Admixture Fine 

Aggregate 

Coarse 

Aggregate 

Quantities Kg per 

m3  

341.49 167.33 4.95 694.04 1061.25 
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Table 4. 8: Effect of WRR Admixture on Compressive Strength by Cement Reduction for C-25 

Mean Value of Compressive Strength Test for Cement Saving 

Cement 

Reduction  

 

Slump 

(mm) 

Admixture 

Dosage 

7th days 14th days 28th days 

Failure 

Load 

(KN) 

Comp. 

Strength 

(MPa) 

Failure 

Load 

(KN) 

Comp. 

Strength 

(MPa) 

Failure 

Load 

(KN) 

Comp. 

Strength 

(MPa) 

0% 150 0% 439.83 16.44 813.73 30.61 884.70 37.68 

5% 64.2 0.5% 588.80 23.39 716.59 28.18 864.91 36.96 

80.3 0.85% 628.90 28.44 746.10 33.18 889.79 39.51 

180 1.2% 701.39 26.13 918.81 34.70 893.81 39.66 

8% 93 0.5% 627.58 22.71 880.32 33.15 879.97 38.14 

100 0.85% 686.71 28.34 829.12 35.60 890.02 39.80 

160 1.2% 684.87 25.49 904.46 33.95 889.43 38.62 

12% 28 0.5% 584.64 20.84 817.15 31.61 842.54 34.65 

30 0.85% 655.69 22.31 846.28 32.48 851.30 36.06 

35 1.2% 590.61 22.09 842.97 32.31 844.64 35.72 

It is true that better strength can be obtained by addition of more cement and reduction of mixing 

water, i.e. lower water to cement ratio. It’s obvious that reduction of cement amount can reduce the 

concrete strength, but in same extent the addition of admixture can improve the strength of 

concrete. The compressive strength development results at the age of 7th, 14th and 28th days 

obtained from the experiment by reduction of cement content and addition of WRR admixture was 

discussed as follows. 

During the seven day, the compressive strength of concrete without WRR admixture was 

16.44Mpa. For 5% cement reduction, the maximum strength gain is at 0.85% WRR admixture 

which improve the reference concrete by 12MPa or 42.19%. For 8% cement reduced concrete, the 

reference concrete compressive strength improved by 6.27MPa or 27.61%, 11.90MPa or 41.99% 

and 9.05MPa or 35.50% for 0.5%, 0.85% and 1.2% WRR admixture added concrete respectively.  

For 12% cement reduction, concrete compressive strength with 0.5%, 0.85% and 1.2% WRR 

admixture added concrete were 20.84MPa, 22.31MPa, and 22.09MPa respectively. The results 
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showed that reference concrete compressive strength gain was improved by 4.4MPa or 21.11%, 

5.87MPa or 26.31% and 5.65MPa or 25.58% for 0.5%, 0.85% and 1.2% WRR admixture added 

concrete. The maximum compressive strength gains at 7th day was 28.44MPa, 28.34MPa and 

22.31MPa for 5%,8% and 12% Cement reduction at 0.85% WRR admixture added concrete, 

At the fourteen day, the compressive strength of concrete without WRR admixture was 30.61Mpa. 

For 5% cement reduced concrete improved the reference concrete by 2.57MPa or 7.74% and 

4.09MPa or 11.79% for 0.85% and 1.2% WRR admixture added concrete. The compressive 

strength of 8% cement reduction improved the reference concrete by 2.54MPa or 7.66%, 4.99MPa 

or 14.02% and 3.34MPa or 9.84% at 0.5%, 0.85% and 1.2% WRR added concrete respectively. 

For 12% cement reduction the compressive strength gain improved the reference concrete by 

1MPa or 3.16%, 1.87MPa or 5.76% and 1.70MPa or 5.26% for 0.5%, 0.85% and 1.2% WRR 

admixture added concrete respectively. The maximum compressive strength gains at 14th day was 

8% cement reduced with 0.85%WRR admixture added concrete by 35.60MPa. 

At the twenty eighth day, the compressive strength of concrete without WRR admixture was 

37.68Mpa. For 5% cement reduced concrete with 0.5% WRR admixture reduced the reference 

concrete compressive strength by 0.72MPa or 1.91%. Although 5% cement reduced with 0.85% 

and 1.2% WRR admixture added concrete improved 0% cement reduced concrete by 1.83MPa or 

4.63% and 1.98MPa or 4.99% respectively. The rate of compressive strength development for 8% 

cement reduced concrete was improved reference concrete by 0.46MPa or 1.21%, 2.12MPa or 

5.33% and 0.94MPa or 2.43% for 0.5%, 0.85% and 1.2% WRR admixture added concrete 

respectively. The maximum rate of compressive strength development was observed at 8% cement 

reduced concrete with 0.85% WRR admixture by 39.80MPa. However, 12% cement reduced 

concrete rate of compressive strength development was reduced the reference concrete 

compressive strength by 3.03MPa or 8.04%, 1.62MPa or 4.49% and 1.96MPa or 5.20% from 

0.5%, 0.85% and 1.2% WRR admixture added concrete respectively.  

Therefore, optimum dosage of WRR was found based on the highest ultimate strength that they 

provide at age 28th days. i.e., 0.85% WRR admixture added concrete was provided the highest 

optimum compressive strength. Dosage with lower or higher than this optimum value will reduce 

the strength. Since, the compressive strength of concrete is improved by the addition of WRR 



51 | P a g e  

 

admixture by the reduction of cement. In this case it is possible to save at least 8% of cement by 

the addition of type D admixture. For this reason, it possible to call that WRR admixture is a 

cement replacement material.  

4.6.2. Compressive Strength Test for C-40 Concrete Grade 

Addition of WRR admixture had a very distinct effect on not only the workability of the concrete 

but also on the compressive strength of the concrete. The compressive strength was evaluated by 

reducing the amount of cement from the reference concrete by 5%, 8% and 12%. The Table 4.9 

had shown the quantities of material used to produce a m3 C-40 concrete at a constant water to 

cement ratio. The compressive strength results for 7th, 14th and 28th days observed from the 

experiments are shown in the Table 4.10.  

Table 4. 9: Quantity of Materials in Kg for 1m3 C-40 Concrete Grade Production by 

Reducing Cement Content 

Cement 

Reduction C-40 Control Mix 

0% Concrete 

Ingredients 

Cement Water Admixture Fine 

Aggregate 

Coarse 

Aggregate 

Quantities Kg 

per m3  

673.33 191.35 - 391.09 1061.25 

5% C-40 with 0.5% WRR 

Concrete 

Ingredients 

Cement Water Admixture Fine 

Aggregate 

Coarse 

Aggregate 

Quantities Kg 

per m3  

605.93 181.78 3.37 465.66 1061.25 

C-40 with 0.85% WRR 

Concrete 

Ingredients 

Cement Water Admixture Fine 

Aggregate 

Coarse 

Aggregate 

Quantities Kg 

per m3  

605.93 181.78 5.72 460.98 1061.25 
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C-40 with 1.2% WRR 

Concrete 

Ingredients 

Cement Water Admixture Fine 

Aggregate 

Coarse 

Aggregate 

Quantities Kg 

per m3  

605.93 181.78 8.08 456.30 1061.25 

8% C-40 with 0.5% WRR 

Concrete 

Ingredients 

Cement Water Admixture Fine 

Aggregate 

Coarse 

Aggregate 

Quantities Kg 

per m3  

586.80 176.04 3.37 493.74 1061.25 

C-40 with 0.85% WRR 

Concrete 

Ingredients 

Cement Water Admixture Fine 

Aggregate 

Coarse 

Aggregate 

Quantities Kg 

per m3  

586.80 176.04 5.72 489.06 1061.25 

C-40 with 1.2% WRR 

Concrete 

Ingredients 

Cement Water Admixture Fine 

Aggregate 

Coarse 

Aggregate 

Quantities Kg 

per m3  

586.80 176.04 8.08 484.38 1061.25 

12% C-40 with 0.5% WRR 

Concrete 

Ingredients 

Cement Water Admixture Fine 

Aggregate 

Coarse 

Aggregate 

Quantities Kg 

per m3  

561.30 168.39 3.37 531.18 1061.25 

C-40 with 0.85% WRR 

Concrete 

Ingredients 

Cement Water Admixture Fine 

Aggregate 

Coarse 

Aggregate 

Quantities Kg 

per m3  

561.30 168.39 5.72 526.50 1061.25 
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C-40 with 1.2% WRR 

Concrete 

Ingredients 

Cement Water Admixture Fine 

Aggregate 

Coarse 

Aggregate 

Quantities Kg 

per m3  

561.30 168.39 8.08 521.82 1061.25 

 

Table 4. 10: Effect of WRR Admixture on Compressive Strength by Cement Reduction for C-40 

The compressive strength test was performed at 7th, 14th and 28th days for 5%, 8% and 12% cement 

reduced concrete with 0%,0.5%,0.85% and 1.2% WRR admixture added concrete. The results 

obtained from the experiment are recorded in table above. 

At the age of seven days, the reference concrete compressive strength was 35.85MPa. For 5% 

cement reduced concrete and 0.5% WRR admixture added was scored the highest strength by 

39.26MPa. This result might be caused by the admixture retardation effect. As the dosage rate 

increased the retardation effect also increased as the same time. The 8% cement reduced concrete 

Mean Value of Compressive Strength Test for Cement Saving 

Cement 

Reduction  

 

Slump 

(mm) 

Admixt

ure 

Dosage 

7th days 14th days 28th days 

Failure 

Load 

(KN) 

Comp. 

Strength 

(MPa) 

Failure 

Load 

(KN) 

Comp. 

Strength 

(MPa) 

Failure 

Load 

(KN) 

Comp. 

Strength 

(MPa) 

0% 80 0% 861.18 35.85 1026.43 45.19 1561.91 54.54 

5% 100 0.5% 877.56 39.26 1015.59 44.90 1343.71 50.72 

130 0.85% 861.49 38.29 1037.28 45.31 1507.95 53.10 

170 1.2% 871.53 37.79 1058.51 46.74 1536.37 53.76 

8% 90 0.5% 908.76 40.38 1157.31 47.83 1659.24 56.08 

110 0.85% 983.27 42.46 1214.60 48.10 1757.70 57.01 

120 1.2% 990.36 42.89 1290.11 49.07 1831.25 57.86 

12% 23 0.5% 855.54 35.31 1054.87 45.14 1307.48 49.86 

25 0.85% 836.93 33.73 1012.04 44.11 1298.89 49.24 

40 1.2% 835.54 33.51 1001.53 43.30 1245.82 48.65 
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improved the compressive strength of 5% cement reduced concrete by 1.12MPa or 2.77%, 

4.17MPa or 9.82% and 5.10MPa or 11.89% for 0.5%,0.85% and 1.2% WRR admixture. 12% 

cement reduced concrete reduced the reference concrete compressive strength by 0.54MPa or 

1.51%, 2.12MPa or 5.91% and 2.34MPa or 6.53% for 0.5%, 0.85% and 1.2% WRR admixture 

added concrete. The highest compressive strength gains at the age of seven days was by 8% 

cement reduced with 1.2% WRR admixture added concrete scored the highest strength by 

42.89MPa.  

At the fourteen days, the rate of compressive strength development of 5% cement reduced concrete 

was slightly reduced the reference concrete with 0.5% WRR admixture by 0.29MPa or 0.64% but 

0.85% and 1.2% WRR added concrete was slightly improved the reference concrete compressive 

strength development by 0.12MPa or 0.26% and 1.55MPa or 3.32% respectively. The 8% cement 

reduced concrete improved reference concrete by 2.64MPa or 5.52%, 2.91MPa or 6.05% and 

3.88MPa or 7.91% for 0.5%, 0.85% and 1.2% WRR admixture added concrete. The compressive 

strength development curve was decline at 12% cement reduction. The reference concrete was 

slightly reduced by 0.05MPa or 0.11%, 1.08MPa or 2.39% and 1.89MPa or 4.18% for 0.5%, 

0.85% and 1.2% WRR added concrete. The highest compressive strength development record at 

the age of fourteen days was at 8% cement reduction and 1.2% WRR admixture added concrete by 

49.07MPa.  

At the twenty days, the rate of compressive strength for the reference concrete was 54.54MPa. And 

the 5% cement reduced concrete compressive strength development was reduced reference 

concrete by 3.82MPa or 7.01%, 1.44MPa or 2.64% and 0.79MPa or 1.45% for 0.5%, 0.85% and 

1.2% WRR admixture added concrete respectively. The 8% cement reduced concrete improved the 

compressive strength of the reference concrete by 1.54MPa or 2.75%, 2.47MPa or 4.33% and 

3.32MPa or 5.74% for 0.5%, 0.85% and 1.2% WRR admixture added concrete respectively. The 

12% cement reduced concrete compressive strength was reduced the reference concrete by 

4.68MPa or 8.58%, 5.30MPa or 9.72% and 5.89MPa or 10.80% for 0.5%, 0.85% and 1.2% WRR 

admixture added respectively. As simply indicated in the table above at the age of 28th day the 

minimum strength development was recorded on 12% cement reduced concrete and the maximum 

compressive strength development was observed on 8% cement reduced with 1.2% WRR 

admixture added concrete by 57.86MPa.  
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4.7. EFFECT OF WRR ADMIXTURE ON COMPRESSIVE STRENGTH 

AND PERMEABLITY TEST BY REDUCING MIXING WATER 

4.7.1. Experimental Results and Discussion on Concrete Compressive Strength 

Test  

The proportion of materials used for producing a m3 concrete and results of rate of compressive 

strength development of concrete with different dosages of WRR at a constant workability by 

reduction of mixing water for 7th, 14th and 28th days are shown below in Table 4.11 and Figure 4.7 

respectively. 

Table 4. 11: Quantity of Materials in Kg for 1m3 C-25 Concrete Grade Production by Reducing 

Mixing Water 

C-25 with 0% WRR 

Concrete 

Ingredient 

Cement (Kg) Water (lt) Admixture (lt) Fine Aggregate 

(Kg) 

Coarse Aggregate 

(Kg) 

Per m3  412.24 190.15 - 591.40 1061.25 

C-25 With 0.5% WRR 

Concrete 

Ingredient 

Cement (Kg) Water (lt) Admixture (lt) Fine Aggregate 

(Kg) 

Coarse Aggregate 

(Kg) 

Per m3  412.24 178.76 2.06 591.40 1061.25 

C-25 With 0.85% WRR 

Concrete 

Ingredient 

Cement (Kg) Water (lt) Admixture (lt) Fine Aggregate 

(Kg) 

Coarse Aggregate 

(Kg) 

Per m3  412.24 175.44 3.50 591.40 1061.25 

C-25 With 1.2% WRR 

Concrete 

Ingredient 

Cement (Kg) Water (lt) Admixture (lt) Fine Aggregate 

(Kg) 

Coarse Aggregate 

(Kg) 

Per m3  412.24 168.63 4.95 591.40 1061.25 
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The values of compressive strength development test for C-25 with different dosages of WRR 

admixture by reducing amount of mixing water at a constant slump are shown as a graph in Figure 

below. 

 

Figure 4. 7: Effect of WRR Admixture on Compressive Strength by Reducing Amount of 

Mixing Water 

In this test, it’s possible to save 5.99%, 7.73% and 11.32% mixing water by addition of 0.5%, 

0.85% and 1.2% WRR admixture, then the rate of compressive strength development at the age of 

7th, 14th and 28th days were as follows. But, according to ASTM C494 standard the maximum 

amount of water reduction for water-reducing admixture at a given consistency is 12%. So, based 

on the observed test results, for the considered percentages it is possible to call this admixture as a 

water reducer admixture. 

At seven day the rate of highest compressive strength development was at 1.2% WRR admixture 

added concrete by 23.01MPa, it was improved by 6.57MPa or 39.96 %, 2.46MPa or 11.97% and 

0.64MPa or 2.86% from 0%, 0.5% and 0.85% WRR admixture added concrete. At the age of 

fourteen days, the rate of compressive strength development of 0%, 0.5%, 0.85% and 1.2% of 

WRR admixture added concrete was 30.61MPa, 31.03MPa, 32.23MPa and 32.84MPa respectively. 
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This indicates the highest rate of compressive strength development was observed at 1.2% WRR 

admixture added concrete. It was improved by 2.23Mpa or 7.28%, 1.81MPa or 5.83% and 

0.61MPa or 1.89% from 0%, 0.5% and 0.85% WRR admixture added concrete. At the age of 

twenty-eight days, the rate of compressive strength development of 0.5% WRR admixture added 

concrete was improved by 0.63MPa or 1.64% from 0% WRR admixture added concrete. For 

0.85% WRR admixture added concrete the rate of compressive strength development was 

improved by 1.43MPa or 3.66%, 0.80MPa or 2.04% from 0% and 0.5% WRR admixture added 

concrete, but it reduced by 0.76Mpa or 1.91% from 1.2% WRR admixture added concrete. For 

1.2% WRR admixture added concrete the rate of compressive strength development was improved 

by 2.19Mpa or 5.49%, 1.56MPa or 3.91% and 0.76MPa or 1.91% from 0%, 0.5% and 0.85% WRR 

admixture added concrete. 

According to Ramachandran (1995), concretes of equal cement content and slump, the 28- day 

strength of a water-reduced concrete containing a water reducer admixture can be 20% greater than 

the reference concrete. Based on experiment results, concrete produced by 0.5%, 0.85% and 1.2% 

WRR added concrete can achieve less than 20%, whereas, 0.5%, 0.85% and 1.2% WRR admixture 

added concrete was slightly above the reference compressive strength. This shows better increase 

in ultimate strength has been achieved with addition of 1.2% WRR admixture by reduction of 

mixing water at a constant workability than concrete produced without WRR admixture. Finally, 

this indicates, the reduction of water and addition of WRR admixture has an impact on 

improvement of concrete strength. 

4.7.2. Experimental Results and Discussion on Permeability Test of Concrete 

In this research non-steady state water permeability test was selected to study the effect of 0%, 

0.5%, 0.85% and 1.2% WRR admixture on concrete permeability by reducing 0%, 5.99%, 7.73% 

and 11.32% mixing water respectively. The test was conducted on 15cm concrete cubes which 

have been cured for 28th days and surface dried on air. Before directly started the laboratory test, 

the top surface of the cubes was cleaned and smoothen the surface of concrete. Then, the cleaned 

and smoothen concrete was placed on the permeability testing device and the bolts were tightened 

at the top of concrete sample to prevent any leakage of water when pressure is applied. Figure 4.8 

showed the typical concrete samples ready for permeability test. 
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Figure 4. 8: Concrete Samples Ready for Permeability Test 

After adjusting the samples, water was filled into the reservoir of the test cells and the air 

compressor machine was on and then pressure of the water was applied to the specimens for a 

successive three days to 3 bar (0.3MPa) for the first 24 hours, 5 bar (0.5MPa) for the next 24 hours 

and 7 bar (0.7MPa) for the last 24 hours. 

At the end of three days, all the valves supplying water and compressed air to the samples were 

closed and the cubes were removed from the permeability testing device and split at the center. 

After splitting the samples, the portion of the sample into which water get penetrated looks darker 

than the rest, then immediately after splitting, the darker zone was marked and measurements were 

taken at 10mm intervals to determine the average depth of penetration with more accurate way. 

Table below shows the minimum, mean and maximum non-steady flow depth penetrations 

obtained from 0%, 0.5%, 0.85% and 1.2% WRR admixture added concrete samples at the age of 

28th day. 
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The values of depth penetration test for C-25 with different dosage of WRR admixture by reducing 

amount of mixing water at a constant workability has shown as a graph in Figure 4.9. 

 

Figure 4. 9: Water Penetration Test Graph 

According to the laboratory results, the effect of WRR admixture on water penetration through 

concrete with dosage of 0.5%, 0.85% and 1.2% by reduction of mixing water have been shown 

improvement from the reference concrete. The minimum reference concrete water penetration 

depth was increased by 5.66mm or 30.88%, 8.79mm or 47.95%, 9.79mm or 53.41% from 0.5%, 

0.85% and 1.2% WRR admixture added concrete. The mean water penetration depths through 

concrete which is produced without WRR was increased by 5.77mm or 25.11%, 10.55mm or 

45.91% and 12.04mm or 52.39% from 0.5%,0.85% and 1.2% WRR added Concrete. The 

maximum water penetration depths produced without adding WRR admixture was increased by 

5.88mm or 21.27%, 12.31mm or 44.54% and 14.29mm or 51.70% from 0.5%, 0.85% and 1.2% 

WRR admixture added concrete. 
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More the depth of the water penetration, the less is the durability of concrete. This can be used for 

comparing the potential durability of various type of concrete. The depth of the penetration of 

water should not be more than 25mm otherwise the specimens are considered to be failed in 

permeability test. As a result, concrete with 1.2% WRR admixture were durable concrete with the 

least water penetration value Therefore, based on the experiment results all the concrete produced 

samples are less than 25mm believe as go by in permeability test. 

.  
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CHAPTER FIVE 

ENVIRONMENTAL AND QUALITATIVE ECONOMIC ANALYSIS 

5.1. GENERAL 

Currently, the Ethiopian construction industry is developing dramatically from time to time and the 

technology on materials usage has also reached on a high level. One of the modern construction 

materials comes in every Construction Engineers mind is concrete, which is mainly produced from 

cement, aggregate and water. In this chapter the effects of WRR admixture on environmental and 

economical points of view was shown. So, based on the results of sub topic 4.6 (at constant water 

to cement ratio), to obtain equivalent strength as the reference concrete, the following 

environmental and economic comparative analysis are made between cement and WRR admixture. 

5.2. ENVIRONMENTAL ANALYSIS 

The concrete industry is the largest user of natural resources in the world and thus has a 

considerable environmental impact. Each ton of Portland cement requires about 1.5 tons of raw 

materials for its production. According to Edward (2008), the construction industry is not only 

energy intensive but is also a major contributor of greenhouse gases, in the form of CO2. Water 

from the raw material is driven off and limestone is decomposed into lime and carbon dioxide 

(CO2). Indeed, the cement industry is responsible for about 7% of global CO2 emissions; thus, 

there is considerable interest now in developing cements that are more environmentally friendly 

(Edward, 2008). 

However, water reducer admixture can be obtained as a by-product in paper factories or 

synthesized from plants, which is easily renewable resource. So, reusing those by-products as a 

construction material can save the environment from pollution. Since, addition of WRR admixture 

with some percentage can save cement with some percentages, this helps to save natural resource 

depletion and damage of landscapes to extract too much raw materials for cement production, this 

can reduce the effect of global warming caused by huge amount of CO2 emission. Table 5.1 shows 

the amount of carbon dioxide emission by using optimum C-25 cement reduced concrete with 

WRR admixture at constant water cement ratio. The material quantity Kg per m3 was based on the 

result obtained from chapter four sub topics 4.6. 
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Table 5. 1: Amount of Cement Saving and Carbon Dioxide Emission by WRR Admixture for C-25 

Cement 

reduced 

(%) 

W/C 

Ratio 

Admixt

ure 

Dosage 

WRR 

admixtu

re used 

(Kg/m3) 

Co2 

emission 

from 

WRR 

(Kg/m3) 

Water 

used 

(Kg/m3) 

Cement 

used 

(Kg/m3) 

Co2 

emission 

from 

Cement 

(Kg/m3) 

Co2 

emission 

from 

Cement 

and WRR 

(Kg/m3) 

Co2 

emission 

reduced 

(Kg/m3) 

0% 0.49 0% - - 190.15 412.24 412.24 412.24 - 

8% 0.49 0.85% 3.5 2.42 174.94 357.02 357.02 359.44 52.81 

 

 The amount of cement saved per cubic meter by 8% cement reduction at constant water cement 

ratio is 55.22kg from the reference concrete. The amount of CO2 emission reduced per cubic meter 

by 8% cement reduction at constant water cement ratio is 55.22kg or 13.39% from the reference 

concrete. In this case the CO2 emitted from the production of sulfonated naphthalene formaldehyde 

for the use of 0.85% WRR admixture per cement amount for a cubic meter concrete is 2.42kg/m3. 

Therefore, the reduced CO2 emission was observed from the reference concrete by 8% cement 

reduced with 0.85% WRR admixture was 52.81Kg/m3. Table 5.2 shows the amount of cement 

saved and carbon dioxide emission by comparing reference concrete with the optimum cement 

reduced with WRR admixture added concrete at constant water cement ratio for C-40 concrete 

grade. 

Table 5. 2: Amount of Cement Saving and Carbon Dioxide Emission by WRR Admixture for C-40 

Cement 

reduced 

(%) 

W/C 

Ratio 

Admixt

ure 

Dosage 

WRR 

admixtu

re used 

(Kg/m3) 

Co2 

emissio

n from 

WRR 

(Kg/m3) 

Water 

used 

(Kg/m3) 

Cement 

used 

(Kg/m3) 

Co2 

emissio

n from 

cement 

(Kg/m3) 

Co2 

emission 

from 

cement 

and 

WRR 

(Kg/m3) 

Co2 

emission 

reduced 

(Kg/m3) 

0% 0.3 0% - - 191.35 673.33 673.33 673.33 - 

8% 0.3 1.20% 8.08 5.58 176.04 586.80 586.80 592.38 80.95 

The amount of cement saved per cubic meter by 8% cement reduction is 86.53Kg or 12.85% from 

the reference concrete. The amount of CO2 emission from cement can be reduced by 86.53Kg from 

the reference concrete by 8% cement reduction. 



63 | P a g e  

 

The CO2 emitted at 1.2% WRR admixture for a cubic meter concrete is 5.58Kg. The reduced CO2 

emission per cubic meter of 8% cement reduced with 1.2% WRR admixture added concrete by 

80.95Kg from reference concrete.  

5.3. QUALITATAIVE ECONMICAL ANALYSIS 

The detail cost breaks down analysis for economical effect of water reducing and retarding 

admixture wasn’t investigated in this research due to time and budget limitation. But it’s possible 

to make comparison analysis based on the cement saved and WRR admixture used for the 

experiment in C-25 and C-40 concrete grade. Table 5.3 and 5.4 shown total cost incurred per one 

cubic meter concrete by the addition of optimum WRR admixture dosage and cement reduction at 

constant water to cement ratio.  
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Table 5. 3: Cost Comparisons between Cement Saved and WRR Admixtures Used for C-25 

Cement 

reduced 

(%) 

Admi

xture 

Used 

WRR 

Admixtu

re used 

(Kg/m3) 

Cost of 

WRR 

Admixture 

Water 

used 

(Kg/m3) 

Cost 

of 

Water 

Cement 

used 

(Kg/m3) 

Cost of 

Cement 

Fine 

Aggrega

te used 

(Kg/m3) 

Cost of 

Fine 

Aggregate 

Coarse 

Aggregat

e used 

(Kg/m3) 

Cost of 

Coarse 

Aggreg

ate 

Total 

Cost 

0% 0% -   190.15 3.99 412.24 1216.11 591.40 129.27 1061.25 159.61 1508.99 

8% 0.85% 3.5 88.55 174.94 3.67 357.02 1053.21 666.67 145.73 1061.25 159.61 1450.77 

 

Based on the market price of cement and WRR admixture, the cost incur by reference concrete is 1508.99 ETB. The use of 0.85% 

WRR admixture and 8% cement reduction for a m3 concrete reduced the reference concrete cost by 58.22 ETB. This value is mainly 

depending on the market price of cement and WRR admixture during purchasing the materials for this research study. When the price 

of cement is increased, it can be beneficial to use WRR admixture, but it will incur high cost, when the cost of cement is minimum. 

Table 5. 4: Cost Comparisons between Cement Saved and WRR Admixtures Used for C-40 

Cement 

reduced 

(%) 

Admixtur

e Dosage 

WRR 

admixtu

re used 

(Kg/m3) 

Cost 

of 

WRR 

Admi

xture 

Water 

used 

(Kg/m3) 

Cost 

of 

Water 

Cement 

used 

(Kg/m3) 

Cost of 

Cement 

Fine 

Aggregate 

used 

(Kg/m3) 

Cost of 

Fine 

Aggregate 

Coarse 

Aggregat

e used 

(Kg/m3) 

Cost of 

Coarse 

Aggreg

ate 

Total 

Cost 

0% 0% -   191.35 4.02 673.33 1986.32 391.09 85.49 1061.25 159.61 2235.44 

8% 1.20% 8.08 204.42 176.04 3.70 586.8 1731.06 484.38 105.88 1061.25 159.61 2204.67 

According to the market price of cement and WRR admixture, the cost incur by the reference concrete is 2235.44 ETB. The use of 

1.2% WRR admixture and 8% cement reduced concrete for a m3 C-40 concrete reduced the reference concrete total cost by 30.77 

ETB. This value is mainly depending on the market price of cement and WRR admixture during purchasing the materials. 
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CHAPTER SIX 

CONCLUSIONS AND RECOMMENDATIONS 

Based on the conducted laboratory results by using Portland cement and Water Reducing and 

Retarding (WRR) admixture, conclusions are made and recommendations are drawn on the effect 

of water reducing and retarding admixture on the properties of ready mixed concrete 

6.1. CONCLUSIONS 

This research was investigated the effect of water reducing and retarding admixture on C-25 and 

C-40 concrete properties Viz. workability, compressive strength and permeability. The results 

obtained from the study, the following are concluded, 

• 0.85% WRR admixture dosage rate for C-25 concrete was found to have better workability 

and retardation effect than the reference concrete.  

• 1.2% WRR admixture dosage rate was found to be workable dosage rate for C-40 concrete 

grade.  

• Concrete workability for C-25 and C-40 by reducing cement content with the addition of 

WRR admixture wasn’t shown any improvement. 

• The optimum WRR admixture dose 0.85% added C-25 concrete was shown improvement 

on the rate of compressive strength development than the reference concrete. But based on 

the experimental result; addition of optimum workable WRR admixture not always 

increases the compressive strength of concrete. C-40 concrete with 1.2% WRR (Workable 

dosage) was reduced the reference concrete compressive strength.  

• 8% cement reduced with 0.85% WRR admixture dose for C-25 concrete was found to have 

maximum compressive strength. Total amount of CO2 emission reduced per cubic meter by 

8% cement reduced with 0.85% WRR admixture was 52.81kg from the reference concrete. 

The use of 0.85% WRR admixture and 8% cement reduced concrete was found to reduce 

the reference concrete total cost by 58.22 ETB 

• For C-40 concrete grade, the highest rate of compressive strength development was shown 

at 8% cement reduced with 1.2% WRR admixture added concrete. 8% cement reduced and 



66 | P a g e  

 

1.2% WRR admixture added concrete total CO2 emission and total cost incur reduced by 

80.95 Kg and 30.77 ETB from the reference concrete. 

• It’s possible to save a maximum of 11.32% mixing water by the addition of 1.2% WRR 

admixture in C-25 concrete grade at constant slump.  Addition of 1.2% WRR admixture 

was found improvement on concrete compressive strength and permeability test of the 

reference concrete at constant slump.  

. 
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6.2. RECOMMENDATIONS 

Based on this study, the following recommendations are forwarded 

• Ready mixed concrete manufacturers should use 0.85% WRR admixture for C-25 concrete 

grade for better workability and compressive strength. Likewise, 1.2% WRR admixture 

should be used to attain better workability for C-40 concrete grade. 

• For C-25 concrete grade, water reducing and retarding admixture should be used to reduce 

the cement content up to 8% and 0.85% WRR admixture added concrete obtained 

maximum compressive strength. For C-40 concrete grade, 8% cement content should be 

reduced and 1.2% WRR admixture added concrete to obtain maximum compressive 

strength. 

• Water reducing and retarding admixture should be used to improve the durability and 

environmental impact of concrete. 

• Water reducing and retarding admixture should be used to reduce mixing water content up 

to 12% that helps to improve the compressive strength at constant slump. 

• Further researches should have to be done on the effects of different types of admixture on 

different cement type. 

 

 

 

 

 

 

 

 



68 | P a g e  

 

REFERNCE 

Abdel, Rahim Mohammed. 2010. The Effect of Admixtures on Concrete Properties : A thesis 

submitted to the University of Khartoum in partial fulfillment of the requirements for the degree of 

M.Sc in Structural Engineering, 2010. 

Abebe Dinku. 2002. Construction Materials Laboratory Manual. Addis Ababa : Faculty of 

Technology, Addis Ababa University, Department of Civil Engineering, 2002. 

ACI 212.3R-04. 1991. Chemical Admixtures for Concrete. s.l. : ACI Committee 212, 1991. 

ACI 301-99. 1999. Specifications for structural concrete. s.l. : Amercian Concrete Institute 

Committee , 1999. 

Akeem Ayinde Raheem, Solomon Olakunle Oyebisi, Stephen Oluyemi Akintayo and Mutiu 

Iyiola Oyeniran. 2010. Effects of admixture on the properties of corn cob ash cement concrete. 

June 2010, Ogbomoso, Nigeria : Civi Engineering Department, Ladoke Akintola Universiity of 

Technology, 2010. ISSN1583-1078. 

Al Kourd A. and Hammad Adel. 2010. Cement and Concrete Technology : Islamic University of 

Gaza Civil Engineering Department, 2010. 

ASTM C 143/C143M. Standard Test Method for Slump of Hydraulic Cement Concrete. s.l. : 

American Society for Testing and Materials. 

ASTM C 188. 1997. Test Method for Density of Hydraulic Cement. s.l. : American Society for 

Testing and Materials, 1997. 

ASTM C 494/C 494M, :. 2001. Standard Specification for Chemical Admixtures for Concrete. 

West Conshohocken, PA 19428-2959, United States : The American Society for Testing and 

Materials (ASTM),, 2001. 

ASTM C150 99a. 1997. Standard Specfication for Portland Cement. s.l. : American Society for 

Testing and Materials, 1997. 

ASTMC192/C192M. 1998. Standard Practice for Making and Curing Concrete Test Specimens 

in the Laboratory. s.l. : The American Society for Testing and Materials, 1998. 

Cheunga Josephine, Roberts Lawrence and Liu Jiaping. 2004. Admixtures and sustainability. 

www.elsevier.com/locate/cemconres, s.l. : Cement and Concrete Research, 2004. 



69 | P a g e  

 

Cheung, J., Jeknavorian A., Roberts L. and Silva D. 2011. Impact of admixtures on the 

hydration kinetics of Portland cement. 1289–1309, USA : Elsevier Ltd., 2011, Vol. Cement and 

Concreteii Research 41 . 

Collepardi M. 1998. Admixtures Used to Enhance Placing Characteristics of Concrete.. Italy : 

Elsevier Science Ltd., 1998. 

Dewar J.D. and Anderson R. 1992. Manual of Ready Mixed Concrete. s.l. : Blackie Academic & 

Professional, 1992. 

Domone Peter and Illston John. 2010. Construction Materials Their Nature and Behaviour. 

London and New York : Spon Press, 2010. 

Duggal S.K. 2008. Building Materials. New Delhi : New Age International Ltd., 2008. 

Edward, G. Nawy. 2008. Concrete Construction Engineering Handbook. New york : Taylor & 

Francis Group, 2008 

ES 6141: Ethiopian Standard. 2017. Standard Specfication for Concrete Aggregates. s.l. : 

Ethiopian Standard Agency, 2017. 

Gelardi G., Mantellato S., Marchon D. and Palacios M., 2017. Chemistry of chemical 

admixtures. Zurich, Switzerland : Science and Technology of Concrete Admixtures, 2017. 

Mihai P. and Rosca Bogdan. 2008. Characteristics of Concrete with Admixtures.2008. 

Newman John and Choo Ban Seng. 2003. Advanced Concrete Technology- Constituent 

Materials. Great Britain : Elsevier Ltd., 2003.  

Neville A.M. and Brooks J.J. 2010. Concrete Technology. London, U.K. : Pearson Education 

Limited, 2010. 

Perenchio, William F. and Flaming Joseph P. 1998. Guide for the Use of Water Reducing 

Admixtures in Concrete. ACI Committee 212. Reapproved 1998. 

Ramachandran, V. S. 1995. Concrete Admixture Handbook: Properties Science, and Technology. 

Ontario : Institute for resesrch in construction , 1995. 

Rixom Roger and Mailvaganam Noel. 1999. Chemical Admixtures for Concrete. s.l. : Taylor & 

Francis Group, 1999. 

Soroka I. and Ravina D. 1998. Hot Weather Concreting with Admixtures.Israel : Elsevier Science 

Ltd., 1998. 



70 | P a g e  

 

Soroka I. 1993. Concrete in Hot Environments. London, U.K.,  : E & FN Spon, 1993. 

Steven, H. Kosmatka, Beatrix Kerkhoff and William C. Panaresea. 2003. Design and Control 

of Concrete mixtures. Fourteenth. Illinois, USA : Portland Cement Association, 2003. 

Thomas, M Greene. 2013. ACI Education Bulletin E4-12. ACI Committee E-701. Chemical 

Admixture for Concrete. Farmington Hills,Ml, USA : American Concrete Institute (ACI), 2013. 

Wieslaw, Kurdowski. 2014. Cement and Concrete Chemistry. Krakow, Poland : Springer 

Science+Business Media, 2014. 

Zain M. Fauzi M., Safiuddin Md., Song T. K., Mahmud H.B. and Matsufuji Y. 2001. 

Influence of Admixtures and Quarry Dust on the Physical Properties of Freshly Mixed High 

Performnce Concrete.. s.l. : Elsevier Science Ltd, 2001, Vol. II. 

Ziad and Ramon. 1999. Effects of water reducers on the properties of fresh and hardened 

concrete. University of Texas, Austin, Texas, Austin : Center for Transportation Research Bureau 

of Engineering Research, 1999. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



71 | P a g e  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX 
 

 

 

 

 

 

 

 



72 | P a g e  

 

APPENDIX I: MATERIALS TEST RESULTS 

 

1. Normal Consistency of Cement 

 

 

2. Properties of Fine Aggregate 

2.1.  Sieve Analysis (Original Fine aggregate) 

 

 

 

 

Weight of Cement (gm) 500 500 500 500 500 500 500 500 

% of Water 26 27 28 29 30 31 32 33 

Weight of Water (gm) 130 135 140 145 150 155 160 165 

Penetration depth (mm) 6 9 11 21 - - - - 

Sieve 

Size 

(mm) 

Weight 

of Sieve 

(gm) 

Weight of 

Sieve and 

aggregate 

(gm) 

Weight 

Retained 

(gm) 

Weight 

Retained 

(%) 

Cumulative 

Weight 

Retained 

(%) 

Original 

Fine 

Aggregate 

Cumulative 

Passing (%) 

ES C.D3 201  

Min Max 

4.75 566.70 566.70 0.00 0.00 0.00 100.00 95 100 

2.36 532.90 561.80 28.90 5.79 5.79 94.21 80 100 

1.18 497.70 539.30 41.60 8.34 14.13 85.87 50 85 

0.6 458.60 573.80 115.20 23.09 37.22 62.78 25 60 

0.3 427.60 653.70 226.10 45.32 82.54 17.46 10 30 

0.15 398.50 475.20 76.70 15.37 97.92 2.08 2 10 

PAN 369.20 379.60 10.40 2.08 100.00 0.00   

TOTAL   498.90  237.60    
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2.2. Sieve Analysis for Washed Blended Fine Aggregate (25% Crushed Stone & 75% 

River Sand) 

 

 

 

FM = ∑% Cumulative Coarser 

                           100 

FM = 294.44/100 = 2.94 

 

 

 

 

 

 

 

 

Sieve 

Size 

(mm) 

Weight 

of Sieve 

(gm) 

Weight of 

Sieve and 

aggregate 

(gm) 

Weight 

Retained 

(gm) 

Weight 

Retained 

(%) 

Cumulative 

Weight 

Retained (%) 

Blended Fine 

Aggregate 

Cumulative 

Passing (%) 

ES C.D3 201  

Min Max 

4.75 566.10 566.10 0.00 0.00 0.00 100.00 95 100 

2.36 533.10 622.20 89.10 17.79 17.79 82.21 80 100 

1.18 497.60 578.50 80.90 16.15 33.93 66.07 50 85 

0.6 458.20 568.30 110.10 21.98 55.91 44.09 25 60 

0.3 427.20 592.10 164.90 32.92 88.83 11.17 10 30 

0.15 399.60 445.48 45.88 9.16 97.98 2.02 2 10 

PAN 369.50 379.60 10.10 2.02 100.00 0.00     

TOTA

L     500.98 100 294.44       
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2.3. Sieve Analysis for Unwashed Blended Fine Aggregate (25% Crushed Stone & 75% 

River Sand) 

2.4. Particle Size Distribution for Fine Aggregate 

Sieve 

Size 

(mm) 

Weight 

of Sieve 

(gm) 

Weight of 

Sieve and 

aggregate 

(gm) 

Weight 

Retained 

(gm) 

Weight 

Retained 

(%) 

Cumulative 

Weight 

Retained (%) 

Blended Fine 

Aggregate 

Cumulative 

Passing (%) 

ES C. D3 201  

Min  Max  

9.5 538.40 538.40 0.00 0 0 100 - - 

4.75 565.80 565.80 0.00 0 0 100 95 100 

2.36 533.30 607.40 74.10 15 15 85 80 100 

1.18 498.40 615.50 117.10 23 38 62 50 85 

0.6 458.50 609.80 151.30 30 69 31 25 60 

0.3 427.40 516.60 89.20 18 87 13 10 30 

0.15 399.00 442.40 43.40 9 95 5 2 10 

PAN 369.50 392.80 23.30 5 100 0 
  

TOTAL 
  

498.40 100 303.89 
   

Sieve Size 

(mm) 

River Sand 

Cumulative 

Passing   

(%) 

Crushed 

Sand 

Cumulative 

Passing   

(%) 

Blended 

Sand 

Cumulative 

Passing   

(%) 

Cumulative Passing for Fine Aggregate (%)   

ES 6141:2017 

Maximum 

Requirement 

Target 

Mean 

Minimum 

Requirement 

9.5 100 100 100 100 100 100 

4.75 100 97.58 99.76 100 97.5 95 

2.36 94.22 52.12 90.01 100 90 80 

1.18 85.91 16.72 78.99 85 67.5 50 

0.6 62.88 5.25 57.12 60 42.5 25 

0.3 17.69 1.86 16.11 30 17.5 5 

0.15 2.36 0.74 2.20 10 5 0 

0.075 0.24 0.54 0.27 0 1.5 3 
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2.5.  Unit Weight for Fine Aggregate 

Dry-rodded bulk density  

• Weight of container “A” (kg) = 3.99  

• Weight of container + sample “B” (kg) = 11.06 

• Volume of container “C” (m3) = 0.005 

          Unit Weight (kg/m3) = B-A/C = 1,414 

2.6.  Specific Gravity and Absorption Test for Fine Aggregate 

• Weight of oven dry sample in air “A” (gm) = 493.6 

• Weight of pycnometer filled with water “B” (gm) = 1652  

• Weight of pycnometer + sample + water “C” (gm) = 1938.5 

Bulk Specific Gravity = A/(B+500-C) = 2.3 

Bulk Specific Gravity (SSD) = 500/(B+500-C) = 2.34 

Apparent Specific Gravity = A/(A+B-C) = 2.38 

Absorption Capacity = (500-A/A)*100 = 1.3% 

 

2.7.  Moisture Content for Fine Aggregate 

A = weight of original sample = 500.1 gm 

B= weight of oven dry sample = 490.7 gm 

Moisture Content (%) = (A-B/B)*100 = 1.91% 
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3. Properties of Coarse Aggregate 

3.1.  Sieve Analysis for Original Coarse Aggregate 

 

 

3.2. Sieve Analysis for Blended Coarse Aggregate 

 

 

 

Sieve 

Size 

(mm) 

Weight of 

Sieve (gm) 

Weight of 

Sieve and 

aggregate 

(gm) 

Weight 

Retained 

(gm) 

Weight 

Retained 

(%) 

Cumulativ

e Weight 

Retained 

(%) 

Cumula

tive 

Passing 

(%) 

ES C.D3 201  

Max Min 

25 1088.60 1212.60 124.00 6.20 6.20 93.80 100.00 95.0 

19 1193.50 1983.50 790.00 39.50 45.70 54.30 70.00 30.0 

12.5 1208.80 2037.70 828.90 41.44 87.14 12.86     

9.5 1142.10 1363.20 221.10 11.05 98.20 1.80 35.00 10.0 

4.75 1221.20 1256.30 35.10 1.75 99.95 0.05 5.00 0.0 

PAN 988.00 989.00 1.00 0.05 100.00 0.00     

TOTAL     2000.1   337.18       

Sieve 

Size 

(mm) 

Weight 

of Sieve 

(gm) 

Weight of 

Sieve and 

aggregate 

(gm) 

Weight 

Retained 

(gm) 

Weight 

Retained 

(%) 

Cumulative 

Weight 

Retained 

(%) 

Cumulative 

Passing (%) 

ES C.D3 201 

Max Mini 

25 1088.60 1116.60 28.00 1.40 1.40 98.60 100.00 95.0 

19 1193.50 1993.50 800.00 39.99 41.39 58.61 70.00 30.0 

12.5 1208.80 1627.70 418.90 20.94 62.34 37.66     

9.5 1142.10 1659.20 517.10 25.85 88.19 11.81 35.00 10.0 

4.75 1221.20 1455.30 234.10 11.70 99.89 0.11 5.00 0.0 

PAN 988.00 990.20 2.20 0.11 100.00 0.00     

TOTAL     2000.3   393.21       
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3.3. Particle Size Distribution for Coarse Aggregate 

3.4. Specific Gravity and Absorption Test for Coarse Aggregate  

• Weight of oven dry sample in air “A” (gm) = 4987.7 

• Weight of saturated surface dry specimen in air “B” (gm) = 5024.9 

• Weight of saturated surface dry specimen in water “C” (gm) = 3018.9 

         Bulk Specific Gravity = A/(B-C) = 2.49 

         Bulk Specific Gravity (SSD) = B/ (B-C) = 2.50 

         Apparent Specific Gravity = A/A-C = 2.53 

Absorption Percent = (B-A/A)*100 = 0.745% 

3.5. Moisture Content for Coarse Aggregate 

       A = weight of original sample = 2000.7 gm 

       B= weight of oven dry sample = 1970.3 gm 

Sieve 

Size 

(mm) 

Cumulative 

Passing for 

10mm 

Aggregate Size 

(%) 

Cumulative 

Passing for 

20mm 

Aggregate Size 

(%) 

Cumulative 

Passing for 

Blended 

Aggregate (%) 

Cumulative Passing for Coarse 

Aggregate (%) ES 6141:2017 

 

Minimum 

Requirement 

Target 

Mean 

Maximum 

Requirement 

37.5 100 100 100 95 97.5 100 

25 97.3 93.80 94.50    

19 94.49 54.30 62.34 30 52.5 70 

12.5 90.96 12.86 28.48    

9.5 83.11 1.80 18.06 10 20 30 

4.75 5.40 0.05 1.12 0 2.5 5 
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                Moisture Content (%) = (A-B/B) *100 = 1.54 % 

3.6. Unit Weight for Coarse Aggregate (Dry-rodded Bulk Density) 

• Weight of container “A” (kg) = 5.955 

• Weight of container + sample “B” (kg) = 21.015 

• Volume of container “C” (m3) = 0.01 

            Unit Weight (kg/m3) = B-A/C = 1506 
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APPENDIX II: CONCRETE MIX DESIGN 

APPENDIX IIA:  C-25 Concrete Mix Design  

• Assuming Non-Air Entrained Concrete C-25 Control Mix Design 

According to ACI 301average compressive strength must equal or exceed the required average 

compressive strength (f’cr )  the specified compressive strength (f’c) of concrete, Mpa is 25 Mpa.  

fi
cr = fic + 7 MPa………………. when specified compressive strength less than 21 Mpa 

fi
cr = fic + 8.5MPa ………………when specified compressive strength is between 21 to 35Mpa 

fi
cr = 1.1fic + 5 MPa ……………. when specified compressive strength greater than 35 Mpa 

Where: fi
cr = required average compressive strength (Mpa) 

fi
c = specified strength amount (Mpa) 

fi
cr = fic + 8.5MPa  

fi
cr = 25+ 8.5MPa = 33.5 Mpa 

Step 1: Choice of Slump 

Based on the recommended values of slump for various types of construction as given by ACI 

211.1-91:-  

• 160-220 mm (minimum slump possible) is taken. The selected slump is 200 mm, 

considering ease for ready mixed concrete pumping. 

Step 2: Maximum Size of Aggregate 

MAS should be greater than one third of slab dimension. Assume slab thickness 250 mm 

according to the end result of sieve analysis result:- 

• Maximum Nominal Aggregate size 25mm 
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Step 3: Estimation of Mixing Water and Air Content 

Based on the approximate requirement for mixing water and air content for different workability 

and nominal maximum sizes of aggregates as given by ACI 211.1-91: - 

• Water content requirement for maximum nominal aggregate size 25mm, for slump of 160-

220 mm, and Non- Air entertained concrete is 202 kg/m3. 

• Approximate amount of entrained air in non-air entrained concrete in percent for maximum 

nominal aggregate size 25mm; Non- Air entertained concrete is 1.5. 

Step 4: Estimation of Water/Cement Ratio 

Based on the Relation between water/cement ratio and average compressive strength of concrete as 

given by ACI 211.1-91:- 

• Effective Water/Cement ratio for average compressive strength of 33.5 Mpa (4858.76psi) 

is 0.49 by using linear interpolation in Non-Air Entrained Concrete. 

Step 5: Calculation of Cement Content 

By using results from step 3 & 4:- 

• Cement Content (Kg/m3) =   Weight of Water  = 202 kg/m3  /0.49 = 412.24 kg/m3 

                                             Water /Cement ratio 

Step 6: Estimation of Coarse Aggregate 

Based on the dry bulk volume of coarse aggregate per unit of volume of concrete as given by ACI 

211.1-91:- 

• Volume of coarse aggregate for maximum nominal aggregate size of 25mm and finesse 

modulus of 2.56 is 0.694 (using linear interpolation). 

• Coarse Aggregate (Kg/m3) = unit wt.* volume = 1506 * 0.694 = 1045.16 kg/m3 
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Step 7: Estimation of Fine Aggregate 

By using Absolute volume method:- 

• Volume of Water = 202/(1*1000) = 0.202 m3 

• Volume of Cement = 412.24/(3.15*1000) = 0.13 m3 

• Volume of Coarse Aggregate = 1045.16/(2.50*1000) = 0.42 m3 

• Fine Aggregate = (1 m3-0.202 m3-0.13 m3-0.42  m3)*2.34*1000 = 580.32Kg/m3 

Step 8: Batch Weight and Water Adjustment  

• Mixing Water Adjustment = (Weight of Water ) –(Water from Coarse Aggregate)- (Water 

from Fine aggregate) 

• Mixing Water Adjustment = 202 -[1045.16*(0.0154-0.00745)]-[580.32*(0.0191-0.013)]  

• Mixing Water Adjustment = 202 -8.31-3.54 =  190.15 Kg 

• Weight of Coarse Aggregate = 1045.16*(1+0.0154) = 1061.25 kg 

• Weight of Fine Aggregate = 580.32 *(1+0.0191) = 591.40 kg 

Step 9: Laboratory Weight Adjustment 

For the laboratory trial batch production (9 cubes + 1 cube wastage = 10 cubes):- 

Total Volume = (0.15*0.15*0.15)*10 = 0.034 m3 

Material Type Adjusted Quantity Weight (kg) 

Water 0.034*190.15 6.46 

Cement 0.034*412.24 14.02 

Coarse Aggregate 0.034*1061.25 36.08 

Fine Aggregate 0.034*591.40 20.11 
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C-25 MIX DESING FOR CEMENT REDUCTION AT CONSTANT 

WATER CEMENT RATIO 

C-25 Control Mix 

Water=190.15 

Cement=412.24 

Coarse Aggregate=1061.25 

Fine Aggregate=591.40 

Admixture=0 

A.  Water and Cement Reduction 5% 

Water reduction= 0.05*190.15= 9.51 

1. For 0.5% WRR Admixture (Kg), 

Admixture = 0.5%* Cement Value= 0.005*412.24= 2.06 Kg/m3 

Water = 190.15 -9.51= 180.64 Kg/m3 

      Water/Cement= 0.49 and Cement= Water/0.49 

Cement=180.64/0.49 = 368.65 Kg/m3 

By using Absolute volume method:- 

• Volume of Water = 180.64/(1*1000) = 0.181 m3 

• Volume of Cement = 368.65/(3.15*1000) = 0.117 m3 

• Volume of Admixture = 2.06/(1.12*1000) =0.0018 m3 

• Volume of Coarse Aggregate = 1061.25/(2.50*1000) = 0.424 m3 

Fine Aggregate = (1 m3-0.188 m3-0.122 m3-0.0021 m3- 0.424 m3)*2.34*1000 = 617.53 Kg/m3 

2. For 0.85 % WRR Admixture (Kg), 

Admixture = 0.85%* Cement Value= 0.0085*412.24= 3.50 Kg/m3 

Water = 190.15 – (190.15*0.05) = 180.64Kg/m3 

      Water/Cement= 0.49 and Cement= Water/0.49 

Cement=180.64/0.49 = 368.65Kg/m3 
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By using Absolute volume method:- 

• Volume of Water = 180.64/(1*1000) = 0.181 m3 

• Volume of Cement = 368.65/(3.15*1000) = 0.117 m3 

• Volume of Admixture = 3.50/(1.12*1000) =0.0031 m3 

• Volume of Coarse Aggregate = 1061.25/(2.50*1000) = 0.424 m3 

Fine Aggregate = (1 m3-0.181 m3-0.117 m3-0.0031 m3- 0.424 m3)*2.34*1000 = 643.27 Kg/m3 

3. For 1.2 % WRR Admixture (Kg), 

Admixture = 1.2%* Cement Value= 0.012*412.24= 4.95 Kg/m3 

Water = 190.15 – (190.15*0.05) = 180.64Kg/m3 

      Water/Cement= 0.49 and Cement= Water/0.49 

Cement=180.64/0.49 = 368.65Kg/m3 

By using Absolute volume method:- 

• Volume of Water = 180.64/(1*1000) = 0.181 m3 

• Volume of Cement = 368.65/(3.15*1000) = 0.117 m3 

• Volume of Admixture = 4.95/(1.12*1000) =0.0044 m3 

• Volume of Coarse Aggregate = 1061.25/(2.50*1000) = 0.424 m3 

Fine Aggregate = (1 m3-0.181 m3-0.117 m3-0.0044 m3- 0.424 m3)*2.34*1000 = 640.22 Kg/m3 

B.  Water and Cement Reduction 8% 

Water reduction= 0.08*190.15=15.21 

1. For 0.5% WRR Admixture (Kg), 

Admixture = 0.5%* Cement Value= 0.005*412.24= 2.06 Kg/m3 

Water = 190.15 -15.21 = 174.94 Kg/m3 

      Water/Cement= 0.49 and Cement= Water/0.49 

Cement=174.94/0.49 = 357.02 Kg/m3 

By using Absolute volume method:- 



84 | P a g e  

 

• Volume of Water = 174.94/(1*1000) = 0.175 m3 

• Volume of Cement = 357.02/(3.15*1000) = 0.113 m3 

• Volume of Admixture = 2.06/(1.12*1000) =0.0018 m3 

• Volume of Coarse Aggregate = 1061.25/(2.50*1000) = 0.424 m3 

Fine Aggregate = (1 m3-0.175 m3-0.113m3- 0.0018 m3- 0.424 m3)*2.34*1000 = 669.71 Kg/m3 

2. For 0.85 % WRR Admixture (Kg), 

Admixture = 0.85%* Cement Value= 0.0085*412.24= 3.50 Kg/m3 

Water = 190.15 -15.21 = 174.94 Kg/m3 

      Water/Cement= 0.49 and Cement= Water/0.49 

Cement=174.94/0.49 = 357.02 Kg/m3 

By using Absolute volume method:- 

• Volume of Water = 174.94/(1*1000) = 0.175 m3 

• Volume of Cement = 357.02/(3.15*1000) = 0.113 m3 

• Volume of Admixture = 3.50/(1.12*1000) =0.0031 m3 

• Volume of Coarse Aggregate = 1061.25/(2.50*1000) = 0.424 m3 

Fine Aggregate = (1 m3-0.175 m3-0.113m3- 0.0031 m3- 0.424 m3)*2.34*1000 = 666.67 Kg/m3 

3. For 1.2 % WRR Admixture (Kg), 

Admixture = 1.2%* Cement Value= 0.012*412.24= 4.95 Kg/m3 

Water = 190.15 -15.21 = 174.94 Kg/m3 

      Water/Cement= 0.49 and Cement= Water/0.49 

Cement=174.94/0.49 = 357.02 Kg/m3 

By using Absolute volume method:- 

• Volume of Water = 174.94/(1*1000) = 0.175 m3 

• Volume of Cement = 357.02/(3.15*1000) = 0.113 m3 

• Volume of Admixture = 4.95/(1.12*1000) =0.0044 m3 

• Volume of Coarse Aggregate = 1061.25/(2.50*1000) = 0.424 m3 
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Fine Aggregate = (1 m3-0.175 m3-0.113m3- 0.0044 m3- 0.424 m3)*2.34*1000 = 663.62 Kg/m3 

C.  Water and Cement Reduction 12 % 

Water reduction= 0.12*190.15= 22.82 

1. For 0.5% WRR Admixture (Kg), 

Admixture = 0.5%* Cement Value= 0.005*412.24= 2.06 Kg/m3 

Water = 190.15 -22.82 = 167.33 Kg/m3 

      Water/Cement= 0.49 and Cement= Water/0.49 

Cement=167.33/0.49 = 341.49 Kg/m3 

By using Absolute volume method:- 

• Volume of Water = 167.33/(1*1000) = 0.167 m3 

• Volume of Cement = 341.49/(3.15*1000) = 0.108 m3 

• Volume of Admixture = 2.06/(1.12*1000) =0.0018 m3 

• Volume of Coarse Aggregate = 1061.25/(2.50*1000) = 0.424 m3 

Fine Aggregate = (1 m3-0.167 m3-0.108m3- 0.0018 m3- 0.424 m3)*2.34*1000 = 700.13 Kg/m3 

2. For 0.85 % WRR Admixture (Kg), 

Admixture = 0.85%* Cement Value= 0.0085*412.24= 3.50 Kg/m3 

Water = 190.15 -22.82 = 167.33 Kg/m3 

      Water/Cement= 0.49 and Cement= Water/0.49 

Cement=167.33/0.49 = 341.49 Kg/m3 

By using Absolute volume method:- 

• Volume of Water = 167.33/(1*1000) = 0.167 m3 

• Volume of Cement = 341.49/(3.15*1000) = 0.108 m3 

• Volume of Admixture = 3.50/(1.12*1000) =0.0031 m3 

• Volume of Coarse Aggregate = 1061.25/(2.50*1000) = 0.424 m3 

Fine Aggregate = (1 m3-0.167 m3-0.108 m3- 0.0031 m3- 0.424 m3)*2.34*1000 = 697.09 Kg/m3 
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3. For 1.2 % WRR Admixture (Kg), 

Admixture = 1.2%* Cement Value= 0.012*412.24= 4.95 Kg/m3 

Water = 190.15 -22.82 = 167.33 Kg/m3 

      Water/Cement= 0.49 and Cement= Water/0.49 

Cement=167.33/0.49 = 341.49 Kg/m3 

By using Absolute volume method:- 

• Volume of Water = 167.33/(1*1000) = 0.167 m3 

• Volume of Cement = 341.49/(3.15*1000) = 0.108 m3 

• Volume of Admixture = 4.95/(1.12*1000) =0.0044 m3 

• Volume of Coarse Aggregate = 1061.25/(2.50*1000) = 0.424 m3 

Fine Aggregate = (1 m3-0.167 m3-0.108 m3- 0.0044 m3- 0.424 m3)*2.34*1000 = 694.04 Kg/m3 
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APPENDIX IIB:  C-40 Concrete Mix Design 

• Assuming Non-Air Entrained Concrete C-40 Control Mix 

According to ACI 301average compressive strength must equal or exceed the required average 

compressive strength (f’cr )  the specified compressive strength (f’c) of concrete, Mpa is 40 Mpa.  

fi
cr = fic + 7 MPa………………. when specified compressive strength less than 21 Mpa 

fi
cr = fic + 8.5MPa ………………when specified compressive strength is between 21 to 35Mpa 

fi
cr = 1.1fic + 5 MPa ……………. when specified compressive strength greater than 35 Mpa 

Where: fi
cr = required average compressive strength (Mpa) 

fi
c = specified strength amount (Mpa) 

fi
cr = 1.1fic + 5MPa  

fi
cr =1.1 (40) + 5MPa = 49 Mpa 

Step 1: Choice of Slump 

Based on the recommended values of slump for various types of construction as given by ACI 

211.1-91:-  

• 160-220 mm (minimum slump possible) is taken. The selected slump is 200 mm, 

considering ease for ready mixed concrete pumping. 

Step 2: Maximum Size of Aggregate 

MAS should be greater than one third of slab dimension. Assume slab thickness 250 mm 

according to the end result of sieve analysis result:- 

• Maximum Nominal Aggregate size 25mm 

Step 3: Estimation of Mixing Water and Air Content 
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Based on the approximate requirement for mixing water and air content for different workability 

and nominal maximum sizes of aggregates as given by ACI 211.1-91:- 

• Water content requirement for maximum nominal aggregate size 25mm, for slump of 160-

220 mm, and Non- Air entertained concrete is 202 kg/m3. 

• Approximate amount of entrained air in non air entrained concrete in percent for maximum 

nominal aggregate size 25mm; Non- Air entertained concrete is 1.5. 

Step 4: Estimation of Water to Cement Ratio 

Based on the relation between water/cement ratio and average compressive strength of concrete as 

given by ACI 211.1-91:- 

• Effective Water/Cement ratio for average compressive strength of 49 Mpa is 0.3 by using 

linear interpolation in Non-Air Entrained Concrete. 

Step 5: Calculation of Cement Content 

By using results from step 3 & 4:- 

• Cement Content (Kg/m3) =   Weight of Water  = 202 kg/m3  /0.3 = 673.33 kg/m3 

                                              Water /Cement ratio 

Step 6: Estimation of Coarse Aggregate 

Based on the dry bulk volume of coarse aggregate per unit of volume of concrete as given by ACI 

211.1-91:- 

• Volume of coarse aggregate for maximum nominal aggregate size of 25mm and finesse 

modulus of 2.56 is 0.694 (using linear interpolation). 

• Coarse Aggregate (Kg/m3) = unit wt.* volume = 1506 * 0.694 = 1045.16 Kg/m3 

Step 7: Estimation of Fine Aggregate 

By using Absolute volume method:- 

• Volume of Water = 202/(1*1000) = 0.202 m3 
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• Volume of Cement = 673.33/(3.15*1000) = 0.214 m3 

• Volume of Coarse Aggregate = 1045.16/(2.50*1000) = 0.42 m3 

• Fine Aggregate = (1 m3-0.202 m3-0.214 m3-0.42  m3)*2.34*1000 = 383.76 Kg/m3 

Step 8: Batch Weight and Water Adjustment  

• Mixing Water Adjustment = (Weight of Water ) –(Water from Coarse Aggregate)- (Water 

from Fine aggregate) 

• Mixing Water Adjustment = 202 -[1045.16*(0.0154-0.00745)]-[383.76*(0.0191-0.013)]  

• Mixing Water Adjustment = 202 -8.31-2.34 =  191.35 Kg 

• Weight of Coarse Aggregate = 1045.16*(1+0.0154) = 1061.25 kg 

• Weight of Fine Aggregate = 383.76 *(1+0.0191) = 391.09 kg 

Step 9: Laboratory Weight Adjustment 

For the laboratory control trial batch production (9 cubes + 1 cube wastage = 10 cubes):- 

▪ Total Volume = (0.15*0.15*0.15)*10 = 0.034 m3 

Material Type Adjusted Quantity Weight (kg) 

Water 0.034*191.35 6.51 

Cement 0.034*673.33 22.89 

Coarse Aggregate 0.034*1061.25 36.08 

Fine Aggregate 0.034*391.09 13.30 
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C-40 MIX DESING FOR CEMENT REDUCTION AT CONSTANT 

WATER CEMENT RATIO 

Quantity of materials in kg for 1m3 C-40 concrete grade production at constant water to cement 

ratio by reducing cement: C-40 W/C ratio value is 0.30 and water reducing and retarding (WRR) 

admixture value depended on the cement value. 

                             C-40 Control Mix (Kg),  

Water =191.35 

Cement = 673.33 

Coarse Aggregate = 1061.25 

Fine Aggregate = 391.09 

Admixture=0 

A.  Water and Cement Reduction 5% 

Water reduction= 0.05*191.35= 9.57 

1. For 0.5% WRR Admixture (Kg), 

Admixture = 0.5%* Cement Value= 0.005*673.33= 3.37 Kg/m3 

Water = 191.35 -9.57= 181.78 Kg/m3 

      Water/Cement= 0.30 and Cement= Water/0.30 

Cement=181.78/0.30 = 605.93 Kg/m3 

By using Absolute volume method:- 

• Volume of Water = 181.78/(1*1000) = 0.182 m3 

• Volume of Cement = 605.93/(3.15*1000) = 0.192 m3 

• Volume of Admixture = 3.37/(1.12*1000) =0.003 m3 

• Volume of Coarse Aggregate = 1061.25/(2.50*1000) = 0.424 m3 

Fine Aggregate = (1 m3-0.182 m3-0.192 m3-0.003 m3- 0.424 m3)*2.34*1000 = 465.66 Kg/m3 
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2. For 0.85 % WRR Admixture (Kg), 

Admixture = 0.85%* Cement Value= 0.0085*673.33= 5.72 Kg/m3 

Water = 191.35 – 9.57 = 181.78Kg/m3 

      Water/Cement= 0.30 and Cement= Water/0.30 

Cement=181.78/0.30 = 605.93Kg/m3 

By using Absolute volume method: - 

• Volume of Water = 181.78/(1*1000) = 0.182 m3 

• Volume of Cement = 605.93/(3.15*1000) = 0.192 m3 

• Volume of Admixture = 5.72/(1.12*1000) =0.005 m3 

• Volume of Coarse Aggregate = 1061.25/(2.50*1000) = 0.424 m3 

Fine Aggregate = (1 m3-0.182 m3-0.192 m3-0.005 m3- 0.424 m3)*2.34*1000 = 460.98 Kg/m3 

3. For 1.2 % WRR Admixture (Kg), 

Admixture = 1.2%* Cement Value= 0.012*673.33= 8.08 Kg/m3 

Water = 191.35 – 9.57 = 181.78Kg/m3 

      Water/Cement= 0.30 and Cement= Water/0.30 

Cement=181.78/0.30 = 605.93Kg/m3 

By using Absolute volume method: - 

• Volume of Water = 181.78/(1*1000) = 0.182 m3 

• Volume of Cement = 605.93/(3.15*1000) = 0.192 m3 

• Volume of Admixture = 8.08/(1.12*1000) =0.007 m3 

• Volume of Coarse Aggregate = 1061.25/(2.50*1000) = 0.424 m3 

Fine Aggregate = (1 m3-0.182 m3-0.192 m3-0.007 m3- 0.424 m3)*2.34*1000 = 456.30Kg/m3 

 

 

 



92 | P a g e  

 

B.  Water and Cement Reduction 8% 

Water reduction= 0.08*191.35=15.31 

1. For 0.5% WRR Admixture (Kg), 

Admixture = 0.5%* Cement Value= 0.005*673.33= 3.37Kg/m3 

Water = 191.35 -15.31 = 176.04 Kg/m3 

      Water/Cement= 0.30 and Cement= Water/0.30 

Cement=176.04/0.30 = 586.8Kg/m3 

By using Absolute volume method:- 

• Volume of Water = 176.04/(1*1000) = 0.176 m3 

• Volume of Cement = 586.8/(3.15*1000) = 0.186 m3 

• Volume of Admixture = 3.37/(1.12*1000) =0.003 m3 

• Volume of Coarse Aggregate = 1061.25/(2.50*1000) = 0.424 m3 

Fine Aggregate = (1 m3-0.176 m3-0.186 m3- 0.003 m3- 0.424 m3)*2.34*1000 = 493.74 Kg/m3 

2. For 0.85 % WRR Admixture (Kg), 

Admixture = 0.85%* Cement Value= 0.0085*673.33= 5.72Kg/m3 

Water = 191.35 -15.31 = 176.04 Kg/m3 

      Water/Cement= 0.30 and Cement= Water/0.30 

Cement=176.04/0.30 = 586.8Kg/m3 

By using Absolute volume method:- 

• Volume of Water = 176.04/(1*1000) = 0.176 m3 

• Volume of Cement = 586.8/(3.15*1000) = 0.186 m3 

• Volume of Admixture = 5.72/(1.12*1000) =0.005 m3 

• Volume of Coarse Aggregate = 1061.25/(2.50*1000) = 0.424 m3 

Fine Aggregate = (1 m3-0.176 m3-0.186 m3- 0.005 m3- 0.424 m3)*2.34*1000 = 489.06Kg/m3 
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3. For 1.2 % WRR Admixture (Kg), 

Admixture = 1.2%* Cement Value= 0.012*673.33= 8.08Kg/m3 

Water = 191.35 -15.31 = 176.04 Kg/m3 

      Water/Cement= 0.30 and Cement= Water/0.30 

Cement=176.04/0.30 = 586.8Kg/m3 

By using Absolute volume method:- 

• Volume of Water = 176.04/(1*1000) = 0.176 m3 

• Volume of Cement = 586.8/(3.15*1000) = 0.186 m3 

• Volume of Admixture = 8.08/(1.12*1000) =0.007 m3 

• Volume of Coarse Aggregate = 1061.25/(2.50*1000) = 0.424 m3 

Fine Aggregate = (1 m3-0.176 m3-0.186 m3- 0.007 m3- 0.424 m3)*2.34*1000 = 484.38Kg/m3 

C.  Water and Cement Reduction 12 % 

Water reduction= 0.12*191.35= 22.96 

1. For 0.5% WRR Admixture (Kg), 

Admixture = 0.5%* Cement Value= 0.005*673.33= 3.37 Kg/m3 

Water = 191.35 -22.96 = 168.39 Kg/m3 

      Water/Cement= 0.30 and Cement= Water/0.30 

Cement=168.39/0.30 = 561.30 Kg/m3 

By using Absolute volume method:- 

• Volume of Water = 168.39/(1*1000) = 0.168 m3 

• Volume of Cement = 561.30/(3.15*1000) = 0.178 m3 

• Volume of Admixture = 3.37/(1.12*1000) =0.003 m3 

• Volume of Coarse Aggregate = 1061.25/(2.50*1000) = 0.424 m3 

Fine Aggregate = (1 m3-0.168 m3-0.178m3- 0.003 m3- 0.424 m3)*2.34*1000 = 531.18Kg/m3 
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2. For 0.85 % WRR Admixture (Kg), 

Admixture = 0.85%* Cement Value= 0.0085*673.33= 5.72 Kg/m3 

Water = 191.35 -22.96 = 168.39 Kg/m3 

      Water/Cement= 0.30 and Cement= Water/0.30 

Cement=168.39/0.30 = 561.30 Kg/m3 

By using Absolute volume method:- 

• Volume of Water = 168.39/(1*1000) = 0.168 m3 

• Volume of Cement = 561.30/(3.15*1000) = 0.178 m3 

• Volume of Admixture = 5.72/(1.12*1000) =0.005 m3 

• Volume of Coarse Aggregate = 1061.25/(2.50*1000) = 0.424 m3 

Fine Aggregate = (1 m3-0.168 m3-0.178m3- 0.005 m3- 0.424 m3)*2.34*1000 = 526.5Kg/m3 

3. For 1.2 % WRR Admixture (Kg), 

Admixture = 1.2%* Cement Value= 0.012*673.33= 8.08 Kg/m3 

Water = 191.35 -22.96 = 168.39 Kg/m3 

      Water/Cement= 0.30 and Cement= Water/0.30 

Cement=168.39/0.30 = 561.30 Kg/m3 

By using Absolute volume method:- 

• Volume of Water = 168.39/(1*1000) = 0.168 m3 

• Volume of Cement = 561.30/(3.15*1000) = 0.178 m3 

• Volume of Admixture = 8.08/(1.12*1000) =0.007 m3 

• Volume of Coarse Aggregate = 1061.25/(2.50*1000) = 0.424 m3 

Fine Aggregate = (1 m3-0.168 m3-0.178m3- 0.007 m3- 0.424 m3)*2.34*1000 = 521.82Kg/m3 
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APPENDIX III: EXPERIMENTAL TEST RESULTS 

APPENDIX III A: Effect of WRR Admixture on Compressive Strength with Optimum Dosage 

C-25 Control Mix (Reference Concrete) 

No 

Test age 

(days) Dimensions (cm) 

W/C 

ratio 

Water 

reduction 

(%) 

Slump 

(mm) 

Weight 

(gm) 

Volume 

(cm3) 

Failure 

load (KN) 

Compressive 

Strength 

(Mpa) 

Unit 

Weight 

(gm/cm3) 

1 

7 

15 15 15 

0.49 

0% 

150 8505.00 3375.00 412.36 15.39 2.52 

2 15 15 15 150 8606.25 3375.00 454.52 17.80 2.55 

3 15 15 15 150 8606.25 3375.00 452.60 16.12 2.55 

  Mean 8572.50 3375.00 439.83 16.44 2.54 

1 

14 

15 15 15 

0.49 

0% 

150 8403.75 3375.00 813.15 30.27 2.49 

2 15 15 15 150 7931.25 3375.00 792.56 28.97 2.35 

3 15 15 15 150 8640.00 3375.00 835.49 32.59 2.56 

  Mean 8325.00 3375.00 813.73 30.61 2.47 

1 

28 

15 15 15 

0.49 

0% 

150 9123.10 3375.00 862.14 35.23 2.70 

2 15 15 15 150 9047.50 3375.00 889.50 38.36 2.68 

3 15 15 15 150 8897.00 3375.00 902.47 39.45 2.64 

  Mean 9022.53 3375.00 884.70 37.68 2.67 

C-25 with 0.85% WRR Admixture 

No 

Test age 

(days) Dimensions (cm) 

W/C 

ratio 

Water 

reduction 

(%) 

Slump 

(mm) 

Weight 

(gm) 

Volume 

(cm3) 

Failure 

load (KN) 

Compressive 

Strength 

(Mpa) 

Unit 

Weight 

(gm/cm3

) 

1 

7 

15 15 15 

0.49 

0% 

210 9416.25 3375.00 210.60 21.06 2.79 

2 15 15 15 210 8943.75 3375.00 221.50 23.45 2.65 

3 15 15 15 210 8876.25 3375.00 239.90 23.99 2.63 

  Mean 9078.75 3375.00 224.00 22.83 2.69 
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1 

14 

15 15 15 

0.49 

0% 

210 8606.25 3375.00 824.60 31.68 2.55 

2 15 15 15 210 8512.64 3375.00 811.78 30.54 2.52 

3 15 15 15 210 8723.56 3375.00 835.64 32.95 2.58 

  Mean 8614.15 3375.00 824.01 31.72 2.55 

1 

28 

15 15 15 

0.49 

0% 

210 9145.50 3375.00 1015.16 46.63 2.71 

2 15 15 15 210 8763.24 3375.00 1010.20 45.12 2.60 

3 15 15 15 210 8612.00 3375.00 990.54 44.47 2.55 

  Mean 8840.25 3375.00 1005.30 45.41 2.62 

C-40 Control Mix (Reference Concrete) 

No 

Test age 

(days) 

Dimensions 

(cm) 

W/C 

ratio 

Water 

reduction 

(%) 

Slump 

(mm) 

Weight 

(gm) 

Volume 

(cm3) 

Failure load 

(KN) 

Compressive 

Strength 

(Mpa) 

Unit 

Weight 

(gm/cm3) 

1 

7 

15 15 15 

0.3 

0% 

80 8670.00 3375.00 864.82 38.43 2.57 

2 15 15 15 80 8650.00 3375.00 862.31 35.61 2.56 

3 15 15 15 80 8630.00 3375.00 856.42 33.50 2.56 

  Mean 8650.00 3375.00 861.18 35.85 2.56 

1 

14 

15 15 15 

0.3 

0% 

80 8540.00 3375.00 1085.50 48.24 2.53 

2 15 15 15 80 8425.00 3375.00 984.25 42.45 2.50 

3 15 15 15 80 8536.00 3375.00 1009.54 44.89 2.53 

  Mean 8500.33 3375.00 1026.43 45.19 2.52 

1 

28 

15 15 15 

0.3 

0% 

80 9075.00 3375.00 1483.20 52.76 2.69 

2 15 15 15 80 9030.00 3375.00 1415.40 52.42 2.68 

3 15 15 15 80 9064.12 3375.00 1787.12 58.43 2.69 

  Mean 9056.37 3375.00 1561.91 54.54 2.68 

C-40 With 1.2% WRR Admixture 

No 

Test age 

(days) 

Dimensions 

(cm) 

W/C 

ratio 

Water 

reduction 

(%) 

Slump 

(mm) Weight (gm) 

Volume 

(cm3) 

Failure 

load (KN) 

Compressive 

Strength 

(Mpa) 

Unit Weight 

(gm/cm3) 
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1 

7 

15 15 15 

0.3 

0% 

180 8615.00 3375.00 856.20 33.45 2.55 

2 15 15 15 180 8452.00 3375.00 824.60 31.68 2.50 

3 15 15 15 180 8523.00 3375.00 854.60 32.56 2.53 

  Mean 8530.00 3375.00 845.13 32.56 2.53 

1 

14 

15 15 15 

0.3 

0% 

180 8445.00 3375.00 796.74 35.41 2.50 

2 15 15 15 180 8525.00 3375.00 941.26 42.14 2.53 

3 15 15 15 180 8511.00 3375.00 816.54 39.80 2.52 

  Mean 8493.67 3375.00 851.51 39.12 2.52 

1 

28 

15 15 15 

0.3 

0% 

180 8370.00 3375.00 1517.50 53.76 2.48 

2 15 15 15 180 8400.00 3375.00 1307.50 50.63 2.49 

3 15 15 15 180 8378.90 3375.00 1306.27 50.52 2.48 

  Mean 8382.97 3375.00 1377.09 51.64 2.48 

APPENDIX III B:  Effect of WRR Admixture on Compressive Strength by Cement Reduction 

C-25 5% Cement reduced with 0.5% WRR Admixture 

No 

Test age 

(days) 

Dimensions 

(cm) 

W/C 

ratio 

Water 

reductio

n (%) 

Slump 

(mm) Weight (gm) 

Volume 

(cm3) 

Failure load 

(KN) 

Compressiv

e Strength 

(Mpa) 

Unit 

Weight 

(gm/cm3) 

1 

7 

15 15 15 

0.49 

5% 
64.2 8745.56 3375.00 612.59 25.43 2.59 

2 15 15 15 64.2 8974.50 3375.00 548.97 20.17 2.66 

3 15 15 15 64.2 8632.45 3375.00 604.85 24.56 2.56 

  Mean 8784.17 3375.00 588.80 23.39 2.60 

1 

14 

15 15 15 

0.49 

5% 

64.2 8796.30 3375.00 714.58 27.54 2.61 

2 15 15 15 64.2 8479.36 3375.00 732.54 30.54 2.51 

3 15 15 15 64.2 7459.65 3375.00 702.65 26.47 2.21 

  Mean 8245.10 3375.00 716.59 28.18 2.44 

1 

28 

15 15 15 

0.49 
5% 

64.2 8793.65 3375.00 864.47 36.97 2.61 

2 15 15 15 64.2 8256.12 3375.00 856.71 36.38 2.45 
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3 15 15 15 64.2 8743.29 3375.00 873.56 37.52 2.59 

  Mean 8597.69 3375.00 864.91 36.96 2.55 

C-25 5% Cement reduced with 0..85% WRR Admixture 

No 

Test age 

(days) 

Dimensions 

(cm) 

W/C 

ratio 

Water 

reduction 

(%) 

Slump 

(mm) 

Weight 

(gm) 

Volume 

(cm3) 

Failure 

load 

(KN) 

Compressive 

Strength (Mpa) 

Unit Weight 

(gm/cm3) 

1 

7 

15 15 15 

0.49 

5% 

80.3 8205.00 3375.00 624.90 27.77 2.43 

2 15 15 15 80.3 8325.00 3375.00 635.20 29.35 2.47 

3 15 15 15 80.3 8296.00 3375.00 626.60 28.21 2.46 

  Mean 8275.33 3375.00 628.90 28.44 2.45 

1 

14 

15 15 15 

0.49 

5% 

80.3 8360.00 3375.00 747.00 33.20 2.48 

2 15 15 15 80.3 8245.60 3375.00 778.80 36.45 2.44 

3 15 15 15 80.3 8398.40 3375.00 712.50 29.89 2.49 

  Mean 8334.67 3375.00 746.10 33.18 2.47 

1 

28 

15 15 15 

0.49 

5% 

80.3 8205.11 3375.00 888.50 38.79 2.43 

2 15 15 15 80.3 8372.16 3375.00 890.47 39.83 2.48 

3 15 15 15 80.3 8267.80 3375.00 890.40 39.91 2.45 

  Mean 8281.69 3375.00 889.79 39.51 2.45 

C-25 5% Cement Reduced with 1.2% WRR Admixture 

No 

Test age 

(days) 

Dimensions 

(cm) 

W/C 

ratio 

Water 

reduction 

(%) 

Slump 

(mm) 

Weight 

(gm) 

Volume 

(cm3) 

Failure 

load 

(KN) 

Compressive 

Strength (Mpa) 

Unit 

Weight 

(gm/cm3) 

1 

7 

15 15 15 

0.49 

5% 
180 8963.25 3375.00 714.52 26.87 2.66 

2 15 15 15 180 8125.64 3375.00 702.42 26.04 2.41 

3 15 15 15 180 7456.21 3375.00 687.24 25.47 2.21 

  Mean 8181.70 3375.00 701.39 26.13 2.42 
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1 

14 

15 15 15 

0.49 

5% 

180 7896.30 3375.00 955.41 35.83 2.34 

2 15 15 15 180 7569.34 3375.00 921.47 35.22 2.24 

3 15 15 15 180 8745.67 3375.00 879.56 33.04 2.59 

  Mean 8070.44 3375.00 918.81 34.70 2.39 

1 

28 

15 15 15 

0.49 

5% 

180 8450.56 3375.00 890.45 39.05 2.50 

2 15 15 15 180 8797.41 3375.00 897.16 39.87 2.61 

3 15 15 15 180 8479.25 3375.00 905..6 40.06 2.51 

  Mean 8575.74 3375.00 893.81 39.66 2.54 

C-25 8% Cement Reduced with 0.5% WRR Admixture 

No 

Test age 

(days) 

Dimensions 

(cm) 

W/C 

ratio 

Water 

reduction 

(%) 

Slump 

(mm) Weight (gm) 

Volume 

(cm3) 

Failure 

load (KN) 

Compressive 

Strength 

(Mpa) 

Unit 

Weight 

(gm/cm3) 

1 

7 

15 15 15 

0.49 

8% 
93 8456.50 3375.00 689.54 25.49 2.51 

2 15 15 15 93 8794.65 3375.00 645.58 22.52 2.61 

3 15 15 15 93 8542.65 3375.00 547.62 20.13 2.53 

  Mean 8597.93 3375.00 627.58 22.71 2.55 

1 

14 

15 15 15 

0.49 

8% 

93 8796.40 3375.00 869.32 32.87 2.61 

2 15 15 15 93 7985.60 3375.00 874.49 33.05 2.37 

3 15 15 15 93 8746.53 3375.00 897.14 33.54 2.59 

  Mean 8509.51 3375.00 880.32 33.15 2.52 

1 

28 

15 15 15 

0.49 

8% 

93 8956.45 3375.00 889.11 38.86 2.65 

2 15 15 15 93 8654.21 3375.00 864.15 36.93 2.56 

3 15 15 15 93 8794.65 3375.00 886.65 38.64 2.61 

  Mean 8801.77 3375.00 879.97 38.14 2.61 
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C-25 8% Cement Reduced with 0.85% WRR Admixture 

No 

Test 

age 

(days) Dimensions (cm) 

W/C 

ratio 

Water 

reduction 

(%) 

Slump 

(mm) 

Weight 

(gm) 

Volume 

(cm3) 

Failure 

load (KN) 

Compressive 

Strength 

(Mpa) 

Unit 

Weight 

(gm/cm

3) 

1 

7 

15 15 15 

0.49 

8% 

100 8350.00 3375.00 697.30 30.99 s2.47 

2 15 15 15 100 8325.00 3375.00 685.62 27.52 2.47 

3 15 15 15 100 8250.00 3375.00 677.20 26.51 2.44 

  Mean 8308.33 3375.00 686.71 28.34 2.46 

1 

14 

15 15 15 

0.49 

8% 

100 8110.00 3375.00 844.90 37.55 2.40 

2 15 15 15 100 8245.00 3375.00 825.56 35.46 2.44 

3 15 15 15 100 8345.00 3375.00 816.89 33.78 2.47 

  Mean 8233.33 3375.00 829.12 35.60 2.44 

1 

28 

15 15 15 

0.49 

8% 

100 8320.00 3375.00 899.40 40.11 2.47 

2 15 15 15 100 8416.40 3375.00 877.52 39.20 2.49 

3 15 15 15 100 8378.57 3375.00 893.14 40.08 2.48 

  Mean 8371.66 3375.00 890.02 39.80 2.48 

C-25 8% Cement Reduced with 1.2% WRR Admixture 

No 

Test age 

(days) Dimensions (cm) 

W/C 

ratio 

Water 

reduction 

(%) 

Slump 

(mm) 

Weight 

(gm) 

Volume 

(cm3) 

Failure 

load (KN) 

Compressive 

Strength 

(Mpa) 

Unit 

Weight 

(gm/cm

3) 

1 

7 

15 15 15 

0.49 

8% 
160 8795.24 3375.00 678.65 25.28 2.61 

2 15 15 15 160 8879.64 3375.00 705.50 26.14 2.63 

3 15 15 15 160 8695.12 3375.00 670.45 25.04 2.58 

  Mean 8790.00 3375.00 684.87 25.49 2.60 

1 14 15 15 15 0.49 8% 160 8547.23 3375.00 889.25 33.12 2.53 
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2 15 15 15 160 8632.27 3375.00 954.78 35.89 2.56 

3 15 15 15 160 8745.96 3375.00 869.36 32.85 2.59 

  Mean 8641.82 3375.00 904.46 33.95 2.56 

1 

28 

15 15 15 

0.49 

8% 

160 8236.54 3375.00 889.45 38.58 2.44 

2 15 15 15 160 8456.97 3375.00 892.36 39.14 2.51 

3 15 15 15 160 8796.54 3375.00 886.49 38.13 2.61 

  Mean 8496.68 3375.00 889.43 38.62 2.52 

C-25 12% Cement reduced with 0.5% WRR Admixture 

No 

Test age 

(days) Dimensions (cm) 

W/C 

ratio 

Water 

reduction 

(%) 

Slump 

(mm) 

Weight 

(gm) 

Volume 

(cm3) 

Failure 

load (KN) 

Compressive 

Strength 

(Mpa) 

Unit 

Weight 

(gm/cm

3) 

1 

7 

15 15 15 

0.49 

12% 

28 8796.25 3375.00 625.54 21.89 2.61 

2 15 15 15 28 8456.24 3375.00 523.78 19.54 2.51 

3 15 15 15 28 8321.56 3375.00 604.59 21.08 2.47 

  Mean 8524.68 3375.00 584.64 20.84 2.53 

1 

14 

15 15 15 

0.49 

12% 

28 8569.34 3375.00 745.59 29.47 2.54 

2 15 15 15 28 8469.25 3375.00 835.49 32.09 2.51 

3 15 15 15 28 8796.25 3375.00 870.37 33.28 2.61 

  Mean 8611.61 3375.00 817.15 31.61 2.55 

1 

28 

15 15 15 

0.49 

12% 

28 8569.25 3375.00 843.27 35.08 2.54 

2 15 15 15 28 8856.24 3375.00 850.95 35.74 2.62 

3 15 15 15 28 8458.65 3375.00 833.41 33.12 2.51 

  Mean 8628.05 3375.00 842.54 34.65 2.56 

C-25 12% Cement Reduced with 0.85% WRR Admixture 

No 

Test age 

(days) 

Dimensions 

(cm) 

W/C 

ratio 

Water 

reduction 

(%) 

Slump 

(mm) 

Weight 

(gm) 

Volume 

(cm3) 

Failure 

load (KN) 

Compressive 

Strength 

(Mpa) 

Unit 

Weight 

(gm/cm3) 
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1 

7 

15 15 15 

0.49 

12% 

30 8564.45 3375 666.54 22.54 2.54 

2 15 15 15 30 8974.54 3375.00 678.89 22.85 2.66 

3 15 15 15 30 8745.56 3375.00 621.65 21.55 2.59 

  Mean 8761.52 3375.00 655.69 22.31 2.60 

1 

14 

15 15 15 

0.49 

12% 

30 8475.65 3375.00 814.56 31.59 2.51 

2 15 15 15 30 8785.54 3375.00 845.69 32.29 2.60 

3 15 15 15 30 8562.31 3375.00 878.60 33.56 2.54 

  Mean 8607.83 3375.00 846.28 32.48 2.55 

1 

28 

15 15 15 

0.49 

12% 

30 8456.45 3375.00 850.15 36.75 2.51 

2 15 15 15 30 8547.20 3375.00 844.35 35.38 2.53 

3 15 15 15 30 8945.74 3375.00 859.41 36.04 2.65 

  Mean 8649.80 3375.00 851.30 36.06 2.56 

C-25 12% Cement Reduced with 1.2% WRR Admixture 

No 

Test age 

(days) 

Dimensions 

(cm) 

W/C 

ratio 

Water 

reduction 

(%) Slump (mm) 

Weight 

(gm) 

Volume 

(cm3) 

Failure 

load (KN) 

Compressive 

Strength 

(Mpa) 

Unit 

Weight 

(gm/cm3) 

1 

7 

15 15 15 

0.49 

12% 
35 8254.49 3375.00 654.45 22.43 2.45 

2 15 15 15 35 8154.90 3375.00 612.54 21.15 2.42 

3 15 15 15 35 8458.59 3375.00 656.84 22.69 2.51 

  Mean 8289.33 3375.00 641.28 22.09 2.46 

1 

14 

15 15 15 

0.49 

12% 

35 8547.45 3375.00 804.69 31.21 2.53 

2 15 15 15 35 8475.56 3375.00 825.78 32.27 2.51 

3 15 15 15 35 8145.56 3375.00 838.45 33.45 2.41 

  Mean 8389.52 3375.00 822.97 32.31 2.49 

1 

28 

15 15 15 

0.49 

12% 

35 8512.30 3375.00 850.15 36.75 2.52 

2 15 15 15 35 8647.00 3375.00 844.35 35.38 2.56 

3 15 15 15 35 8556.00 3375.00 839.41 35.04 2.54 

  Mean 8571.77 3375.00 844.64 35.72 2.54 
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C-40 5% Cement Reduced with 0.5% WRR Admixture 

No 

Test age 

(days) 

Dimensions 

(cm) 

W/C 

ratio 

Water 

reduction 

(%) 

Slump 

(mm) 

Weight 

(gm) 

Volume 

(cm3) 

Failure 

load (KN) 

Compressive 

Strength 

(Mpa) 

Unit Weight 

(gm/cm3) 

1 

7 

15 15 15 

0.3 

5% 

100 8796.45 3375.00 869.56 38.98 2.61 

2 15 15 15 100 8213.25 3375.00 873.90 39.06 2.43 

3 15 15 15 100 8791.70 3375.00 889.21 39.73 2.60 

  Mean 8600.47 3375.00 877.56 39.26 2.55 

1 

14 

15 15 15 

0.3 

5% 

100 7963.50 3375.00 960.47 43.01 2.36 

2 15 15 15 100 8569.00 3375.00 1011.71 44.10 2.54 

3 15 15 15 100 8365.00 3375.00 1074.58 47.58 2.48 

  Mean 8299.17 3375.00 1015.59 44.90 2.46 

1 

28 

15 15 15 

0.3 

5% 

100 8679.40 3375.00 1289.25 49.22 2.57 

2 15 15 15 100 8324.25 3375.00 1354.74 51.20 2.47 

3 15 15 15 100 8974.25 3375.00 1387.15 51.73 2.66 

  Mean 8659.30 3375.00 1343.71 50.72 2.57 

C-40 5% Cement Reduced with 0.85% WRR Admixture 

No 

Test age 

(days) 

Dimensions 

(cm) 

W/C 

ratio 

Water 

reduction 

(%) 

Slump 

(mm) 

Weight 

(gm) 

Volume 

(cm3) 

Failure 

load (KN) 

Compressive 

Strength 

(Mpa) 

Unit Weight 

(gm/cm3) 

1 

7 

15 15 15 

0.3 

5% 

130 8796.00 3375.00 899.47 39.68 2.61 

2 15 15 15 130 8745.00 3375.00 850.21 38.03 2.59 

3 15 15 15 130 8796.41 3375.00 834.79 37.16 2.61 

  Mean 8779.14 3375.00 861.49 38.29 2.60 

1 

14 

15 15 15 

0.3 

5% 

130 7458.00 3375.00 1087.56 48.02 2.21 

2 15 15 15 130 7963.00 3375.00 998.54 43.67 2.36 

3 15 15 15 130 8796.21 3375.00 1025.74 44.25 2.61 

  Mean 8072.40 3375.00 1037.28 45.31 2.39 
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1 

28 

15 15 15 

0.3 

5% 

130 8793.00 3375.00 1358.45 50.89 2.61 

2 15 15 15 130 8475.65 3375.00 1516.57 53.67 2.51 

3 15 15 15 130 8623.00 3375.00 1648.83 54.73 2.55 

  Mean 8630.55 3375.00 1507.95 53.10 2.56 

C-40 5% Cement Reduced with 1.2% WRR Admixture 

No 

Test age 

(days) 

Dimensions 

(cm) 

W/C 

ratio 

Water 

reduction 

(%) 

Slump 

(mm) 

Weight 

(gm) 

Volume 

(cm3) 

Failure 

load (KN) 

Compressive 

Strength 

(Mpa) 

Unit Weight 

(gm/cm3) 

1 

7 

15 15 15 

0.3 

5% 

170 8145.56 3375.00 854.65 38.14 2.41 

2 15 15 15 170 8456.25 3375.00 894.69 39.56 2.51 

3 15 15 15 170 8796.24 3375.00 865.24 35.68 2.61 

  Mean 8466.02 3375.00 871.53 37.79 2.51 

1 

14 

15 15 15 

0.3 

5% 

170 8796.37 3375.00 1054.59 47.12 2.61 

2 15 15 15 170 8546.00 3375.00 1125.34 49.65 2.53 

3 15 15 15 170 8475.00 3375.00 995.60 43.45 2.51 

  Mean 8605.79 3375.00 1058.51 46.74 2.55 

1 

28 

15 15 15 

0.3 

5% 

170 8745.25 3375.00 1565.49 54.19 2.59 

2 15 15 15 170 8546.00 3375.00 1478.87 53.02 2.53 

3 15 15 15 170 8214.00 3375.00 1564.75 54.07 2.43 

  Mean 8501.75 3375.00 1536.37 53.76 2.52 

 

C-40 8% Cement Reduced with 0.5% WRR Admixture 

No 

Test age 

(days) 

Dimensions 

(cm) 

W/C 

ratio 

Water 

reduction 

(%) 

Slump 

(mm) 

Weight 

(gm) 

Volume 

(cm3) 

Failure 

load (KN) 

Compressive 

Strength 

(Mpa) 

Unit Weight 

(gm/cm3) 

1 

7 

15 15 15 

0.3 

8% 

90 8745.60 3375.00 924.56 41.59 2.59 

2 15 15 15 90 8954.21 3375.00 897.47 39.46 2.65 

3 15 15 15 90 8645.30 3375.00 904.25 40.08 2.56 

  Mean 8781.70 3375.00 908.76 40.38 2.60 
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1 

14 

15 15 15 

0.3 

8% 

90 8697.10 3375.00 1159.74 47.97 2.58 

2 15 15 15 90 8715.60 3375.00 1254.73 49.04 2.58 

3 15 15 15 90 8456.70 3375.00 1057.47 46.49 2.51 

  Mean 8623.13 3375.00 1157.31 47.83 2.56 

1 

28 

15 15 15 

0.3 

8% 

90 8254.00 3375.00 1744.27 57.00 2.45 

2 15 15 15 90 8964.00 3375.00 1587.58 54.66 2.66 

3 15 15 15 90 8745.15 3375.00 1645.87 56.59 2.59 

  Mean 8654.38 3375.00 1659.24 56.08 2.56 

C-40 8% Cement Reduced with 0.85% WRR Admixture 

No 

Test age 

(days) 

Dimensions 

(cm) 

W/C 

ratio 

Water 

reduction 

(%) 

Slump 

(mm) 

Weight 

(gm) 

Volume 

(cm3) 

Failure 

load (KN) 

Compressive 

Strength 

(Mpa) 

Unit Weight 

(gm/cm3) 

1 

7 

15 15 15 

0.3 

8% 

110 7985.24 3375.00 984.70 43.47 2.37 

2 15 15 15 110 8740.00 3375.00 1059.64 43.75 2.59 

3 15 15 15 110 8446.20 3375.00 905.47 40.16 2.50 

  Mean 8390.48 3375.00 983.27 42.46 2.49 

1 

14 

15 15 15 

0.3 

8% 

110 8741.00 3375.00 1247.57 48.51 2.59 

2 15 15 15 110 8941.00 3375.00 1247.97 49.17 2.65 

3 15 15 15 110 7958.20 3375.00 1148.27 46.63 2.36 

  Mean 8546.73 3375.00 1214.60 48.10 2.53 

1 

28 

15 15 15 

0.3 

8% 

110 8547.00 3375.00 1758.64 56.53 2.53 

2 15 15 15 110 7458.00 3375.00 1877.22 59.12 2.21 

3 15 15 15 110 8145.00 3375.00 1637.25 55.37 2.41 

  Mean 8050.00 3375.00 1757.70 57.01 2.39 

C-40 8% Cement Reduced with 1.2% WRR Admixture 

No 

Test age 

(days) 

Dimensions 

(cm) 

W/C 

ratio 

Water 

reduction 

(%) 

Slump 

(mm) 

Weight 

(gm) 

Volume 

(cm3) 

Failure 

load (KN) 

Compressive 

Strength 

(Mpa) 

Unit Weight 

(gm/cm3) 
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1 

7 

15 15 15 

0.3 

8% 

120 8794.21 3375.00 1002.24 43.61 2.61 

2 15 15 15 120 8145.56 3375.00 994.27 43.04 2.41 

3 15 15 15 120 8974.35 3375.00 974.58 42.01 2.66 

  Mean 8638.04 3375.00 990.36 42.89 2.56 

1 

14 

15 15 15 

0.3 

8% 

120 8446.24 3375.00 1221.47 48.81 2.50 

2 15 15 15 120 8792.24 3375.00 1294.07 48.89 2.61 

3 15 15 15 120 8347.12 3375.00 1354.80 49.52 2.47 

  Mean 8528.53 3375.00 1290.11 49.07 2.53 

1 

28 

15 15 15 

0.3 

8% 

120 8547.27 3375.00 1798.67 56.63 2.53 

2 15 15 15 120 8974.23 3375.00 1747.24 56.47 2.66 

3 15 15 15 120 8674.12 3375.00 1947.83 60.47 2.57 

  Mean 8731.87 3375.00 1831.25 57.86 2.59 

C-40 12% Cement Reduction with 0.5% WRR Admixture 

No 

Test age 

(days) 

Dimensions 

(cm) 

W/C 

ratio 

Water 

reduction 

(%) 

Slump 

(mm) 

Weight 

(gm) 

Volume 

(cm3) 

Failure 

load (KN) 

Compressive 

Strength 

(Mpa) 

Unit Weight 

(gm/cm3) 

1 

7 

15 15 15 

0.3 

12% 

23 8742.55 3375.00 844.72 33.76 2.59 

2 15 15 15 23 8947.14 3375.00 867.41 38.07 2.65 

3 15 15 15 23 8647.25 3375.00 854.49 34.11 2.56 

  Mean 8778.98 3375.00 855.54 35.31 2.60 

1 

14 

15 15 15 

0.3 

12% 

23 8645.20 3375.00 1005.49 43.51 2.56 

2 15 15 15 23 8412.64 3375.00 1027.58 44.64 2.49 

3 15 15 15 23 8778.14 3375.00 1131.54 47.26 2.60 

  Mean 8611.99 3375.00 1054.87 45.14 2.55 

1 

28 

15 15 15 

0.3 

12% 

23 8745.21 3375.00 1287.14 49.81 2.59 

2 15 15 15 23 8974.03 3375.00 1311.04 49.82 2.66 

3 15 15 15 23 8123.00 3375.00 1324.25 49.95 2.41 

  Mean 8614.08 3375.00 1307.48 49.86 2.55 
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C-40 12% Cement Reduced with 0.85% WRR Admixture 

No 

Test age 

(days) 

Dimensions 

(cm) 

W/C 

ratio 

Water 

reduction 

(%) 

Slump 

(mm) 

Weight 

(gm) 

Volume 

(cm3) 

Failure 

load (KN) 

Compressive 

Strength 

(Mpa) 

Unit Weight 

(gm/cm3) 

1 

7 

15 15 15 

0.3 

12% 

25 8796.24 3375.00 854.11 35.07 2.61 

2 15 15 15 25 8641.00 3375.00 844.24 34.68 2.56 

3 15 15 15 25 8614.21 3375.00 812.45 31.45 2.55 

  Mean 8683.82 3375.00 836.93 33.73 2.57 

1 

14 

15 15 15 

0.3 

12% 

25 8771.22 3375.00 994.23 43.07 2.60 

2 15 15 15 25 7996.30 3375.00 1054.47 46.39 2.37 

3 15 15 15 25 8552.00 3375.00 987.41 42.87 2.53 

  Mean 8439.84 3375.00 1012.04 44.11 2.50 

1 

28 

15 15 15 

0.3 

12% 

25 8415.51 3375.00 1295.74 49.06 2.49 

2 15 15 15 25 8631.00 3375.00 1315.47 49.88 2.56 

3 15 15 15 25 7894.00 3375.00 1285.45 48.78 2.34 

  Mean 8313.50 3375.00 1298.89 49.24 2.46 

C-40 12% Cement Reduced with 1.2% WRR Admixture 

No 

Test age 

(days) 

Dimensions 

(cm) 

W/C 

ratio 

Water 

reduction 

(%) 

Slump 

(mm) 

Weight 

(gm) 

Volume 

(cm3) 

Failure 

load (KN) 

Compressive 

Strength 

(Mpa) 

Unit Weight 

(gm/cm3) 

1 

7 

15 15 15 

0.3 

12% 

40 8241.20 3375.00 845.46 35.13 2.44 

2 15 15 15 40 7458.47 3375.00 835.10 33.29 2.21 

3 15 15 15 40 8641.00 3375.00 826.07 32.11 2.56 

  Mean 8113.56 3375.00 835.54 33.51 2.40 

1 

14 

15 15 15 

0.3 

12% 

40 8973.00 3375.00 990.14 43.21 2.66 

2 15 15 15 40 8215.64 3375.00 1011.21 44.24 2.43 

3 15 15 15 40 8147.22 3375.00 1003.24 42.46 2.41 
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  Mean 8445.29 3375.00 1001.53 43.30 2.50 

1 

28 

15 15 15 

0.3 

12% 

40 8562.21 3375.00 1245.89 48.81 2.54 

2 15 15 15 40 8745.21 3375.00 1145.27 47.49 2.59 

3 15 15 15 40 8987.00 3375.00 1346.30 49.65 2.66 

  Mean 8764.81 3375.00 1245.82 48.65 2.60 

APPENDIX III C:  Effect of WRR Admixture on Compressive Strength by Reducing Mixing Water 

Effect of 0.5% WRR Admixture on C-25 Concrete Grade Compressive Strength  

No 

Test age 

(days) 

Dimensions 

(cm) 

W/C 

ratio 

Water 

reduction 

(%) 

Slump 

(mm) 

Weight 

(gm) 

Volume 

(cm3) 

Failure 

load (KN) 

Compressive 

Strength 

(Mpa) 

Unit 

Weight 

(gm/cm3) 

1 

7 

15 15 15 

0.43 

5.99% 

149 8512.25 3375.00 469.25 19.85 2.52 

2 15 15 15 149 8645.29 3375.00 542.50 21.25 2.56 

3 15 15 15 149 8435.24 3375.00 485.26 20.56 2.50 

  Mean 8530.93 3375.00 499.00 20.55 2.53 

1 

14 

15 15 15 

0.43 

5.99% 

149 7895.84 3375.00 653.00 29.02 2.34 

2 15 15 15 149 8542.65 3375.00 745.25 31.69 2.53 

3 15 15 15 149 8235.14 3375.00 798.25 32.37 2.44 

  Mean 8224.54 3375.00 732.17 31.03 2.44 

1 

28 

15 15 15 

0.43 

5.99% 

149 8245.67 3375.00 836.41 37.45 2.44 

2 15 15 15 149 8475.63 3375.00 845.79 38.06 2.51 

3 15 15 15 149 8274.00 3375.00 877.17 39.42 2.45 

  Mean 8331.77 3375.00 853.12 38.31 2.47 

Effect of 0.85% WRR Admixture on C-25 Concrete Grade Compressive Strength 

No 

Test age 

(days) 

Dimensions 

(cm) 

W/C 

ratio 

Water 

reduction 

(%) 

Slump 

(mm) 

Weight 

(gm) 

Volume 

(cm3) 

Failure 

load (KN) 

Compressive 

Strength 

(Mpa) 

Unit Weight 

(gm/cm3) 

1 7 15 15 15 0.42 7.73% 149 8569.53 3375.00 545.56 21.36 2.54 
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2 15 15 15 149 8455.45 3375.00 598.25 23.56 2.51 

3 15 15 15 149 8632.20 3375.00 576.24 22.20 2.56 

  Mean 8552.39 3375.00 573.35 22.37 2.53 

1 

14 

15 15 15 

0.42 

7.73% 

149 8654.12 3375.00 745.56 31.79 2.56 

2 15 15 15 149 8654.25 3375.00 789.54 32.65 2.56 

3 15 15 15 149 8745.65 3375.00 765.32 32.25 2.59 

  Mean 8684.67 3375.00 766.81 32.23 2.57 

1 

28 

15 15 15 

0.42 

7.73% 

149 8547.00 3375.00 875.61 39.73 2.53 

2 15 15 15 149 8947.55 3375.00 879.24 39.94 2.65 

3 15 15 15 149 7892.14 3375.00 838.30 37.65 2.34 

  Mean 8462.23 3375.00 864.38 39.11 2.51 

Effect of 1.2% WRR Admixture on C-25 Concrete Grade Compressive Strength 

No 

Test age 

(days) 

Dimensions 

(cm) 

W/C 

ratio 

Water 

reduction 

(%) 

Slump 

(mm) 

Weight 

(gm) 

Volume 

(cm3) 

Failure 

load (KN) 

Compressive 

Strength 

(Mpa) 

Unit Weight 

(gm/cm3) 

1 

7 

15 15 15 

0.41 

11.32% 

150 8654.45 3375.00 595.16 23.05 2.56 

2 15 15 15 150 8547.24 3375.00 585.47 22.86 2.53 

3 15 15 15 150 8753.56 3375.00 609.45 23.12 2.59 

  Mean 8651.75 3375.00 596.69 23.01 2.56 

1 

14 

15 15 15 

0.41 

11.32% 

150 8654.78 3375.00 796.54 32.87 2.56 

2 15 15 15 150 8547.25 3375.00 787.54 32.55 2.53 

3 15 15 15 150 8664.21 3375.00 804.52 33.09 2.57 

  Mean 8622.08 3375.00 796.20 32.84 2.55 

1 

28 

15 15 15 

0.41 

11.32% 

150 8745.25 3375.00 884.54 40.11 2.59 

2 15 15 15 150 8479.62 3375.00 877.41 39.85 2.51 

3 15 15 15 150 8796.14 3375.00 874.48 39.64 2.61 

  Mean 8673.67 3375.00 878.81 39.87 2.57 
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Mean Value of Compressive Strength Test for C-25 Concrete grade 

Admixture 

Dosage Rate 

W/C ratio Water 

reduction 

(%) 

Slump 

(mm) 

7th days 14th days 28th days 

Failure Load 

(KN) 

Comp. Strength 

(MPa) 

Failure Load 

(KN) 

Comp. Strength 

(MPa) 

Failure 

Load (KN) 

Comp. 

Strength 

(MPa) 

0% 0.49 0 150 439.83 16.44 813.73 30.61 884.70 37.68 

0.5% 0.43 5.99 149 499.00 20.55 732.17 31.03 853.12 38.31 

0.85% 0.42 7.73 149 573.35 22.37 766.81 32.23 864.38 39.11 

1.2% 0.41 11.32 150 596.69 23.01 796.20 32.84 878.81 39.87 

APPENDIX III D:  Effect of WRR Admixture on Permeability Test  by Reducing Mixing Water 

Admixture Dosage Water Penetration Depth (mm) 

Minimum Mean Maximum 

0% WRR Admixture 18.33 22.98 27.64 

0.5% WRR Admixture 12.67 17.21 21.76 

0.85% WRR Admixture 9.54 12.43 15.33 

1.2% WRR Admixture 8.54 10.94 13.35 
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APPENDIX IV: SAMPLE PHOTO GALLERY TAKEN DURING THE 

RESEARCH 

 

   

Water Reducing and Retarding Admixture Sample 

 

 

Unit Weight for Fine and Coarse Aggregate 
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 Cement Sample 

 

Consistency of Hydraulic Cement Test 

 
Sample Ready under Oven (Moisture Content Test)  
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Specific Gravity and Absorption Test for Coarse Aggregate 

  

Sample Quartering for Coarse Aggregate And Graded Fine Aggregate Sample 
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Sieves Shaker with series of sieves for Fine and Coarse Aggregate 

 

Concrete Mixer and Concrete Ingredient Ready for Mixing 



115 | P a g e  

 

 

Concrete Slump Test 

 

 

                          

Sample under Curing                                                           Sample under Load 
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Mould tightening and loosening tools 

 

   Water penetrated sample                    Sample after splitting 

 

Casted concrete sample           


