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Abstract 

 Concrete is a product mainly made from cement, aggregates, water and an additional important 

material is called Admixtures. Superplasticizer is one of the types of admixtures and attention 

has been given to the use of superplasticizers to enhance the performance of concrete. Such 

efforts have increased in Ethiopia and superplasticizer designated as SP60 is currently produced 

and mainly used in many construction activities.  

The present work is aimed at studying on the behavior of plain concrete using different dosages 

of SP60 under different curing conditions for concrete grade C-30 and at constant water cement 

ratio of 0.45. Experimental tests on 135 standard samples for concrete grade C-30 are carried out 

to evaluate the effect of the superplasticizer on concrete compressive, splitting tensile and 

flexural strength under different curing conditions and at an ambient temperature and humidity 

of 20.1°c and 73% respectively. The optimum dosage of SP60 has been obtained for each 

strength test. It is observed that concrete cured in water for 28 days showed maximum 

compression and tensile strength with the addition of 1.5% SP60 and maximum flexural strength 

at 1% for curing condition (CC1).  

 

Keywords: Superplasticizer (SP60), Curing, Workability, Strength, slump 
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CHAPTER ONE 

1. Introduction 

1.1 Background of the study 

 
Now a day, construction industry in Ethiopia is increasing enormously resulting in an increase in 

the use of construction materials. The use of concrete has its own effect on the overall economy 

of the construction industry and its economy is highly affected by the components of concrete. 

Concrete is material made of cement, sand and aggregate materials with or without any 

modifications with admixtures. Admixtures interact chemically with ingredients of concrete and 

affect its performance in the fresh and hardened state. From these admixtures, superplasticizer, 

which is water reducing admixture, is very important to increase workability of concrete with 

low water to cement ratio. Former researches have shown that superplasticizers play a very 

important role in enhancing the strength properties of concrete.  It has been stated that using 

superplasticizer significantly increases the strength of concrete with a certain limitations (Mario 

Collepardi.2005). In line with this investigation, it was also suggested that superplasticizers are 

playing an important role in the present development of high and ultra-high performance 

concretes (V.Morin et al.). On the other hand, it was found that the dispersion of cement 

particles and hydration process due to superplasticizers results in fluidity and slump loss of 

concrete (S.Chandra, Bjornstrom and Omar S. Baghabra et al). It has been also investigated 

that the coupled effect of time and high temperature on the time dependent rheological behavior 

of cement paste incorporating chemical admixtures is critical for hot weather concreting 

applications (S.Al Martini, M. Nehdi). Here, the paper stated that the rheological parameters 

like yield stress, plastic viscosity and thixotropic of concrete will be affected in elevated 

temperature for long time when superplasticizer is used in the mix. When modifications are 

made, this concrete will get more strength and changed to High performance concrete and Ultra-

high performance concrete. As presented earlier, superplasticizer plays an important role in 

concrete strength enhancing reaction mechanisms where superplasticizer facilitates the reaction 

of silica fume by increasing concrete ingredient‘s surface lubrication and lowering water surface 

tension (V.Morin et al.). 
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Curing is the process of controlling the rate and extent of moisture loss from concrete during 

cement hydration. It relay be either after it has been placed in position or during the manufacture 

of concrete products. It has been stated that concrete properties and durability are significantly 

influenced by curing since it greatly affects the hydration of cement. The hydration of cement 

virtually ceases when the relative humidity within capillaries drops below 80% (Neville, 1996). 

If a concrete is not fed with water at the early age, it cannot gain the properties and durability for 

its long service life. Other researchers had shown that if a concrete is not well cured, particularly 

at the early age, it will not gain the properties and durability at desired level due to a lower 

degree of hydration, and would suffer from irreparable loss (Ramezanianpour & Malhotra, 

1995). Procedures and methods of experimental conducting this thesis had been referred and 

adopted from previous research (SNR Shah et al., 2014)  

Presently, the need of optimum and rapid construction has given rise to the use of chemical 

admixtures. Among these admixtures, particularly, superplasticizer (SP60) has a great market 

nowadays of concrete structures in terms of higher strength, longer durability, lower shrinkage 

and safer placement particularly in elements with very congested reinforcements, and it is one of 

the major issues of a freshly prepared concrete, which can be enhanced by superplasticizer. 

Currently in construction industry of Ethiopia, there is use of chemical admixtures with different 

dosages. Ethiopia has different climatic conditions so that the effect of different dosages of 

superplasticizers on the behavior and concrete performance at different curing conditions shall be 

investigated. 

 

1.2 Statement of the problem 

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

compaction, curing conditions and admixtures used during concreting process. In modern days, 

the need of optimum and rapid construction has given rise to the use of chemical admixtures. 

Among these admixtures, particularly, superplasticizer (SP60) has a great market nowadays of 

concrete structures in terms of higher strength, longer durability, lower shrinkage and safer 

placement particularly in elements with very congested reinforcements, and it is one of the major 

issues of a freshly prepared concrete, which can be enhanced by superplasticizer. Currently in 

construction industry of Ethiopia, there is use of chemical admixtures with different dosages. 
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Since Ethiopia has different climatic conditions, it needs a study on the effect of different 

dosages of superplasticizers on the behavior and concrete performance at different curing 

conditions and Temperatures. Also it requires determining the optimum dosage of SP60 to get 

high strength of concrete. 

 

1.3  Objective   

1.3.1 General Objective  

 To investigate the effect of SP60 on the behavior of concrete using different dosages of 

SP60 under different curing conditions.  

1.3.2 Specific Objectives 

 To examine the effect of SP60 on the behavior of fresh and hardened concrete. 

 To evaluate the effect of different curing practices on the strength of concrete.  

 To determine the optimum dosages of SP60 added to achieve better strength for a given 

ambient temperature. 

1.4 Research Questions 

 Do SP60 have significant effect on the behavior of fresh and hardened concrete and 

setting time of concrete paste?\ 

 Is there any correlation between concrete with SP60 and without SP60 in terms of 

strength? 

 Does percentage of SP60 affect the strength of concrete? 

 Do curing conditions have significant effect on the strength of concrete? 
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1.5. Significance of the study  

The significance of this particular work is to investigate the influence of superplasticizers (SP60) 

dose and curing conditions on the performance of grade C-30 concrete. The experimental tests 

for the hardened concrete would be studied and the results are compared with the normal 

concrete strength. Comparing the experimental test results of hardened concrete with SP60 vs. 

the normal concrete in order to use economical mix design and increase the demand of SP60. 

The tests considered for this study were compressive strength test, tensile strength test, and 

flexural strength test. 

Therefore, this study has a greater significance to create clear understanding for those involved 

in the modern construction industries on how to use the optimum dosage of superplasticizers for 

different grades of concrete in order to achieve better strength depending on the ambient 

temperature and humidity of the area.  

1.6 Scope and limitation of the Study 

This thesis focuses mainly on the behavior of plain concrete using different dosages of 

superplasticizers under different curing conditions. To carry out the study on the behavior of 

plain concrete, a C-30 grade of concrete has been chosen and experimentally investigated. The 

performance of superplasticizers is also affected by temperature and humidity of the 

environment. Since Ethiopia has different climatic conditions, the performance of 

superplasticizer (SP60) on the strength of harden concrete is going to be varied at different 

curing conditions. Optimum dosage of superplasticizer (SP60) for C-30 concrete varies as 

temperature and humidity varies. However; in this study, the effect of SP60 superplasticizer on 

the behavior of plain concrete using different dosages under different curing conditions has been 

investigated for an average ambient temperature and humidity of 20.1  and 73% respectively. 

Although there are many superplasticizers types and used in many construction, in this research, 

only SP60 superplasticizer type has been used to investigate the effect on the behavior  and 

performance of plain concrete because it is a product of Ethiopia and easily available in the 

market and widely used by many contractors in the modern construction industry. 
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CHAPTER TWO 

Literature Review 

  2. Introduction 

 

2.1 Concrete 

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

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

into a rock like mass as the paste hardens because of the chemical reaction of the cement and 

water. This concrete gains its strength without modifying the mix with admixtures other than 

cement, sand and aggregates. When modifications are made, this concrete will be changed in 

high performance concrete and Ultra-high performance concrete. As presented, superplasticizer 

plays an important role in concrete strength enhancing reaction mechanisms (V.Morin et al.). In 

line with this, it was also confirmed that superplasticizers are some the most important 

admixtures that change the rheological properties of concrete to enhance strength properties of 

concrete (Collepardi et al, 2005). Silica fume is also other admixture that is used as filler 

material in concrete where cement is limited to fill the voids. By filling inter micro spaces; silica 

fume increases the density of concrete that in turn increases the strength of concrete. Through 

this mechanism, the ordinary concrete will be enhanced to change its properties in high 

performance manner and further improvement in curing mechanism may change ordinary 

concrete to Ultra-high performance concrete.  

       2.2. Chemical Admixtures 

Chemical admixtures are natural or manufactured chemicals added to concrete before or after  

Mixing. They're  used  to  mitigate difficult  construction  situations  or  to  give  fresh  or  set  

Concrete certain properties. Admixtures can augment the workability, durability and strength  

of concrete, and resolve challenges presented by hot and cold temperatures, early-strength  

Requirements or low water-to-cement specifications. Admixtures can be classified by function as 

follows:  

           1. Air-entraining admixtures 

           2. Water-reducing admixtures  

           3. Plasticizers (Superplasticizers) 
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           4. Accelerating admixtures 5. Retarding admixtures  

           6. Hydration-control admixtures 

           7. Corrosion inhibitors 

           8. Shrinkage reducers  

           9. Alkali-silica reactivity inhibitors 

           10. Coloring admixtures  

            11. Miscellaneous admixtures such as workability, bonding, damp proofing, permeability 

reducing, grouting, gas-forming, ant washout, foaming, and pumping admixtures 

  

                                    Figure 2.1 Liquid admixtures   

Currently there are different chemical admixtures used in concrete industry. Some of them are 

Superlasticizers, Accelerators, Silica fume, and corrosion inhibitors. Admixtures are used in 

concrete for the following purposes: 

 To increase the strength of concrete  

 To accelerate the initial setting time of 

concrete  

 To retard the initial setting time of 

concrete  

 To improve workability of concrete  

 To increase durability of concrete  

 To reduce heat of hydration  

 To make light weight concrete  

 To reduce permeability of concrete  

 To control the alkali-aggregate expansion  

 To increase the resistance to sulphate 

attack  

 To increase the bond between old and new 

concrete  

 To increase the bond between concrete and 

steel reinforcement  
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 To reduce segregation and bleeding of 

concrete  

 To produce colored concrete or mortar  

 To control the corrosion of concrete

    2.3 Superplasticizers 

Superplasticizers are the most chemical admixtures used in concrete to increase workability and 

reduce water cement ratio in turn increases the strength of the concrete. Superplasticizers play an 

important role in the field of concrete structures in terms of higher strength, longer durability, 

lower shrinkage and safer placement particularly in elements with very congested reinforcements 

(Collepardi et al, 2005). It was also suggested that superplasticizers are playing an important 

role in the development of high and ultra-high performance concretes (V.Morin et al). Three 

different categories to check the chemical affects that can perturb the performance of 

superplasticizer. They found that at equal dosage of all the three categories, larger cement 

quantity covered relatively small surface area. Hence, produced poor workability until 

superplasticizer was added (Flatt and Houst, 2001). It was also studied the sulfonated melamine 

formaldehyde condensate effect on concrete. They studied the influence of variation in dosage 

quantity and number of superplasticizer addition. They also emphasized on settlement duration 

of superplasticizer. They recommended high dosages after an experiment in which lower dosage 

did not produce any significant effect. They also recommended late mixing and double dosage of 

superplasticizer (Ravina and Mor, 1986). Again another conclusion also made that the 

superplasticizers reduce the percentage of openings. These chemicals increase the efficiency of 

the openings, keeping the size of hole remain same (Khatib and Mangat, 1999).  A book which 

was presented by another researcher explains about the properties and applications of 

superplasticizers in concrete, mainly focusing on the advantages of superplasticizers. He put 

forwarded a theory that these chemicals substantially scatter the particles of cement. In his 

support, he referred to an inspection of cement particles which revealed that after the mixing of 

water and cement, massive clusters are formed. Superplasticizers break these clusters into tiny 

particles (Ramachandran V S, 1995).   

A worthy of note research was performed and he tried to find out an on-site solution to restore 

concrete its initial slump. He used water and superplasticizer to re-temper concrete and compared 

the results. The concrete re-tempered with a superplasticizer yielded significantly higher strength 

regardless of the mixing duration (Erdogdu S, 2005).   
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The workability of concrete depends on the following factors: initial slump, type and amount of 

cement, type and dosage of superplasticizer, time of addition of superplasticizer, temperature, 

relative humidity, mixing conditions (total mixing time, type of mixer, and mixer speed), and 

presence of other admixtures( Agarwal, S.K.and Masood, 2000).  

2.4 The effect of superplasticizer on strength properties of concrete 

The effect of superplasticizers in concrete mix is primarily the dispersion of cement particles and 

hydration process. Have found that the dispersion of cement particles and hydration process 

results in fluidity and slump loss of concrete which is the effect superplasticizers (S.Chandra, 

Bjornstrom and Omar S. Baghabra et al). It has been also shown that the use of 

superplasticizer lowers the surface tension of water; its addition to water increases the 

penetration of the fluid in fine solid particles that can fully hydrate the paste. Here, it was 

realized that by using small amount of superlasticizers one can obtain a better pumping behavior 

for better shuttering or mold injection and a high strength final concrete(V.Morin et al).  

 2.5 The effect of time and temperature on concrete with superplasticizers 

New concrete blends ordinarily encounter continuous hardening and drop misfortune with time. 

At moderate temperature these don‘t make genuine challenges and concrete stay workable long 

enough. In any case, hot situations cause genuine problems. Expanding the workability of 

concrete for long time in hot temperature is possible by including superplasticizer within the 

blend. The paper found that the rheological parameters like yield stress, plastic viscosity and 

thixotropic will be influenced in hoisted temperature for long time. Another finding has 

moreover affirmed the impact of superplasticizers on rheological parameters like yield stress, 

plastic viscosity of concrete glue (Min-Hong Zhang et al.). 

In moderate temperatures, superplasticizer influences the setting time of concrete. In case an 

accelerator like silica rage cement isn't utilized, the early age strength of concrete couldn‘t 
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achieve the anticipated strength of concrete without superplasticizer at the same temperature. 

 

          Figure 2.2 Schematic diagram of the effect of superplasticizers   

2.5.1 Effect of temperature on concrete 

 It may be a widespread reality that with the rise of curing temperature, the chemical activity of 

hydration quickens. During, putting and setting of concrete beneath high temperature, the 

strength of concrete increases quickly at early age. But, after 7 days beneath high temperature, 

the strength of concrete begins decreasing. This is often due to powerless production of quick 

early hydration. Such products ended up permeable which remains empty. Moreover products of 

fast hydration may not be consistently disseminated in solidified concrete. Such local weak parts 

in solidified concrete decrease bond strength of cement glue. 

A researcher studied the solidifying of concrete beneath high temperature have moreover 

uncovered that during few early days, quality increments quickly. In any case, after 1 to 4 weeks 

the high temperature had unfavorable impacts on strength of concrete (Price, W.F. 1992). It was 

also confirmed that there's an optimum temperature beneath which higher strength of concrete is 

gotten. Optimum temperature to get high quality utilizing standard Portland cement and adjusted 

Portland cement is 18° C. Be that as it may, for fast solidifying cement, the optimum temperature 

to get most extreme strength is 4° C (Klieger, P., 1958). A critical study was performed to 

explore the changing temperature and moisture impact on mechanical properties of concrete. 
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This comes about, shown that concrete strength and moduli of elasticity are conversely related to 

temperature and moisture content. Modulus of elasticity was found relative to concrete 

compressive strength in both temperature and moisture testing (Shoukry et al., 2011). 

 There was a comparison made that, there is a difference in laboratory and field conditions, so 

hot weather has different effects on strength of hardened concrete. During hot weather, other 

factors effecting strength are humidity, sun rays radiation, velocity of air and curing methods. 

The concrete quality depends on its own temperature more than the surrounding temperature 

(Mirza et al., 1991). 

  2.6 Workability of Concrete  

    2.6.1 General: 

As per characterization of Neville & Brooks (2010), Workability of concrete is the sum of 

valuable internal work fundamental to create full compaction. The valuable internal work may be 

a physical property of concrete alone and is the work or energy required to overcome the internal 

contact between the individual particles in the concrete. 

Slump Test: 

  The slump test is the foremost well-known and broadly utilized test strategy to characterize the 

workability of new concrete. The cheap test, which measures consistency, is utilized on work 

sites to decide quickly whether a concrete batch ought to be accepted or rejected. The test 

strategy is broadly standardized all through the world, including in ASTM C143 within the 

United States.  

The device comprises of a mold within the shape of a frustum of a cone with a base diameter of 

200±1mm, a top breadth of 100±1mm, and a height of 300±1mm. The mold is filled with 

concrete in three layers of rise to volume. Each layer is compacted with 25 strokes of a tamping 

bar. The slump cone mold is lifted vertically upward and there is will be a change in height of the 

concrete is measured (Neville & Brooks, 2010). 

Four types of slumps are commonly encountered, as shown in Tale 2-6. The only type of slump 

permissible under ASTM C143 is frequently referred to as the ―true‖ slump, where the concrete 

remains intact and retains a symmetric shape. A zero slump and a collapsed slump are both 

outside the range of workability that can be measured with the slump test. Specifically, ASTM 
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C-143 advises carefully in interpreting test results less than 12.5mm and greater than 225mm. If 

part of the concrete shears from the mass, the test must be repeated with a different sample of 

concrete. A concrete that exhibits a shear slump in a second test is not sufficiently cohesive and 

should be rejected (Wilby C B, 1991).  

Degree of Workability Slump9mm) Application 

Very Low 

 

0 - 25 Vibrated concrete in Roads or other large 

sections 

Low 25 - 50 Mass concrete foundation without 

vibration. 

Simple reinforced section with vibration. 

Medium 50 - 100 Normal reinforced work without vibration 

and heavily reinforced sections with 

vibration. 

High 100 - 180 Sections with congested reinforcements. 

Not normally suitable for vibration.  

                 Degree of Workability and Slump (Source: Neville & Brooks, 2010) 

 
                             Figure 2.3 Apparatus for Slump test  
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                                  Figure 2.4 Types of Slump   

2.7 Curing of Concrete 

Curing is the maintenance of a palatable moisture substance and temperature in concrete for a 

period of time promptly taking after putting and finishing so that the required properties may 

develop. The requirement for satisfactory curing of concrete cannot be overemphasized. Curing 

contains a strong impact on the properties of solidified concrete; appropriate curing will increase 

durability, strength, water snugness, scraped area resistance, volume steadiness, and resistance to 

solidifying and defrosting and deicers. Uncovered slab surfaces are particularly sensitive to 

curing as quality advancement and freeze-thaw resistance of the top surface of a slab can be 

decreased significantly when curing is imperfect.  

When Portland cement is blended with water, a chemical reaction called hydration takes place. 

The degree to which this reaction is completed impacts the strength and durability of the 

concrete. Naturally blended concrete regularly contains more water than is required for hydration 

of the cement; in any case, excessive misfortune of water by dissipation can delay or prevent 

satisfactory hydration. The surface is especially vulnerable to inadequately hydration since it 

dries to begin with. In the event that temperatures are favorable, hydration is relatively fast the 

first few days after concrete is placed; in any case, it is critical for water to be held within the 

concrete during this period, that's , for dissipation to be avoided or significantly decreased 

(Michigan, 1997). 

 With proper curing, concrete becomes stronger, more impermeable, and more resistant to stress, 

abrasion, and freezing and thawing. The improvement is rapid at early ages but continues more 

slowly thereafter for an indefinite period. Fig 2.5 shows the strength gain of concrete with age 

for different moist curing periods and Fig. 2.6 shows the relative strength gain of concrete cured 

at different temperatures. 
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                         Figure 2.5 Effect of moist curing time on strength     

 

            

                          Figure 2.6 Effect of curing temperature on strength   

 

The most effective method for curing concrete depends on the materials used, method of 

construction, and the intended use of the hardened concrete. For most jobs, curing generally 
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involves applying curing compounds, or covering the freshly placed and finished concrete with 

impermeable sheets or wet burlap. In some cases, such as in hot and cold weather, special care 

using other precautions is needed.  

Concrete blends with high cement substance and low water-cement proportions (less than 0.40) 

may require uncommon curing needs. As cement hydrates (chemically combining with water) 

the inside relative mugginess diminishes causing the glue to self-desiccate (dry out) in case no 

outside water is given. The glue can self-desiccate to a level where hydration stops. This may 

impact craved concrete properties, particularly on the off chance that the inside relative 

mugginess drops underneath 80% inside the primary seven days. In see of this, membrane-

forming curing compounds may not retain sufficient water within the concrete. In this manner, 

hazing and damp curing have gotten to be vital to maximize hydration (Copeland and Bragg, 

1955). Misting amid and after putting and wrapping up too makes a difference minimize plastic 

breaking in concretes with exceptionally moo water-cement proportions (particularly around 

0.30 or less). 

When moist curing is interrupted, the development of strength continues for a short period and 

then stops after the concrete‘s internal relative humidity drops to about 80%. However, if moist 

curing is resumed, strength development will be reactivated, but the original potential strength 

may not be achieved. Even though it can be done in a laboratory, it is very hard to re-saturate 

concrete in the field. Hence, it is best to moist-cure the concrete continuously from the time it is 

placed and finished until it has gained sufficient strength, impermeability, and durability. 

Misfortune of water will moreover cause the concrete to recoil, in this way making ductile 

stresses inside the concrete. On the off chance that these stresses create some time recently the 

concrete has achieved satisfactory ductile quality, surface breaking can result. All uncovered 

surfaces, counting uncovered edges and joints, must be ensured against dampness dissipation. 

Hydration continues at a much slower rate when the concrete temperature is moo. Temperatures 

underneath 10°C (50°F) are unfavorable for the advancement of early quality; underneath 4°C 

(40°F) the improvement of early quality is incredibly impeded; and at or underneath solidifying 

temperatures, down to -10°C (14°F), small or no quality creates (Hanson, J., 1963). 

In later a long time, a development concept has been presented to assess the development of 

quality when there's variety within the curing temperature of the concrete. Development is the 
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item of the age of the concrete and its normal curing temperature over a certain base temperature. 

It takes after that concrete ought to be protected so that its temperature remains favorable for 

hydration and moisture isn't misplaced amid the early hardening period. 

2.7.1 Curing methods and materials 

As categorized Concrete can be kept wet (and in a few cases at a favorable temperature) by three 

curing strategies:  

 1. Strategies that keep up the presence of blending water within the concrete during the early 

solidifying period. These incorporate ponding or submersion, showering or misting, and soaked 

wet covers. These strategies bear a few cooling through dissipation, which is advantageous in hot 

weather.  

 2. Strategies that decrease the loss of blending water from the surface of the concrete. This will 

be done by covering the concrete with impenetrable paper or plastic sheets, or by applying 

membrane-forming curing compounds.  

3. Strategies that accelerate quality gain by providing warm and extra dampness to the concrete. 

Typically as a rule fulfilled with live steam, warming coils, or electrically warmed shapes or 

cushions. The strategy or combination of strategies chosen depends on components such as 

accessibility of curing materials, estimate, shape, and age of concrete, generation offices (in put 

or in a plant), 

2.7.1.1 Ponding and Immersion 

 On level surfaces, such as asphalts and floors, concrete can be cured by ponding. Soil or sand 

dikes around the border of the concrete surface can hold a lake of water. Ponding is an perfect 

strategy for anticipating misfortune of dampness from the concrete; it is additionally successful 

for maintaining a uniform temperature within the concrete. The curing water ought to not be 

more than about 11°C (20°F) cooler than the concrete to anticipate warm stresses that might 

result in splitting. Since ponding requires significant labor and supervision, the method is for the 

most part utilized as it were for little jobs (ACI Committee 308, 1997).  

The foremost intensive strategy of curing with water comprises of total immersion of the finished 

concrete element. This strategy is commonly utilized within the laboratory for curing concrete 

test examples. Where appearance of the concrete is critical, the water utilized for curing by 
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ponding or submersion must be free of substances that will recolor or discolor the concrete. The 

material utilized for barriers may too discolor the concrete. 

Fogging and Sprinkling 

 Hazing and sprinkling with water are amazing strategies of curing when the surrounding 

temperature is well above solidifying and the humidity is moo. A fine mist fog is regularly 

connected through a framework of spouts or sprayers to raise the relative mugginess of the over 

flatwork, hence abating evaporation from the surface. Misting is connected to play down plastic 

shrinkage splitting until wrapping up operations are total. Once the concrete has set adequately to 

avoid water disintegration, standard garden sprinklers are successful in the event that great scope 

is given and water runoff is of no concern. Soaker hoses are valuable on surfaces that are vertical 

or about so. The taken a toll of sprinkling may be an impediment. The strategy requires a 

plentiful water supply and cautious supervision. In case sprinkling is done at interims, the 

concrete must be anticipated from drying between applications of water by utilizing burlap or 

comparable materials; something else interchange cycles of wetting and drying can cause surface 

crazing or break(ACI Committee 308, 1997) 

Steam Curing 

 Steam curing is beneficial where early quality gain in concrete is imperative or where extra 

warm is required to achieve hydration, as in cold climate. Two strategies of steam curing are 

utilized: live steam at atmospheric pressure (for encased cast-in-place structures and expansive 

precast concrete units) and high-pressure steam in autoclaves (for little fabricated units). 

 An ordinary steam-curing cycle comprises of (1) a starting delay earlier to steaming, (2) a period 

for expanding the temperature, (3) a period for holding the most extreme temperature steady, and 

(4) a period for diminishing the temperature. 

 Steam curing at atmospheric pressure is by and large wiped out a walled in area to play down 

dampness and warm misfortunes. Coverings are as often as possible utilized to create the walled 

in area. Application of steam to the walled in area ought to be deferred until introductory set 

happens or deferred at slightest 3 hours after last arrangement of concrete to permit for a few 

solidifying of the concrete. In any case, a 3- to 5- hour delay period prior to steaming will 

achieve maximum early strength. 
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Steam temperature within the walled in area ought to be kept at about 60°C (140°F) until the 

required concrete quality has developed. Quality will not increment essentially in case the most 

extreme steam temperature is raised from 60°C to 70°C (140°F to 160°F). Steam-curing 

temperatures over 70°C (160°F) ought to be avoided; they are uneconomical (Hanson, J. A, 

1965) 

2.8. Compressive Strength of Concrete  

2.8.1 General 

 The quality of a material is characterized as the capability of the fabric to stand up to stress 

without disappointment (Fulton, 2009). The quality of solidified concrete is essential in 

structural plan, and is broadly utilized as a list to foresee other concrete properties.  

The compressive quality of concrete is one of the foremost vital and valuable properties of 

concrete. The essential reason for plan concrete is to stand up to compressive quality in auxiliary 

individuals, in common is the characteristic fabric esteem for classification of concrete. Strength 

of concrete is the commonly considered its most important property, in spite of the fact that in 

numerous down to earth cases other characteristic, such as toughness and impermeability, may in 

truth be more. Be that as it may, quality ordinarily gives and by and large picture of the quality 

of concrete since quality is straightforwardly related to the structure of the solidified cement glue 

(Neville, 1999).  

In expansion to this, Strength is more often than not the premise for acknowledgment or 

dismissal of the concrete within the structure. The details or code assign the quality (about 

continuously compressive) required of the concrete within the a few parts of the structure. It is 

utilized in dams, establishments, columns, curves & burrow linings where the central stacking is 

in compression.  

Strength is most of the time decided by implies of test either barrels and cubic test made of new 

concrete on the work tried in compression and malleable at different ages. The necessity is 

certain quality at an age of 28 days or such prior age as the concrete is to get its full benefit stack 

or most extreme stretch. 



  

17 
 

2.8.2 Factors that affect the strength of concrete  

There are a large number of factors that influence the quality of soft and harden concrete. The 

most common components that are likely to impact the quality of concrete are: 

2.8.2.1 Porosity 

 All concrete is permeable to a few degrees, basically since of abundance water within the 

concrete blend. More water is included to concrete than is essential for hydration in arrange to 

realize worthy workability.  

 It is this overabundance water that remains unreacted within the concrete and comes about in 

pores (Fulton, 2009). Pores present blemishes into the concrete lattice, whereby stretch isn't 

exchanged through the pores but through the adjoining concrete. This comes about in localized 

regions of higher stretch than the encompassing concrete. At tall stretch, disappointment begins 

at these localized regions of expanded push. Quality in this manner diminishes with expanding 

porosity (Fulton, 2009). 

 2.8.2.2 Water Cement Ratio 

The ratio of the weight of water to the weight of cement is called Water/Cement ratio. It is the 

most important factor for gaining the strength of concrete. The lower w/c ratio leads the higher 

strength of concrete. Generally, the water/cement ratio of 0.45 to 0.60 is used. Too much water 

leads to segregation and voids in concrete. Water/Cement ratio is inversely proportional to the 

strength of concrete. As shown in the chart below when the w/c ratio is increased the strength of 

concrete gets decreased and when w/c ratio is decreased then the strength of concrete increases.  

(Javed Mallick, 2014) 



  

18 
 

 

           Figure 2. 7 Compressive strength of concrete Vs water cement ratio   

2.8.2.3 Compaction of Concrete 

Compaction of concrete increases the density of the concrete because it is the process in which 

air voids are removed from freshly placed concrete which makes the concrete compact and 

dense. The presence of air voids in concrete greatly reduces its strength .Approximately 5 % of 

air voids can reduce the strength by 30 to 40 %. In the fully compacted concrete, strength is 

higher than the insufficiently compacted concrete. 

2.8.2.4 Ingredients of Concrete 

The main ingredients of concrete are cement, sand, aggregate and Water. Quality of each 

material affects the strength of the concrete. All materials, therefore, should fulfill the standard 

criteria for use in concrete like, 

a) Type and Quantity of Cement 

The quantity of cement greatly affects concrete strength. The higher cement content increases the 

tendency of shrinkage cracks when the concrete is getting cured and hardened. Types of cement 

also have a great impact on the properties of hardened concrete. According to IS 456 2000, the 

minimum cement content specified ranges from 300 to 360 kg per cubic meter of concrete for 

various exposure conditions and for various grades of concrete. Maximum cement content in 

concrete is also limited to 450 kg per cubic meter of concrete.  

https://gharpedia.com/concrete-compaction-and-vibrators/
https://gharpedia.com/how-concrete-made/
https://gharpedia.com/check-quality-of-sand/
https://gharpedia.com/cement-types-their-purposes/
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b) Types and Quantity of Aggregate 

The strength of concrete depends upon the strength of aggregates. Low quality of aggregate 

reduces the strength of concrete. The quantity of aggregate also affects the properties of 

hardened concrete. At constant cement content, the higher amount of aggregate reduces the 

concrete strength. The shape and grading of aggregate play a major role as far as strength of 

concrete is concern (Mohd. Abul Hasan, 2014).  

Larger size aggregates give a lower strength because they have a lower surface area for 

development of gel bond which is responsible for strength. Larger size aggregate makes concrete 

heterogeneous. It will not distribute loading uniformly when stressed. Due to internal bleeding, 

the problem of development of the micro cracks in concrete happens when larger size aggregates 

are used in concrete. 

Grading of aggregates determines the particle size distribution of aggregates. It‘s the most 

important factor for concrete mix.  There are three types of graded aggregate Gap Graded 

Aggregate, Poorly graded aggregate and Well-graded aggregate (Mohd. Abul Hasan, 2014).  

(c) Quality of Water 

Quality of water plays a significant role in the setting and hardening process of concrete. Acidic, 

oily, silt, and seawater should not be used in concrete mix. Impurities of water give an adverse 

effect on the strength of concrete. Therefore, potable water is always used in concrete mix. 

Particularly the impure water may lead to corrosion, carbonation or acid attack, therefore, reduces 

the life of concrete. 

2.8.2.5 Weather Condition 

Weather condition also affects the strength of concrete due to different reasons. In cold climate, 

exterior concrete is subjected to repeated freezing and thawing action due to the sudden change 

in weather. It produces deterioration in concrete. With the change in moisture content, materials 

expand and contract. It produced cracks in concrete (Javed Mallick, 2014). 

2.8.2.6 Temperature 

With the certain degree of temperature increase, the rate of hydration process increases in it 

which, it gains strength rapidly. Sudden temperature changes create a thermal gradient, which 

https://gharpedia.com/sources-of-natural-aggregates/
https://gharpedia.com/risk-of-steel-corrosion-in-concrete/
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causes cracking and spelling of concrete. So that, the final strength of concrete is lower at the 

very high temperature. 

2.8.2.7 The Rate of Loading 

The strength of concrete increases with the increase in the rate of loading because at the high 

rates of loading, there is less time for creep. Creep produces permanent deformation in the 

structure at constant loading. So that, the failure occurs at limiting values of strain rather than the 

stress. In rapid loading, the load resistance is better than the slow loading (Javed Mallick, 2014). 

2.8.2.8 Age of Concrete 

With increase in age of concrete, the degree of hydration would be more. Hydration process is 

the chemical reaction of water and cement. Hydration produces the gel which plays a significant 

role in the bonding of particles of the concrete ingredients. Therefore, the strength of concrete 

increases with its age. Normally, concrete strength gets doubled after 11 years provided there are 

no adverse factors. 

The knowledge about factors which affect the concrete strength is helpful in many ways 

particularly during designing the structure, choosing material for concrete, observing precaution 

for different weather conditions, choosing different methods for concreting, aiming better life of 

building structures, for low maintenance of building after construction, longer durability and 

better serviceability etc. (Mohd. Abul Hasan, 2013). 

2.9 Splitting Tensile Strength of Cylindrical Concrete  

Scope of this test method covers the determination of the splitting tensile strength of cylindrical 

concrete specimens, such as molded cylinders and drilled cores. This test method is under the 

jurisdiction of ASTM Committee C09 on Concrete and Concrete Aggregates and is the direct 

responsibility of users on Testing Concrete for Strength. Significance and use of splitting tensile 

strength is generally greater than direct tensile strength and lower than Flexural strength 

(modulus of rupture). Splitting tensile strength is used in the design of structural lightweight 

concrete members to evaluate the shear resistance provided by concrete & to determine the   

development length of reinforcement.   
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           Figure 2.8Aligning Concrete Cylindrical sample and Bearing Strips  

Summary of Test Method  

This test strategy comprises of applying a diametric compressive force along the length of a 

cylindrical concrete example at a rate that's inside an endorsed extend until failure happens. This 

loading actuates tensile stresses on the plane containing the connected load and generally high 

compressive stresses within the region instantly around the applied load. Tensile failure happens 

instead of compressive failure since the ranges of load application are in a state of tri-axial 

compression, subsequently permitting them to resist such higher compressive stresses than would 

be shown by a uniaxial compressive quality test result. The most extreme load supported by the 

specimen is divided by suitable geometrical variables to get the splitting tensile strength (ASTM 

Standards, C39/C39M) 

2.10 Concrete Flexural Strength  

2.10.1. General  

Flexural strength tests were conducted in agreement with AASHTO T 97 and test comes about 

are summarized. Prismatic specimens were tested after 28 days of curing. Flexural strength is 

one degree of the tensile strength of concrete. It may be a degree of an unreinforced concrete 

beam or chunk to stand up to disappointment in bowing. It is measured by loading (150 x 

150x500-mm) concrete beams with a span length at least three times the depth. The flexural 

strength is communicated as Modulus of Crack (MR) in psi (MPa) and is decided by standard 

test strategies ASTM C 78 (two-point stacking) or ASTM C 293(Center point loading). 
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Flexural MR is almost 10 to 20 percent of compressive strength depending on the material sort 

utilized. In any case, the most excellent relationship for particular materials is gotten by 

laboratory tests for given materials and blend design. The MR decided by third-point loading is 

lower than the MR decided by center-point loading, now and then by as much as 15%. Designers 

of asphalts utilize a theory based on flexural quality. Subsequently, laboratory mix design based 

on flexural strength tests may be required, or a cementations fabric substance may be chosen 

from past involvement to get the required design MR. a few moreover utilize MR for field 

control and acceptance of pavements. Exceptionally few utilize flexural testing for structural 

concrete.  

 

                

Figure 2.9 UTM for Aligning Concrete beams for flexural test  
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CHAPTER    THREE 

Materials & Methods 

3.1 Introduction 

  This chapter gives an overview of the materials and procedures to be used in carrying out the 

research study as it pertains to method and instrument of collecting data and also the methods of 

analysis. The information regarding the effect of superplasticizers based on mix ratio and curing 

conditions of ordinary concrete will be collected through a literature survey on the topic of 

effects of super plasticizers on the behavior of plain concrete using different dosages of 

superplasticizers under different curing conditions. This information includes the work of others, 

but it is to be used only to set the stage for the research work.  AL thorough understanding, the 

preference in the use of chemical admixtures like superplasticizer other than concrete without 

chemical admixture and what will be the social and environmental challenges in doing so will be 

addressed. In addition to literature survey, there will be a laboratory part of execution to compare 

the results of compressive strength, tensile strength and flexural strength at different dosages of 

superplasticizers, curing temperatures and curing conditions. 

3.2 Location and description of the study area 

This thesis was studied in Addis Ababa city. It is the capital city of Ethiopia. Its geographical 

coordinates are approximately 9
°
 1' 29.89 ʺ N latitude and 38° 44' 48.8 ʺ E longitude. The town 

is found in an area of average altitude of about 7726ft (2355 m) above sea level. Addis Ababa is 

also the largest and older city in the central part of Ethiopia (New world Encyclopedia).  

3.3 Study Period  

The thesis has taken six months duration and it was started on April 2019 and it was ended on 

September 2019. The duration mentioned includes from data collection to the final paper 

submission.   

3.4 Study Design 

 Laboratory experimental method was used and conducted for this thesis during the study period. 

To get most reliable data for the analysis, the quality of the raw materials used in the production 
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of plain concrete was highly given much attention and hence, the aggregates and sands were 

washed with pure water to get rid of the impurities. It was also identified their effect on concrete 

properties such as workability, tensile, compressive and flexural strength of concrete. 

3.5 Population of the Research 

There are different samples frames or population of this thesis. One of the sample frame or target 

population of this thesis is superplasticizer (SP60) obtained from SAS Construction Chemicals 

Ltd. The others are ingredients of plain concrete, Metehara sand that was extracted from east 

Shoa zone Lake Beseka and optimum size aggregate which was obtained from the surrounding.  

3.6 Materials used and properties 

The materials utilized for this study are cement, fine and coarse aggregates water and 

superplasticizers. To know more, a chemical admixture (superplasticizer) is included to change 

the characteristics of concrete for certain applications. Since the materials are critical in deciding 

the quality of delivered concrete, they ought to be appropriately chosen and chosen some time 

recently the starting of the experiment. 

3.6.1. Cement and Water 

The cement used in this study was a product from Cement Industries of Ethiopia, 42.5R grade 

Dangote, OPC cement. This type of cement is widely used in general construction in Ethiopia, 

for example buildings, bridges and other precast concrete products. It is available in 50 kg bag, 

1.5 Tonne jumbo bags and bulk tankers. 

The water used in this study was drinkable (potable) water and obtained from Ethiopian Institute 

of Architecture, Building Construction and City Development (EiABC)  
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                             Figure 3.1 Cement used during experiment 

3.6.2. Fine and Coarse Aggregates  

Aggregate is important because it occupies about three- quarters of the volume of concrete. 

Usually, there are two types of aggregate used in concrete, which are fine and coarse aggregates. 

Many parameters needed to be considered in selection of aggregate, for instance, types of 

aggregate, size and shape of the particle, and the strength of the aggregate.  

 

                        Figure 3.2 Aggregates used during experiment  
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All aggregate must be free from dust as the dust may affect the bonding between the aggregate 

and cement particles. The fine aggregate used in this study was Metehara sand that was extracted 

from east Shoa zone Lake Beseka. And also, the coarse aggregate used in this study was crashed 

stone with a maximum size of 20 mm. In addition, aggregates should be checked their unit 

weight, specific gravity, water absorption, moisture content, organic impurity and silt content. 

The aggregates should be cleaned before mixing to wash away the fine particles that stick on the 

surface of the aggregate.  

Table 3.1 Test results of aggregates used in the mix-design of C-30 concrete 

Aggregates 

Unit Weight (Kg/m3) Specific 

Gravity 

(GS’) 

Water 

Absorption 

(%) 

Moisture 

Content (%) 

Organic 

Impurity 

Silt 

Content 

(%) Loose Compacted 

 Sand 1289 1456 2.28 5.59 9.57 No.0 5.1 

 Coarse  

Aggregate 
1400 1567 2.9 3.48 2.5 ˉ ˉ 

Allowable 

Value(ASTM) 
 

ˉ 

 

ˉ 

 

ˉ 

 

ˉ 

 

ˉ 

 

No.0.3 

 

ˉ 
  

                  

3.6.3. Superplasticizer  

The superplasticizer used in this study was (SP60) which is dark brown liquid in color obtained 

from Ethiopia, SAS Construction Chemicals Ltd. It is a naphthalene sulphonate based liquid 

superplasticizer for high performance concrete which is suitable for self-compacting concrete 

very effectively. And, it confirms to the standard, ASTM C-494-Type F & G, BS 5075-Part 1 

ASTM C-1017. One of its benefits is that it can improve both early and final strength. In 

addition, slump retention and workability of concrete also enhanced by using this type 

superplasticizer. The recommended dosage range is 0.5% – 2.5% of cements weight and added to 

concrete in the mixing cycle after the addition of 90% of water or can be added along with the 

gauging water. 
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              Figure 3.3 Admixture (Superplasticizers, SP60) used during experiment 

3.6.4 Concrete and Mix Proportion  

So as to study the effect of different dosages of superplasticizer (SP60) on the behavior of plain 

concrete with different curing conditions, five mixes were prepared. After knowing the fine and 

coarse aggregate quality, design calculation was made for the C-30 concrete by making the water 

cement ratio constant for the five mixes of cubes, cylinders and beams production. Hence, the 

mix proportion of concrete with water cement ratio of 0.45 is given in the Table 3.2. 

Table 3.2: data used for C-30 trial batch mix 

Batch Type B-1 B-2 B-3 B-4 B-5 

Dangote (OPC)  

kg/m3 
413 413 413 413 413 

Sand(kg/m3) 835 835 835 835 835 

Coarse 

Aggregate(kg/m3) 
1044 1044 1044 1044 1044 

SP60 (Liters) 0.0 2.07 4.13 6.2 8.27 

W/C  ratio  0.45 0.45 0.45 0.45 0.45 
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3.7 Preparation of concrete test specimens 

In this study, a total sum of 135 specimens of standard size were prepared & tested. Out of 135 

specimens, there were 45 cubes for compression test produced at ambient temperature and 

humidity, 45 cylinders for splitting test under ambient temperature and humidity and 45 beams 

for flexure test under ambient temperature and humidity as shown in the table (3.1 – 3.3). The 

concrete of Grade 30 with constant W/C ratio was designed by adopting British method of 

concrete mix design, & was kept constant throughout the study. Whole of these specimens were 

divided into five batches namely B-1, B-2, B-3, B-4 and B-5. The dosage of superplasticizer is 

the variable parameter in all batches and the recommended dosages of superplasticizers ranges 

0.5% - 2%, and tested for slump. Each batch is divided into 3 different curing conditions. The 

de-molding time was 24 hours. And, hence, the performance of concrete using superplasticizer is 

observed under different curing conditions at an average ambient temperature ranges between 

18.3°C – 21.8°C and an average humidity ranges between 67% - 76%. In this study, the average 

daily room temperature was considered as 20.1°C which is the ambient temperature of the area 

where this research had been performed and also the relative humidity of the area was 73%. 

                        Table 3.3: Compressive Strength Test 

Sr.No Batch % of  SP60 

Samples for Compression Test 

CC1 CC2 CC3 

1 B-1 0.00 3 Samples 3 Samples 3 Samples 

2 B-2 0.50 3 Samples 3 Samples 3 Samples 

3 B-3 1.00 3 Samples 3 Samples 3 Samples 

4 B-4 1.50   3 Samples 3 Samples  3 Samples 

5 B-5 2.00 3 Samples 3 Samples  3 Samples 
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                           Table 3.4: Splitting (Tensile) Strength Test 

Sr.No Batch     % of  SP60 

Samples for Tensile Test 

CC1 CC2 CC3 

1 B-1 0.00 3 Samples 3 Samples 3 Samples 

2 B-2 0.50 3 Samples 3 Samples 3 Samples 

3 B-3 1.00 3 Samples 3 Samples 3 Samples 

4 B-4 1.50   3 Samples 3 Samples  3 Samples 

5 B-5 2.00 3 Samples 3 Samples  3 Samples 

            

                                    Table 3.5 Flexure Test 

Sr.No Batch % of  SP60 

Samples for Flexural Test 

CC1 CC2 CC3 

1 B-1 0.00 3 Samples 3 Samples 3 Samples 

2 B-2 0.50 3 Samples 3 Samples 3 Samples 

3 B-3 1.00 3 Samples 3 Samples 3 Samples 

4 B-4 1.50   3 Samples 3 Samples  3 Samples 

5 B-5 2.00 3 Samples 3 Samples  3 Samples 

                       

3.8 Variable Parameters 

In this study, there are different variable parameters which have been used during the experiment 

execution. The Variable parameters which were used in this study are the following: 

Curing Conditions: Three curing conditions have been selected. Each batch was adopted to cure 

in all the three conditions which have been selected in this study. 

Dosage of Superplasticizer: The specimens were divided into five batches according to the 

dosage of superplasticizer that would be added to the fresh concrete.  

The details of the curing conditions which were adopted in this study for compression, tension 

and flexure test were as follows: 
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 For Compression test, splitting test (Tension test) and for flexure test 

                         CC1 = 28 days immersed in water. 

                         CC2 = 14 days immersed in water and 14 days in ambient temperature. 

                         CC3 = 28 days in atmosphere with daily curing (Sprinkling) 

3.9 Constant Parameters: 

 In this study, Type and quantity of cement, type and quantity of aggregates, water cement ratio 

and design strength would have been kept constant throughout the study. 

Concrete mix: The characteristic strength of concrete being used in the residential buildings in 

the surroundings of location/area of research, and also specified by several design codes [20-35], 

is chosen for this research. The characteristic strength of concrete at 28 days is 30 MPa. 

Type of cement: Ordinary Portland Cement (OPC) which is a product of Dangote cement 

factory, Ethiopia. 

Type and size of aggregates: Crushed coarse aggregate maximum size of 20mm and approved 

fine aggregate(sand) with low silt content  have been used in this research. 

W/C ratio: Constant water-cement ratio (0.45 determined from mix design) has been used for 

the five different batches. 

3.10 Parameters of Study: 

In this study, there are three principal parameters that would have been studied. The important 

parameters studied in this research are: Compressive strength of concrete cubes, Flexural 

strength of concrete for beams (modulus of rapture) and splitting tensile strength of concrete 

cylinders. 

3.10.1 Compressive strength of concrete cubes: 

After 28 days of different curing conditions and curing period, the concrete cubes specimens 

were removed from the water bath then placed in dry surface until the specimen‘s surface was 

dried. The weight of each concrete cubes specimens also determined in order to know the unit 

weight of the concrete cubes.  Finally, the specimens was tested by using Compression testing 

machine at a loading rate of 140 kg/cm
2
 per minute for 150 mm cubes till the specimens would 

be failed. Figure 3.4 shows compressive strength test of concrete cubes. 
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Figure 3.4 Compressive strength of concrete cubes 

3.10.2 Tensile strength of the cylindrical concrete 

After 28 days of different curing conditions and curing period, the concrete cylinder specimens 

was removed from the water bath then placed in dry surface until the specimen‘s surface was 

dried. The weight of each concrete cylinder specimens also determined in order to know the unit 

weight of the concrete cubes.  Finally, the specimens were tested by using Compression testing 

machine digital readout, Universal Testing Machine at a loading rate of 140 kg/cm2 per minute 

for 150 x 300mm cylinder until the Specimens would be failed. The maximum applied load 

indicated by the testing machine at failure would be noted. Figure 3.5 shows tensile strength test 

of concrete cylinders. 

According to ASTM C-496, the splitting tensile strength of each sample will be determined by 

dividing the maximum applied load by the appropriate geometrical factors. 

 

  
  

    
 

       Where   T = Splitting tensile strength 

                     P = Maximum applied load indicated by the testing machine  

                     L = Average sample length 

                     D = Diameter of the sample  
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Figure 3.5 Tensile strength of concrete cylinders 

3.10.3 Flexural strength of the concrete Beams 

The same procedure was applied for the concrete beam specimens like the above two tests. The 

weight of each concrete 100x100x500 mm beam specimens also determined in order to know the 

unit weight of the concrete beams.  Finally, the specimens were tested by using, Universal 

Testing Machine for 100x100 x 500mm beam until the Specimens would be failed. The 

maximum applied load indicated by the testing machine at failure would be noted. Figure 3.6 

shows flexural strength test of concrete beams. 

According to ASTM C-293, the flexural strength of each concrete sample will be determined by 

dividing the maximum applied load by the appropriate geometrical factors.      
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  Where    R = Modulus of Rapture (Flexural strength) 

                 P = Maximum applied load indicated by the testing machine  

                 L = Average sample length 

                 D = Diameter of the sample ` 

                 B = Average width of the specimen 

 

  

Figure 3.6 flexural strength test of concrete beams 

3.11 Size of Specimens: 

There are different standard sizes of specimens that have been used in this study. The standard 

sizes of the specimen are: 

 Cubes sample specimens of standard size (150mm x150mm x 150mm)  for compressive 

strength,  

 Cylinders of standard size (300mm x 150mm)for tensile strength and 

 Beams with sample specimen size (100 x 100 x 500 mm) were used for flexural strength. 
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The above mentioned sample sizes were produced with different dosages of superplasticizer and 

different curing conditions. 

3.12 Curing conditions and Methods 

Curing is the maintenance of a palatable moisture substance and temperature in concrete for a 

period of time promptly taking after putting and finishing so that the required properties may 

develop. The requirement for satisfactory curing of concrete cannot be overemphasized. Curing 

contains a strong impact on the properties of solidified concrete; appropriate curing will increase 

durability, strength, water snugness, scraped area resistance, volume steadiness, and resistance to 

solidifying and defrosting and deicers. 

Three curing conditions have been selected in this study. Each batch was adopted to cure in all 

the three conditions. 

3.12.1 Curing condition (CC1) - Immersed in water 

This is the most thorough method of curing in general. The samples produced in different 

batches that are for compression test, tensile test and flexure test have been immersed in curing 

pond for 28 days at an average temperature of 20.1°c and an average humidity of 73% as shown 

in the figure 3.7 

 

Figure 3.7 Curing of concrete sample by immersion in water tanker 
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3.12.2 Curing condition (CC2)  

This is also another method of curing. The samples produced in different batches that are for 

compression test, tensile test and flexure test have been immersed in curing pond for 14 days at 

an average temperature of 20.1°c and an average humidity of 73% and 14 days in ambient 

temperature at an average temperature of 20.1°c and an average humidity of 73% as shown in the 

figure 3.8. 

  

Figure 3.8 Different methods of Curing concrete 

3.12.3 Curing condition (CC3)  

This (CC3) curing condition method is mostly practiced in different construction activities. In 

this study, the samples produced in different batches that are for compression test, tensile test 

and flexure test have been cured by sprinkling method of curing for 28 days at an average 

temperature of 20.1°c and an average humidity of 73% as shown in the figure 3.9 

 

               Figure 3.9 Curing of concrete sample by sprinkling water 



  

36 
 

CHAPTER- FOUR 

4. Experimental Results and Discussion 

In this section, the experimental results of compressive strength, tensile strength and flexural 

strength of plain concrete for different dosages of superplasticizer (SP60) which is dark brown 

liquid in color obtained from SAS Construction Chemicals Ltd and different curing conditions at 

28 days of age were accomplished by compression testing machine and UTM machine at Addis 

Ababa University, EIABC, MRTC and the average test results are presented below. 

4.1 Physical properties of fresh concrete 

4.1.1 Workability test:  

The workability test includes the slump test as shown in the table 4.1. The workability of 

concrete enhanced with addition of superplasticizer (SP60) with constant water cement ratio of 

0.45 of each trial mix. The data are recorded and being shown to observe the relation between 

dosages of superplasticizer and slump loss. The values of slump loss for different dosages of 

admixtures, superplasticizer (SP60) are shown in the table 4.1. 

Table 4.1 Data of Normal Fresh Concrete 

              

Batch Type B-1 B-2 B-3 B-4 B-5 

Weight of fresh 

concrete 
2344 2344 2344 2400 2456 

 SP60 (Liters) 0.0 2.07 4.13 6.2 8.27 

Slump(mm) 45 70 105 170 205 

Compaction 
Self-

Compaction 

Self-

Compaction 

Self-

Compaction 

Self-

Compaction 

Self-

Compaction 

Workability Good Good Good Good Good 

The graph in Figure 4.1 shows slump against different dosages of superplasticizer. From the 

graph, it is clear that slump value increases with increasing the percentage of superplasticizer. 

This implies that, as the percentage of superplasticizer (SP60) increases, the workability 

generally increases. This is essential since the superplasticizer will help to retain the concrete in 
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liquid state for a longer time, and hence, reduce the slump loss during the transportation of 

concrete to the site. However, over dosage of the admixture SP60 will lead to high slump loss. 

Finally, comparisons can be made between normal concrete and concrete with superplasticizer is 

that, the setting time for concrete with superplasticizer SP60 is longer than the normal concrete.  
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Figure 4.1: shows dosage of SP60 vs. Slump 

4.2 Physical Properties of Hardened Concrete 

4.2.1 Compressive Strength  

The compressive strength of concrete is one of the most important and useful properties of 

concrete. The primary purpose for design concrete is to resist compressive strength in structural 

members, in general and depending on the characteristic material value for classification of 

concrete.   

The Compressive strength of concrete cube with different dosage of superplasticizer (SP60) for 

different curing conditions at 28 days was accomplished by Compression Testing Machine and 

the average test results are presented in Table 4.2. The values of compressive strength for the 

different dosage of superplasticizer are higher than normal concrete except for the B-5 mix for 

all curing conditions. For the specimens cured for 28 days in water(CC1), 14 days in water and 

14 days in air(CC2) and 28 days cured by sprinkling water(CC3), the compressive strength 
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increases with increasing dosage of SP60 with constant water cement ratio of 0.45 except for 

batch B-5. 

Even though increasing in dosage of SP60 superplasticizer enhances the compressive strength, 

there will be an optimum limit for the use of SP60 superplasticizer. This is to mean that, when 

the dosage increases beyond the limit, the compressive strength decreases. This phenomenon 

occurs as over dosage of SP60 will cause bleeding and segregation, which will affect the 

cohesiveness and uniformity of concrete. As a result, the compressive strength of concrete will 

be reduced. 

As it is shown in table 4.2, the maximum compressive strength of concrete is at 1.5% of SP60 

dosage for CC1 and is obtained 47.10Mpa. But, the maximum compressive strength of concrete 

is at 1% of SP60 dosage for CC2 and CC3 and is obtained 46.30Mpa and 44.60Mpa respectively. 

Therefore, it can be concluded that the optimum dosage of superplasticizer (SP60) for strength 

criteria of C-30 concrete quality is 1.5% for CC1 and 1% of SP60 for CC2 and CC3. In addition to 

the effect of dosage of superplasticizer, the curing condition has also significant effect on the 

compressive strength. Hence, the compressive strength varies as the curing condition varies. CC1 

is best for better strength than the rest of curing conditions. An important that should be noted is 

that the compressive strength of all the batches was decreased gradually as the curing duration in 

water was reduced. 

Table 4.2 Compressive strength of concrete cube at 28 days for different curing conditions. 

Sr.No. Batches  % of  SP60 

Average Compressive Strength         

(MPa) 

     CC1     CC2     CC3 

1 B-1 0.00     38.53    38.20    35.2 

2 B-2 0.50     44.30    43.60    39.40 

3 B-3 1.00     46.80    46.30    44.60 

4 B-4 1.50     47.10    45.60    42.70 

5 B-5 2.00     37.60    36.90    35.10 
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4.2.2 Tensile Strength  

This test method consists of applying a diametric compressive force along the length of a 

cylindrical concrete specimen at a rate that is within a prescribed range until failure occurs. This 

loading induces tensile stresses on the plane containing the applied load and relatively high 

compressive stresses in the area immediately around the applied load. 

Testing for tensile strength was done on 45 cylinders of standard size (300mm x 150mm). Three 

cylinders were assigned to each batch and each curing conditions for experimental purpose. 

Table 4.3 shows test results of tensile strength at different curing conditions and different dosage 

of superplasticizers (SP60) at 28 days of age accomplished by compression testing machine.  In 

this case, the highest value of tensile strength is achieved at the curing condition (CC1). Also, 

dosages of superplasticizer have significant effect. As shown in the table 4.3, the maximum 

tensile strength of concrete is at 1.5% of SP60 dosage for CC1 and CC2 and is obtained 3.58Mpa 

and 3.45Mpa respectively. But, the maximum tensile strength of concrete is at 1% of SP60 

dosage for CC3 and is obtained 2.78Mpa. The lowest value of tensile strength is 2.23Mpa and is 

obtained when no SP60 superplasticizer is used and at CC3 curing condition.  

 Table 4.3 Tensile strength of cylindrical concrete at 28 days for different curing conditions 

Sr.No. Batches % of SP60 
Average Tensile Strength (MPa) 

     CC1     CC2     CC3 

1 B-1 0.00    2.60    2.46    2.23 

2 B-2 0.50    2.62     2.56    2.38 

3 B-3 1.00    2.97    2.93    2.78 

4 B-4 1.50    3.58    3.45    2.69 

5 B-5 2.00    2.78    2.72    2.40 

4.2.2 Concrete flexural Strength  

Flexural strength tests were conducted by using, Universal Testing Machine and test comes 

about are summarized. Prismatic specimens with standard dimensions (100 x 100x500-mm) 

concrete beams with a span length at least three times the depth were tested after 28 days of 

curing. Flexural strength is one degree of the tensile strength of concrete. The results are 

presented in Table 4.4.   
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Testing for flexural strength was done on 45 beams of standard size. Table 4.4 shows test results 

of flexural strength at different curing conditions and different dosage of superplasticizers (SP60) 

at 28 days of age accomplished by universal testing machine using one point load method.  In 

this case also, the same tendency as observed in the compression strength. The highest value of 

flexural strength is achieved at the curing condition (CC1). Also, dosages of superplasticizer have 

significant effect. As shown in the table 4.4, the maximum flexural strength of concrete is at 1% 

of SP60 dosage for CC1 and is obtained 4.720Mpa. And the maximum flexural strength for CC2 

and CC3 is attained at 1% of SP60 dosage and is obtained 4.120Mpa and 3.583Mpa respectively. 

The lowest value of flexural strength is 2.913Mpa and is obtained when no SP60 superplasticizer 

is used and at CC3 curing condition.   

Table 4.4 Flexural strength of concrete beam at 28 days for different curing conditions 

Sr.No. Batches SP60 
Average Flexural Strength (MPa) 

CC1 CC2 CC3 

1 B-1 0.00% 4.263 3.960 2.821 

2 B-2 0.50% 4.660 4.050 2.913 

3 B-3 1.00% 4.720 4.120 3.583 

4 B-4 1.50% 4.443 3.953 3.213 

5 B-5 2.00% 4.090 3.773 3.420 

  

4.3 Relationship between Compressive, Splitting Tensile and Flexural 

Strength of plain Concrete 

Table 4.5, 4.6 and 4.7 show the relationship between the compressive strength, splitting tensile 

strength and flexural strength of plain concrete under different dosages of superplasticizers 

(SP60) and different curing conditions obtained from this study. This study shows that there is a 

direct relationship between compressive strength and splitting tensile strength and also a direct 

relationship between compressive strength and flexural strength in general for each curing 

conditions. 
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Table 4.5 Relationship between Compressive, Splitting Tensile and Flexural Strength for (CC1) 

Sr.No Batch  % of  SP60 

For CC1 Curing Condition 

Compressive 

strength(Mpa) 

Tensile 

Strength(Mpa) 

Flexural 

Strength(Mpa) 

1 B-1 0.00      38.53    2.60 4.263 

2 B-2 0.50     44.30    2.62  4.720 

3 B-3 1.00     46.80    2.97 4.660 

4 B-4 1.50      47.10    3.58 4.443 

5 B-5 2.00       37.60    2.78 4.090 

 

Table 4.6 Relationship between Compressive, Splitting Tensile and Flexural Strength for (CC2) 

Sr.No Batch % of  SP60 

For CC2 Curing Condition 

compressive 

strength(Mpa) 

Tensile 

Strength(Mpa) 

Flexural 

Strength(Mpa) 

 

1 B-1 0.00     38.20    2.46 3.960 

2 B-2 0.50    43.60    2.56 4.050 

3 B-3 1.00    46.30    2.93 4.120 

4 B-4 1.50     45.60    3.45 3.953 

5 B-5 2.00      36.90    2.72 3.773 
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Table 4.7 Relationship between Compressive, Splitting Tensile and Flexural Strength (CC3) 

Sr. Batch % of  SP60 

For CC3 Curing Condition 

compressive 

strength(Mpa) 

Tensile 

Strength(Mpa) 

Flexural 

Strength(Mpa) 

 

1 B-1 0.00     35.20    2.23 3.821 

2 B-2 0.50    39.40    2.38 2.913 

3 B-3 1.00    44.60    2.78 3.583 

4 B-4 1.50     42.70    2.69 3.213 

5 B-5 2.00      35.10    2.40 3.420 
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CHAPTER FIVE 

5. Conclusion and Recommendation 

5.1 Conclusion 

In this study, the behavior of plain concrete using different dosage of superplasticizers (SP60) 

under different curing conditions has been analyzed and investigated. Under this experimental 

study, the constituents of the mix design for C-30, quantity of cement, aggregates and water 

cement ratio remains constant for each batch except for the dosage of superplasticizer (SP60). 

And thus, the influence of SP60 superplasticizer on workability, compressive strength, splitting 

tensile strength and flexural strength of concrete performance had been successfully studied at 

ambient temperature and humidity of 20.1  and 73% respectively.  Based on the investigation 

result the following observations and conclusion are derived: 

 The workability of plain concrete can be increased by addition of SP60 superplasticizer. 

Never the less; very high dosages of superplasticizer tend to reduce the cohesiveness of 

concrete. 

 It is observed that, the compressive strength, the splitting tensile strength and the 

flexural strength of concrete in curing condition(CC1) are maximum than curing 

conditions CC2 and CC3. And hence, for those involved in the construction industry have 

to know the difference in strength when concrete is cured in different curng conditions. 

 It is also observed that the maximum compressive and splitting tensile strength is 

obtained at 1.5% dosage of SP60 superplasticizer, and the maximum flexural strength of 

concrete is obtained at 1% dosage of SP60 superplasticizer. Hence, the optimum SP60 

dosage of this study for compressive and splitting tensile strength is 1.5% and for the 

flexural strength is 1% 

 The increase in dosage of SP60 superplasticizer more than 1.5% leads to decrease in 

compressive, splitting and flexural strength of the concrete for curing condition (CC1). 

This phenomenon occur since over dosage of superplasticizer will cause bleeding and 

segregation, which will affect the cohesiveness and uniformity of concrete. 
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 Slump loss can be reduced by using the SP60 superplasticizer. However; effectiveness is 

higher for concrete with superplasticizer than normal concrete. 

5.2 Recommendation 

The current thesis includes the behavior of plain concrete using different dosage of SP60 

superplasticizer under different curing conditions for concrete grade C-30 at an ambient 

temperature and humidity of 20.1  and 73% respectively. But; there are some recommendations 

that can be done to further enhance the important of this experimental study.  

 In different countries, different admixtures has been produced and since different kinds of 

admixture will react differently when mixed with concrete hough they are catagorized in 

the same type. Hence, further study should be done to determine which 

admixture(superplasticizer) performs better under certain curing conditions. 

 Since SP60 superplasticizer is produced in Ethiopia and there are different climatic 

conditions in Ethiopia, therefore; further study for areas of high temperature and 

humidity  for different concrete grades to know the effect has to be investigated. 

 Since there are olny 4 dosages of SP60 for concrete grade C-30 used in this study, it is 

some what difficult to estimate the optimum dosages. Sothat, more concrete mixes which 

contains different dose ranges of SP60 should be prepared to determine the precise 

optimum dosage. 

 Here in Ethiopia, different types of cements have been produced and utilized in many 

costruction activities. Sothat SP60 Vs different types of cements interms of strength has 

to be investigated in different temperatures. 
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APPENDIX 1 

 

T E S T   R E S U L T S 

1. Sieve Analysis 

         
    

 2. Other Test Results 
 

 
 

 

 

Sieve Size 

(ASTM) 

 

PERCENTAGE PASSING 

OF 

Graduation Requirement 

% Pass (ASTM C-33) 

 

Sand 

 

Coarse Aggregate 

 

Sand 

 

Coarse Aggregate 

25 mm 30 mm 25 mm 30 mm 

75 mm ----- ----- ----- ----- ----- ----- 

50 mm ----- ----- ----- ----- ----- ----- 

37.5 mm ----- 100 ----- ----- 100 ----- 

25 mm ---- 91 ----- ----- 90 -100 ----- 

19 mm ----- 66 ----- ----- 40 -85 ----- 

12.5 mm ----- 31 ----- ----- 10 - 40 ----- 

9.50 mm 100 5 ----- 100 0 - 15 ----- 

      4.75 mm 92 2 ----- 95-100 0 - 5 ----- 

      2.36 mm 83 ----- ----- 80-100 ----- ----- 

      1.18 mm 67 ----- ----- 50-85 ----- ----- 

600    39 ----- ----- 25-60 ----- ----- 

      300    10 ----- ----- 10-30 ----- ----- 

     150    1 ----- ----- 2-10 ----- ----- 

      75    ----- ----- ----- ----- ----- ----- 

 

 
 
 

Types 

 
Unit Weight 

 
(Kg/m

3
) 

 
 

Specific 
Gravity 

(GS) 

 
 

Water 
Absorption 

(%) 

 
Moisture 
Content 

(%) 

 
 

Organic 
Impurity 

 
Silt 

Content 
(%)  

Loose 
 

Compacted 

 
Sand 

 
1289 

 
1456 

 
2.28 

 
5.59 

 
9.57 

 
No. 0 

 
5.1 

Coarse 
Aggregate 

 

 
1400 

 
1567 

 

 
2.90 

 
3.48 

 
2.50 

 
----- 

 
---- 

 
Allowable 

Value 
(ASTM) 

 
 

------- 

 
 

------ 

 
 

------ 

 
 

----- 

 
 

------ 

 
 

No. 0-3 

 
 

------ 
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3.  Data of the Trial Batch Mix 

3.1. Data for C-30 trial batch mix 
 
 

Batch Type B-1 B-2 B-3 B-4 B-5 

Dangote (OPC)  

kg/m3 
413 413 413 413 413 

Sand(kg/m3) 835 835 835 835 835 

Coarse 

Aggregate(kg/m3) 
1044 1044 1044 1044 1044 

SP60 (Litres) 0.0 2.07 4.13 6.2 8.27 

W/C  ratio 0.45 0.45 0.45 0.45 0.45 

 

Based on the above information a trial mix was prepared and 45 cube concretes,45 cylindrical concretes 

and 45 beam concretes were casted for 28 days compressive strength test, tensile strength test and 

flexural strength test for class of C-30. The data of the fresh as well as hardened concrete are given 

below. 

 

3.2 Data of Normal Fresh Concrete 

 
 
 
 
 
 
 
 

 

Batch Type B-1 B-2 B-3 B-4 B-5 

Weight of fresh 

concrete  

2344 kg/m
3
  

2344kg/m
3
 

2344 kg/m
3
 2400 kg/m

3
 2456 kg/m

3
 

Superplasticizer(SP60) 
 

0 kg/m
3
 

 

2.07 kg/m3 

 

4.13 kg/m
3
 

 

6.2 kg/m
3
 

 

8.27 kg/m
3
 

Slump  45mm 70mm 75mm 190mm 205mm 

Compaction Self-

compaction 

Self-

compaction 

Self-

compaction 

Self-

compaction 

Self-

compaction 

Workability Good Good Good Good Good 
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4.  Data of Hardened Concrete 

 

    4.1. Data of C-30 Cube Concretes for compressive strength  

  

          4.1.1. C-30 Cube Concretes for batch B-1  

 
 

4.1.2. C-30 Cube Concretes for batch B-2  

 

 

 

Sample 

No. 

 

Client’s 

Markin

g 

 

Date 

Poured 

 

Date of 

Test 

Age 

In 

Days 

Dimensions 

(cm) 

Unit 

Weight 

(kg/dm
3
) 

Compressive 

Strength 

(Kg/cm
2
) L B H 

 C-1 31/07/19 27/08/19 28 15 15 15 2.37 392 

 ‗‘ ‗‘ ‗‘ ‗‘ 15 15 15 2.37 379 

 ‗‘ ‗‘ ‗‘ ‗‘ 15 15 15 2.37 385 

                                                                                                     Average           2.37                  385.3 

 C-2 31/07/19 27/08/19 28 15 15 15 2.37 384 

 ‗‘ ‗‘ ‗‘ ‗‘ 15 15 15 2.37 386 

 ‗‘ ‗‘ ‗‘ ‗‘ 15 15 15 2.37 376 

                                                                      Average           2.37 382 

 C-3 31/07/19 27/08/19 28 15 15 15 2.37 355 

 ‗‘ ‗‘ ‗‘ ‗‘ 15 15 15 2.37 362 

 ‗‘ ‗‘ ‗‘ ‗‘ 15 15 15 2.37 339 

                                                                                                     Average           2.37                 352 

 

Sample 

No. 

 

Client’s 

Markin

g 

 

Date 

Poured 

 

Date of 

Test 

Age 

In 

Days 

Dimensions 

(cm) 

Unit 

Weight 

(kg/dm
3
) 

Compressive 

Strength 

(Kg/cm
2
) L B H 

 C-1 01/08/19 28/08/19 28 15 15 15 2.37 449 

 ‗‘ ‗‘ ‗‘ ‗‘ 15 15 15 2.37 436 

 ‗‘ ‗‘ ‗‘ ‗‘ 15 15 15 2.37 444 

                                                                                                     Average           2.37                 443 

 C-2 01/08/19 28/08/19 28 15 15 15 2.37 444 

 ‗‘ ‗‘ ‗‘ ‗‘ 15 15 15 2.37 436 

 ‗‘ ‗‘ ‗‘ ‗‘ 15 15 15 2.37 427 

                                                                                             Average           2.37                  436 

 ‗‘ ‗‘ ‗‘ ‗‘ 15 15 15  

 C-3 01/08/19 28/08/19 28 15 15 15 2.37 391 

 ‗‘ ‗‘ ‗‘ ‗‘ 15 15 15 2.37 409 

 ‗‘ ‗‘ ‗‘ ‗‘ 15 15 15 2.37 382 

                                                                                                   Average 2.37 394 
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4.1.3. C-30 Cube Concretes for batch B-3 

 

 
 
 

4.1.4. C-30 Cube Concretes for batch B-4  

 

 
 
 
 

 

Sample 

No. 

 

Client’s 

Markin

g 

 

Date 

Poured 

 

Date of 

Test 

Age 

In 

Days 

Dimensions 

(cm) 

Unit 

Weight 

(kg/dm
3
) 

Compressive 

Strength 

(Kg/cm
2
) L B H 

 C-1 02/08/19 29/08/19 28 15 15 15 2.37 480 

 ‗‘ ‗‘ ‗‘ ‗‘ 15 15 15 2.37 458 

 ‗‘ ‗‘ ‗‘ ‗‘ 15 15 15 2.37 467 

                                                                                                     Average           2.37                  468 

 C-2 02/08/19 29/08/19 28 15 15 15 2.37 461 

 ‗‘ ‗‘ ‗‘ ‗‘ 15 15 15 2.37 457 

 ‗‘ ‗‘ ‗‘ ‗‘ 15 15 15 2.37 471 

                                                                                              Average           2.37                 463 

 C-3 02/08/19 29/08/19 28 15 15 15 2.37 458 

 ‗‘ ‗‘ ‗‘ ‗‘ 15 15 15 2.37 431 

 ‗‘ ‗‘ ‗‘ ‗‘ 15 15 15 2.37 449 

                                                                                                      Average           2.37                 446 

 

Sample 

No. 

 

Client’s 

Markin

g 

 

Date 

Poured 

 

Date of 

Test 

Age 

In 

Days 

Dimensions 

(cm) 

Unit 

Weight 

(kg/dm
3
) 

Compressive 

Strength 

(Kg/cm
2
) L B H 

 C-1 03/08/19 30/08/19 28 15 15 15 2.37 476 

 ‗‘ ‗‘ ‗‘ ‗‘ 15 15 15 2.37 453 

 ‗‘ ‗‘ ‗‘ ‗‘ 15 15 15 2.37 484 

                                                                                                     Average           2.37                 471 

 C-2 03/08/19 30/08/19 28 15 15 15 2.37 469 

 ‗‘ ‗‘ ‗‘ ‗‘ 15 15 15 2.37 467 

 ‗‘ ‗‘ ‗‘ ‗‘ 15 15 15 2.37 431 

                                                                      Average           2.37 456 

 C-3 03/08/19 30/08/19 28 15 15 15 2.37 422 

 ‗‘ ‗‘ ‗‘ ‗‘ 15 15 15 2.37 449 

 ‗‘ ‗‘ ‗‘ ‗‘ 15 15 15 2.37 409 

                                                                                                     Average 2.37                427  



  

52 
 

4.1.5. C-30 Cube Concretes for batch B-5 

 

 
 

4.2. Data of Cylindrical Concretes for Tensile strength   

 

     4.2.1. C-30 Cylindrical Concretes for batch B-1  
 

 
 
 

 

 

Sample 

No. 

 

Client’s 

Markin

g 

 

Date 

Poured 

 

Date of 

Test 

Age 

In 

Days 

Dimensions 

(cm) 

Unit 

Weight 

(kg/dm
3
) 

Compressive 

Strength 

(Kg/cm
2
) L B H 

 C-1 04/08/19 01/09/19 28 15 15 15 2.37 369 

 ‗‘ ‗‘ ‗‘ ‗‘ 15 15 15 2.37 396 

 ‗‘ ‗‘ ‗‘ ‗‘ 15 15 15 2.37 387 

                                                                                                     Average           2.37                  384 

 C-2 04/08/19 01/09/19 28 15 15 15 2.37 359 

 ‗‘ ‗‘ ‗‘ ‗‘ 15 15 15 2.37 387 

 ‗‘ ‗‘ ‗‘ ‗‘ 15 15 15 2.37 361 

                                                                      Average           2.37 369  

 C-3 04/08/19 01/09/19 28 15 15 15 2.37 351 

 ‗‘ ‗‘ ‗‘ ‗‘ 15 15 15 2.37 364 

 ‗‘ ‗‘ ‗‘ ‗‘ 15 15 15 2.37 338 

                                                                                                     Average 2.37 351 

 

Sample 

No. 

 

Client’s 

Markin

g 

 

Date 

Poured 

 

Date of 

Test 

Age 

In 

Days 

Dimensions 

(cm) 

Unit 

Weight 

(kg/dm
3
) 

Tensile 

Strength 

(MPa) L D 

 C-1 31/07/19 27/08/19 28 30 15 2.26 2.61 

 ‗‘ ‗‘ ‗‘ ‗‘ 30 15 2.26 2.59 

 ‗‘ ‗‘ ‗‘ ‗‘ 30 15 2.26 2.61 

                                                                                                     Average           2.26                 2.60 

 C-2 31/07/19 27/08/19 28 30 15 2.45 2.41 

 ‗‘ ‗‘ ‗‘ ‗‘ 30 15 2.45 2.55 

 ‗‘ ‗‘ ‗‘ ‗‘ 30 15 2.45 2.41 

                                                                      Average           2.45 2.46 

 C-3 31/07/19 27/08/19 28 30 15 2.26 2.09 

 ‗‘ ‗‘ ‗‘ ‗‘ 30 15 2.26 2.29 

 ‗‘ ‗‘ ‗‘ ‗‘ 30 15 2.26 2.31 

                                                                                                     Average 2.26                 2.23 
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4.2.2. C-30 Cylindrical Concretes for batch B-2  

 

 
 

4.2.3. C-30 Cylindrical Concretes for batch B-3 

 

 
 
 
 

 

Sample 

No. 

 

Client’s 

Markin

g 

 

Date 

Poured 

 

Date of 

Test 

Age 

In 

Days 

Dimensions 

(cm) 

Unit 

Weight 

(kg/dm
3
) 

Tensile 

Strength 

(MPa) L D 

 C-1 01/08/19 28/08/19 28 30 15 2.45 2.72 

 ‗‘ ‗‘ ‗‘ ‗‘ 30 15 2.45 2.55 

 ‗‘ ‗‘ ‗‘ ‗‘ 30 15 2.45 2.59 

                                                                                                     Average           2.45                 2.62 

 C-2 01/08/19 28/08/19 28 30 15 2.26 2.62 

 ‗‘ ‗‘ ‗‘ ‗‘ 30 15 2.26 2.61 

 ‗‘ ‗‘ ‗‘ ‗‘ 30 15 2.26 2.45 

                                                                      Average           2.26 2.56 

 C-3 01/08/19 28/08/19 28 30 15 2.36 2.32 

 ‗‘ ‗‘ ‗‘ ‗‘ 30 15 2.36 2.34 

 ‗‘ ‗‘ ‗‘ ‗‘ 30 15 2.36 2.49 

                                                                                                     Average 2.36 2.38 

 

Sample 

No. 

 

Client’s 

Markin

g 

 

Date 

Poured 

 

Date of 

Test 

Age 

In 

Days 

Dimensions 

(cm) 

Unit 

Weight 

(kg/dm
3
) 

Tensile 

Strength 

(MPa) L D 

 C-1 02/08/19 29/08/19 28 30 15 2.45 2.97 

 ‗‘ ‗‘ ‗‘ ‗‘ 30 15 2.45 3.25 

 ‗‘ ‗‘ ‗‘ ‗‘ 30 15 2.45 2.69 

                                                                                                     Average           2.45                 2.97 

 C-2 02/08/19 29/08/19 28 30 15 2.45 3.03 

 ‗‘ ‗‘ ‗‘ ‗‘ 30 15 2.45 2.98 

 ‗‘ ‗‘ ‗‘ ‗‘ 30 15 2.45 2.79 

                                                                      Average           2.45 2.93 

 C-3 02/08/19 29/08/19 28 30 15 2.45 2.83 

 ‗‘ ‗‘ ‗‘ ‗‘ 30 15 2.45 2.97 

 ‗‘ ‗‘ ‗‘ ‗‘ 30 15 2.45 2.55 

                                                                                                     Average 2.45 2.78 
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4.2.4. C-30 Cylindrical Concretes for batch B-4 

 

 
 

4.2.5. C-30 Cylindrical Concretes for batch B-5 

 

 
 
 
 
 
 

 

Sample 

No. 

 

Client’s 

Markin

g 

 

Date 

Poured 

 

Date of 

Test 

Age 

In 

Days 

Dimensions 

(cm) 

Unit 

Weight 

(kg/dm
3
) 

Tensile 

Strength 

(MPa) L D 

 C-1 03/08/19 30/08/19 28 30 15 2.45 3.54 

 ‗‘ ‗‘ ‗‘ ‗‘ 30 15 2.45 3.82 

 ‗‘ ‗‘ ‗‘ ‗‘ 30 15 2.45 3.39 

                                                                                                     Average           2.45                 3.58 

 C-2 03/08/19 30/08/19 28 30 15 2.45 3.39 

 ‗‘ ‗‘ ‗‘ ‗‘ 30 15 2.45 3.78 

 ‗‘ ‗‘ ‗‘ ‗‘ 30 15 2.45 3.19 

                                                                      Average           2.45 3.45 

 C-3 03/08/19 30/08/19 28 30 15 2.45 2.97 

 ‗‘ ‗‘ ‗‘ ‗‘ 30 15 2.45 2.69 

 ‗‘ ‗‘ ‗‘ ‗‘ 30 15 2.45 2.40 

                                                                                                     Average 2.45 2.69 

 

Sample 

No. 

 

Client’s 

Markin

g 

 

Date 

Poured 

 

Date of 

Test 

Age 

In 

Days 

Dimensions 

(cm) 

Unit 

Weight 

(kg/dm
3
) 

Tensile 

Strength 

(MPa) L D 

 C-1 04/08/19 01/09/19 28 30 15 2.45 2.83 

 ‗‘ ‗‘ ‗‘ ‗‘ 30 15 2.45 2.97 

 ‗‘ ‗‘ ‗‘ ‗‘ 30 15 2.45 2.55 

                                                                                                     Average           2.45                 2.78 

 C-2 04/08/19 01/09/19 28 30 15 2.45 2.79 

 ‗‘ ‗‘ ‗‘ ‗‘ 30 15 2.45 2.78 

 ‗‘ ‗‘ ‗‘ ‗‘ 30 15 2.45 2.61 

                                                                      Average           2.45 2.72 

 C-3 04/08/19 01/09/19 28 30 15 2.45 2.68 

 ‗‘ ‗‘ ‗‘ ‗‘ 30 15 2.45 2.26 

 ‗‘ ‗‘ ‗‘ ‗‘ 30 15 2.45 2.26 

                                                                                                     Average 2.45 2.40 
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4.3. Data of C-30 Beam Concretes for flexural strength   

 

     4.3.1. C-30 Beam Concretes for batch B-1  

  

 
 
 

4.3.2. C-30 Beam Concretes for batch B-2  
 

 
 
 

 

Sample 

No. 

 

Client’s 

Markin

g 

 

Date 

Poured 

 

Date of 

Test 

Age 

In 

Days 

Dimensions 

(cm) 

Unit 

Weight 

(kg/dm
3
) 

Flexural 

Strength 

(MPa) L b d 

 C-1 31/07/19 27/08/19 28 50 10 10 3.70 4.11 

 ‗‘ ‗‘ ‗‘ ‗‘ 50 10 10 3.70 4.29 

 ‗‘ ‗‘ ‗‘ ‗‘ 50 10 10 3.70 4.39 

                                                                                                     Average            3.70                4.263 

 C-2 31/07/19 27/08/19 28 50 10 10 3.60 3.89 

 ‗‘ ‗‘ ‗‘ ‗‘ 50 10 10 3.60 4.07 

 ‗‘ ‗‘ ‗‘ ‗‘ 50 10 10 3.60 3.92 

                                                                      Average            3.60 3.960 

 C-3 31/07/19 27/08/19 28 50 10 10 3.60 2.54 

 ‗‘ ‗‘ ‗‘ ‗‘ 50 10 10 3.60 2.84 

 ‗‘ ‗‘ ‗‘ ‗‘ 50 10 10 3.60 3.07 

                                                                                                     Average 3.60 2.821 

 

Sample 

No. 

 

Client’s 

Markin

g 

 

Date 

Poured 

 

Date of 

Test 

Age 

In 

Days 

Dimensions 

(cm) 

Unit 

Weight 

(kg/dm
3
) 

Flexural 

Strength 

(MPa) L b d 

 C-1 01/08/19 28/08/19 28 50 10 10 3.70 5.10 

 ‗‘ ‗‘ ‗‘ ‗‘ 50 10 10 3.70 4.60 

 ‗‘ ‗‘ ‗‘ ‗‘ 50 10 10 3.70 4.45 

                                                                                                     Average           3.70                 4.72 

 C-2 01/08/19 28/08/19 28 50 10 10 3.60 4.04 

 ‗‘ ‗‘ ‗‘ ‗‘ 50 10 10 3.60 3.98 

 ‗‘ ‗‘ ‗‘ ‗‘ 50 10 10 3.60 4.12 

                                                                      Average           3.60 4.05 

 C-3 01/08/19 28/08/19 28 50 10 10 3.60 2.86 

 ‗‘ ‗‘ ‗‘ ‗‘ 50 10 10 3.60 2.84 

 ‗‘ ‗‘ ‗‘ ‗‘ 50 10 10 3.60 3.04 

                                                                                                     Average 3.60 2.913 
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4.3.3. C-30 Beam Concretes for batch B-3 

 

 
 

4.3.4. C-30 Beam Concretes for batch B-4  

 

 
 
 
 
 
 

 

Sample 

No. 

 

Client’s 

Markin

g 

 

Date 

Poured 

 

Date of 

Test 

Age 

In 

Days 

Dimensions 

(cm) 

Unit 

Weight 

(kg/dm
3
) 

Flexural 

Strength 

(MPa) L b d 

 C-1 02/08/19 29/08/19 28 50 10 10 3.80 4.98 

 ‗‘ ‗‘ ‗‘ ‗‘ 50 10 10 3.80 4.51 

 ‗‘ ‗‘ ‗‘ ‗‘ 50 10 10 3.80 4.49 

                                                                                                     Average           3.80                 4.66 

 C-2 02/08/19 29/08/19 28 50 10 10 3.60 4.36 

 ‗‘ ‗‘ ‗‘ ‗‘ 50 10 10 3.60 4.09 

 ‗‘ ‗‘ ‗‘ ‗‘ 50 10 10 3.60 3.91 

                                                                      Average           3.60 4.120 

 C-3 02/08/19 29/08/19 28 50 10 10 3.60 3.79 

 ‗‘ ‗‘ ‗‘ ‗‘ 50 10 10 3.60 3.51 

 ‗‘ ‗‘ ‗‘ ‗‘ 50 10 10 3.60 3.45 

                                                                                                     Average           3.60 3.583 

 

Sample 

No. 

 

Client’s 

Markin

g 

 

Date 

Poured 

 

Date of 

Test 

Age 

In 

Days 

Dimensions 

(cm) 

Unit 

Weight 

(kg/dm
3
) 

Flexural 

Strength 

(MPa) L b d 

 C-1 03/08/19 30/08/19 28 50 10 10 3.80 4.52 

 ‗‘ ‗‘ ‗‘ ‗‘ 50 10 10 3.80 4.40 

 ‗‘ ‗‘ ‗‘ ‗‘ 50 10 10 3.80 4.41 

                                                                                                     Average           3.80                4.443 

 C-2 03/08/19 30/08/19 28 50 10 10 3.60 3.88 

 ‗‘ ‗‘ ‗‘ ‗‘ 50 10 10 3.60 4.05 

 ‗‘ ‗‘ ‗‘ ‗‘ 50 10 10 3.60 3.93 

                                                                      Average           3.60 3.953 

 C-3 03/08/19 30/08/19 28 50 10 10 3.60 3.42 

 ‗‘ ‗‘ ‗‘ ‗‘ 50 10 10 3.60 3.26 

 ‗‘ ‗‘ ‗‘ ‗‘ 50 10 10 3.60 2.96 

                                                                                                     Average 3.60 3.213 
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4.3.5. C-30 Beam Concretes for batch B-5 

 

 

  Average Temperature and Humidity     

  Temperature & Humidity(Inside) Temperature & Humidity(Outside)  

Date 9:00 AM 12:00 AM 6;00 PM 9:00 AM 12:00 AM 6;00 PM  

27/08/19 

 17.5˚c  and 

71% 

21.7°c and 

69% 

17.9°c and 

77% 

18.2°c and 

70% 22.8°c and 65% 19.8°c and 74%  

28/08/19 

  18.6˚c  and 

80% 

21.1°c and 

68% 

18.2°c and 

72% 

21.4°c and 

62% 21.2°c and 69% 18.3°c and 74%  

29/08/19 

  18.8˚c  and 

76% 

19.5°c and 

72% 

18.9°c and 

70% 

21.5°c 

and74% 21.4°c and 67% 19.0°c and 72%  

Average 

   18.3˚c  and 

76% 

20.8°c and 

70% 

18.3°c and 

73% 

  20.4˚c  and 

69% 21.8°c and 67% 19.03°c and74%  

 

 

 

 

 

 

 

 

 

Sample 

No. 

 

Client’s 

Markin

g 

 

Date 

Poured 

 

Date of 

Test 

Age 

In 

Days 

Dimensions 

(cm) 

Unit 

Weight 

(kg/dm
3
) 

Flexural 

Strength 

(MPa) L b d 

 C-1 04/08/19 01/09/19 28 50 10 10 3.60 4.19 

 ‗‘ ‗‘ ‗‘ ‗‘ 50 10 10 3.60 4.02 

 ‗‘ ‗‘ ‗‘ ‗‘ 50 10 10 3.60 4.06 

                                                                                                     Average           3.60                4.09 

 C-2 04/08/19 01/09/19 28 50 10 10 3.60 3.79 

 ‗‘ ‗‘ ‗‘ ‗‘ 50 10 10 3.60 4.02 

 ‗‘ ‗‘ ‗‘ ‗‘ 50 10 10 3.60 3.51 

                                                                      Average           3.60 3.773 

 C-3 04/08/19 01/09/19 28 50 10 10 3.60 3.85 

 ‗‘ ‗‘ ‗‘ ‗‘ 50 10 10 3.60 3.26 

 ‗‘ ‗‘ ‗‘ ‗‘ 50 10 10 3.60 3.15 

                                                                                                     Average            3.60 3.420 


