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CHAPTER-1 

 INTRODUCTION 

 

1.1 GENERAL 

Development of self-compacting concrete (SCC) is a desirable achievement in the 

construction industry in order to overcome problems associated with cast-in-place concrete. 

Self compacting concrete is not affected by the skills of workers, the shape and amount of 

reinforcing bars or the arrangement of a structure and, due to its high-fluidity and resistance 

to segregation it can be pumped longer distances (Bartos, 2000)[3]. The concept of self-

compacting concrete was proposed in 1986 by Professor Hajime Okamura (1997) [32], but 

the prototype was first developed in 1988 in Japan, by Professor Ozawa (1989) [35] at the 

University of Tokyo. Self-compacting concrete was developed at that time to improve the 

durability of concrete structures. Since then, various investigations have been carried out and 

SCC has been used in practical structures in Japan, mainly by large construction companies. 

Investigations for establishing a rational mix-design method and self-compact ability testing 

methods have been carried out from the viewpoint of making it a standard concrete. Self-

compacting concrete is cast so that no additional inner or outer vibration is necessary for the 
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compaction. It flows like “honey” and has a very smooth surface level after placing. With 

regard to its composition, self-compacting concrete consists of the same components as 

conventionally vibrated concrete, which are cement, aggregates, and water, with the addition 

of chemical and mineral admixtures in different proportions (see Chapter 4). Usually, the 

chemical admixtures used are high-range water reducers (super plasticizers) and viscosity-

modifying agents, which change the rheological properties of concrete. Mineral admixtures 

are used as an extra fine material, besides cement, and in some cases, they replace cement. In 

this study, the cement content was partially replaced with mineral admixture Phosphogypsum 

that improve the flowing and strengthening characteristics of the concrete. 

1.2 HISTORICAL DEVELOPMENT OF SELF-COMPACTING CONCRETE: 

Self-compacting concrete, in principle, is not new. Special applications such as 

underwater concreting have always required concrete, which could be placed without the 

need for compaction (Bartos, 2000) [3]. In such circumstances vibration was simply 

impossible. Early self-compacting concretes relied on very high contents of cement paste and, 

once superplasticizers became available, they were added in the concrete mixes. The mixes 

required specialized and well-controlled placing methods in order to avoid segregation, and 

the high contents of cement paste made them prone to shrinkage. The overall costs were very 

high and applications remained very limited. 

The introduction of “modern” self-leveling concrete or self-compacting concrete 

(SCC) is associated with the drive towards better quality concrete pursued in Japan around 

1983, where the lack of uniform and complete compaction had been identified as the primary 

factor responsible for poor performance of concrete structures (Dehn et al., 2000)[6]. Due to 

the fact that there were no practical means by which full compaction of concrete on a site was 

ever to be fully guaranteed, the focus therefore turned onto the elimination of the need to 

compact, by vibration or any other means. This led to the development of the first practicable 
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SCC by researchers Okamura and Ozawa, around 1986, at the University of Tokyo and the 

large Japanese contractors (e.g. Kajima Co., Maeda Co., Taisei Group Co., etc.) quickly took 

up the idea. The contractors used their large in-house research and development facilities to 

develop their own SCC technologies. Each company developed their own mix designs and 

trained their own staff to act as technicians for testing on sites their SCC mixes. A very 

important aspect was that each of the large contractors also developed their own testing 

devices and test methods (Bartos, 2000) [3]. In the early 1990’s there was only a limited 

public knowledge about SCC, mainly in the Japanese language. The fundamental and 

practical know-how was kept secret by the large corporations to maintain commercial 

advantage. The SCCs were used under trade names, such as the NVC (Non-vibrated 

concrete) of Kajima Co., SQC (Super quality concrete) of Maeda Co. or the Biocrete (Taisei 

Co.). Simultaneously with the Japanese developments in the SCC area, research and 

development continued in mix-design and placing of underwater concrete where new 

admixtures were producing SCC mixes with performance matching that of the Japanese SCC 

concrete (e.g. University of Paisley / Scotland, University of Sherbrook / Canada) (Ferraris, 

1999)[11]. 

1.3 MOTIVE FOR DEVELOPMENT OF SELF-COMPACTING CONCRETE: 

The motive for development of self-compacting concrete was the social problem on 

durability of concrete structures that arose around 1983 in Japan. Due to a gradual reduction 

in the number of skilled workers in Japan's construction industry, a similar reduction in the 

quality of construction work took place. As a result of this fact, one solution for the 

achievement of durable concrete structures independent of the quality of construction work 

was the employment of self-compacting concrete, which could be compacted into every 

corner of a formwork, purely by means of its own weight (Figure1.1). Studies to develop self-

compacting concrete, including a fundamental study on the workability of concrete, were 
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carried out by researchers Ozawa and Maekawa (Bartos, 2000) [3] at the University of 

Tokyo. 

During their studies, they found that the main cause of the poor durability 

performances of Japanese concrete in structures was the inadequate consolidation of the 

concrete in the casting operations. By developing concrete that self-consolidates, they 

eliminated the main cause for the poor durability performance of the concrete. By 1988, the 

concept was developed and ready for the first real-scale tests and at the same time the first 

prototype of self-compacting concrete was completed using materials already on the market. 

The prototype performed satisfactorily with regard to drying and hardening shrinkage, heat of 

hydration, denseness after hardening, and other properties and was named “High 

Performance Concrete.” 

 

Fig 1.1 Necessity of Self-Compacting Concrete (Ouchi and Hibino, 2000) [34]. 

  At almost the same time, “High Performance Concrete” was defined as a 

concrete with high durability due to low water-cement ratio by professor Aitkin (Ouchi et al., 

1996) [33]. Since then, the term high performance concrete has been used around the world 

to refer to high durability concrete. Therefore, Okamura (1997)[32] has changed the term for 

the proposed concrete to “Self-Compacting High Performance Concrete.” 

1.4 BENEFITS AND ADVANTAGES OF SCC: 

Modern, presently day self-compacting concrete (SCC) can be classified as an advanced 

construction material.  The SCC as the name suggests, does not require to be vibrated to 
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achieve full compaction.  This offers many benefits and advantages over conventional 

concrete. 

 Improved quality of concrete and reduction of onsite repairs. 

 Faster construction times. 

 Lower overall costs. 

 Facilitation of introduction of automation into concrete construction. 

 Improvement of health and safety is also achieved through elimination of handling of 

vibrators. 

 Substantial reduction of environmental noise loading on and around a site. 

 Possibilities of utilization of “dusts”, which are currently waste products demanding with 

no practical application and which are costly to dispose of. 

 Better surface finishes. 

 Easier placing. 

1.5 CONSTRUCTION ISSUES: 

Since the development of the prototype of self-compacting concrete in 1988, the use 

of self-compacting concrete in actual structures has gradually increased. The main reasons for 

the employment of self-compacting concrete can be summarized as follows: 

doirep noitcurtsnoc netrohs oT ٭ 

c erussa oT ٭ompaction in the structure - especially in confined zones where vibrating 

compaction is difficult 

 noitarbiv ot eud esion etanimile oT ٭- effective especially at concrete products plants By 

employing self-compacting concrete, the cost of chemical and mineral admixtures is 

compensated by the elimination of vibrating compaction and work done to level the surface 

of the normal concrete. However, the total cost for a certain construction cannot always be 
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reduced, because conventional concrete is used in a greater percentage than self-compacting 

concrete. SCC can greatly improve construction systems previously based on conventional 

concrete requiring vibrating compaction. Vibration compaction, which can easily cause 

segregation, has been an obstacle to the rationalization of construction work. Once this 

obstacle has been eliminated. Concrete construction could be rationalized and a new 

construction system, including formwork, reinforcement, support and structural design, could 

be developed (Fig 1.2). 

 Fig 1.2 

Rational construction system proposed by Ozawa (Ouchi et al., 1996)[33]. 

1.6 PHOSPHOGYPSUM: 

In India, about 6 million tons of waste gypsum such as phosphogypsum, 

flourogypsum etc., are being generated annually. Phosphogypsum is a by-product in the wet 

process for manufacture of phosphoric acid (ammonium phosphate fertilizer) by the action of 

sulphuric acid on the rock phosphate. It is produced by various processes such as dihydrate, 

hemihydrate or anhydrite processes. In India the majority of phosphogypsum is produced by 

the dehydrate process due to its simplicity in operation and lower maintenance as compared 
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to other processes. The other sources of phosphogypsum are by-products of hydrofluoric acid 

and boric acid industries. 

Current worldwide production of phosphoric acid yields over 100 million tons of 

phosphogypsum per year. While most of the rest of the world looked at phosphogypsum as a 

valuable raw material and developed process to utilize it in chemical manufacture and 

building products, India blessed with abundant low-cost natural gypsum piled the 

phosphogypsum up rather than bear the additional expense of utilizing it as a raw material. It 

should be noted that during most of this time period the primary reason phosphogypsum was 

not used for construction products in India was because it contained small quantities of silica, 

fluorine and phosphate (P205) as impurities and fuel was required to dry it before it could be 

processed for some applications as a substitute for natural gypsum, which is a material of 

higher purity. 

However, these impurities impair the strength development of calcined products. It has only 

been in recent years that the question of radioactivity has been raised and this question now 

influences every decision relative to potential use in building products in this country. 
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                                                                               CHAPTER-2  

LITERATURE REVIEW 

2.1 GENERAL 

Present-day self-compacting concrete can be classified as an advanced construction 

material. As the name suggests, it does not require to be vibrated to achieve full compaction. 

This offers many benefits and advantages over conventional concrete. These include an 

improved quality of concrete and reduction of on-site repairs, faster construction times, lower 

overall costs, facilitation of introduction of automation into concrete construction. An 

important improvement of health and safety is also achieved through elimination of handling 

of vibrators and a substantial reduction of environmental noise loading on and around a site. 

The composition of SCC mixes includes substantial proportions of fine-grained inorganic 

materials and this gives possibilities for utilization of mineral admixtures, which are currently 

waste products with no practical applications and are costly to dispose of (St John, 1998) 

[45]. 

2.2 Previous Research Work on Self-Compacting Concrete: 

Self-compacting concrete extends the possibility of use of various mineral by-products in 

its manufacturing and with the densification of the matrix, mechanical behavior, as measured 

by compressive, tensile and shear strength, is increased. On the other hand, the use super 

plasticizers or high range water reducers, improves the stiffening, unwanted air entrainment, 

and flowing ability of the concrete. Practically, all types of structural constructions are 

possible with this concrete. The use of SCC not only shortens the construction period but also 

ensures quality and durability of concrete. This non-vibrated concrete allows faster placement 

and less finishing time, leading to improved productivity.  
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In the following, a summary of the articles and papers found in the literature, about the 

self-compacting concrete and some of the projects carried out with this type of concrete, is 

presented. 

Hajime Okamura [32]: A new type of concrete, which can be compacted into every corner 

of a formwork purely by means of its own weight, was proposed by Okamura (1997). In 

1986, he started a research project on the flowing ability and workability of this special type 

of concrete, later called self-compacting concrete. The self-compactability of this concrete 

can be largely affected by the characteristics of materials and the mix proportions. In his 

study, Okamura (1997) has fixed the coarse aggregate content to 50% of the solid volume and 

the fine aggregate content to 40% of the mortar volume, so that self-compactability could be 

achieved easily by adjusting the water to cement ratio and superplasticizers dosage only.  

A model formwork, comprised of two vertical sections (towers) at each end of a 

horizontal trough, was used by professor Okamura to observe how well self-compacting 

concrete could flow through obstacles. Figure 2.1 shows the ends of small pipes mounted 

across the horizontal trough and used as obstacles. The concrete was placed into a right-hand 

tower, flowed through the obstacles, and rose in the left-hand tower.  

                 

   Fig 2.1 Small pipes used as obstacles in formwork (Okamura, 1997). 

The obstacles were chosen to simulate the confined zones of an actual structure. The concrete 

in the left-hand tower rose to almost the same level as in the right-hand tower. Similar 
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experiments of this type were carried out over a period of about one year and the applicability 

of self compacting concrete for practical structures was verified. This research was started at 

the suggestion of professor Kokubu (Okamura, 1997) from Kobe University, Japan, one of 

the advisors of Hajime Okamura. They thought that it would be easy to create this new 

concrete because anti washout underwater concrete was already in practical use. Anti 

washout underwater concrete is cast underwater and segregation is strictly inhibited by 

adding a large amount of a viscous agent (anti washout admixture), which prevents the 

cement particles from dispersing in the surrounding water. However, it was found that anti 

washout underwater concrete was not applicable for structures in open air for two reasons: 

first, entrapped air bubbles could not be eliminated due to the high viscosity; and second, 

compaction in the confined areas of reinforcing bars was difficult. Thus, for the achievement 

of self-compactability, a superplasticizer was indispensable. With a superplasticizer, the paste 

can be made more flowable with little concomitant decrease in viscosity, compared to the 

drastic effect of the water, when the cohesion between the aggregate and the paste is 

weakened (Figure 2.2). 

 

Fig 2.2 Effect of superplasticizer on viscosity (Okamura, 1997) 

The water-cement ratio was taken between 0.4 and 0.6 depending on the properties of 

the cement. The superplasticizer dosage and the final water-cement ratio were determined so, 
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as to ensure the self-compactability, evaluated subsequently by using the U-type test (Ouchi 

and Hibino, 2000)[34]. 

Kazumasa Ozawa:[35] After Okamura began his research in 1986, other researchers in 

Japan have started to investigate self-compacting concrete, looking to improve its 

characteristics. One of those was Ozawa (1989) who has done some research independently 

from Okamura, and in the summer of 1988, he succeeded in developing self-compacting 

concrete for the first time. The year after that, an open experiment on the new type of 

concrete was held at the University of Tokyo, in front of more than 100 researchers and 

engineers. As a result, intensive research has begun in many places, especially in the research 

institutes of large construction companies and at the University of Tokyo. 

 Ozawa (1989) completed the first prototype of self-compacting concrete using 

materials already on the market. By using different types of superplasticizers, he studied the 

workability of concrete and developed a concrete which was very workable. It was suitable 

for rapid placement and had a very good permeability. The viscosity of the concrete was 

measured using the V-funnel test (see Chapter 1).  

Other experiments carried out by Ozawa (1989) focused on the influence of mineral 

admixtures, like fly ash and blast furnace slag, on the flowing ability and segregation 

resistance of self-compacting concrete. He found out that the flowing ability of the concrete 

improved remarkably when Portland cement was partially replaced with fly ash and blast 

furnace slag. After trying different proportions of admixtures, he concluded that 10-20% of 

fly ash and 25-45% of slag cement, by mass, showed the best flowing ability and strength 

characteristics. 

Kuroiwa: Kuroiwa (1993)[25] developed a type of concrete, which contained materials 

normally found in conventional concrete such as Portland cement, aggregate, water, mineral 

and chemical admixtures. The chemical admixtures were added in order to improve the 
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deformability and the viscosity of the concrete. The newly developed type of concrete was 

called super-workable concrete and showed excellent deformability and resistance to 

segregation. It could also fill completely heavily reinforced formworks without any use of 

vibrators. After the laboratory tests it was found out that the super-workable concrete had 

superior properties in the fresh state and excellent durability after hardening. Because of its 

properties, it was considered that it would be Suitable for projects involving heavily 

reinforced areas and was employed in the construction of a 20-story building. The concrete 

was placed in the center-core from basement to the third floor. The building had a design of a 

hybrid structure, in which the reinforced concrete core was surrounded by a steel mantle. The 

greatest diameter used for the reinforcing bars was 2” and the forms were very congested. 

Ready mixed concrete plants situated near the construction site produced approximately 2000 

m
3 

of super-workable concrete, which was placed successfully. 

Khayat et al(1997)[23] : The use of self-consolidating concrete can facilitate the placement 

of concrete in congested members and in restricted areas. Given the highly flowable nature of 

such concrete, care is required to ensure adequate stability. This is especially important in 

deep structural members and wall elements where concrete can segregate and exhibit 

bleeding and settlement, which can result in local structural defects that can reduce 

mechanical properties. 

 The objective of Khayat’s (1997) et al. research was to evaluate the uniformity of in 

situ mechanical properties of self-consolidating concrete used to cast experimental wall 

elements. Eight optimized SCC mixtures with slump flow values greater than 630 mm and a 

conventional concrete with a slump of 165 mm were investigated. The self-compacting 

concrete mixtures incorporated various combinations of cementitious materials and chemical 

admixtures. The water-cementitious materials ratios ranged from 0.37 to 0.42. Experimental 

walls measuring 95cm in length, 20 cm in width, and 150 cm in height were cast. After 
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casting, no consolidation was used for the SCC mixtures, while the medium fluidity 

conventional concrete received through internal vibration. Several cores were obtained in 

order to evaluate the uniformity of compressive strength and modulus of elasticity along the 

height of each wall. Khayat (1997) et al. found out that all cores from both types of concrete 

exhibited little variation in compressive strength and modulus of elasticity in relation to 

height of the wall, indicating a high degree of strength uniformity. However, compressive 

strength and modulus of elasticity were greater for SCC samples than those obtained from the 

medium fluidity conventional concrete. 

Dehn et al.: Dehn (2000)[6] et al. have focused their research work on the time development 

of SCC compressive and splitting tensile strength and the bond behavior between the 

reinforcing bars and the self-compacting concrete compared to normal concrete.  

In order to ensure a good production of SCC, a mix design should be performed, so 

that the predefined properties of the fresh and hardened concrete would be reached for sure. 

All the components should be coordinated so that bleeding and segregation would be 

prevented. Because of these aspects, their mix design was based on experience from Japan, 

Netherlands, France, and Sweden. Due to the fact that the load bearing capacity of a 

reinforced concrete structure is considerably influenced by the bond behavior between the 

reinforcing bars and the concrete, the following items were taken into account: 

cnA ٭horage of the reinforcing bars 

lortnoc htdiw kcarC ٭ 

srab gnicrofnier deppal ٭ 

  For this reason, investigations on the bond behavior between the re-bars and the SCC 

were necessary, especially considering the time development of the bond strength. These 

investigations showed, that the main parameters which influence the bond behavior are the 

surface of the re-bars, the number of load cycles, the mix design, the direction of concreting, 
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as well as the geometry of the (pull-out) test specimens. The bond behavior was determined 

under uniform static loading using pullout specimens having a uniform concrete cover around 

the reinforcing bar. The bar diameter for the whole test series was 10 mm and the concrete 

cover around it had a diameter of 10 cm and a length of also 10 cm. 

       

Fig 2.3 Pullout Specimen (Dehn et al., 2000) 

 

To avoid an unwanted force transfer between the reinforcing bar and the concrete in the 

unbonded area, the re-bars were encased with a plastic tube and sealed with a highly elastic 

silicone material. The re-bars were placed concentrically and the concrete was cast parallel to 

the loading direction. The tests were carried out in an electro mechanic testing machine 

where the specimens were loaded with a loading rate of 0, 0008 mm/sec. The applied force of 

the machine was measured corresponding to the slip displacement of the reinforcing bar on 

the non-loaded side. The increase of the slip path was constantly monitored during the whole 

testing period. Experimental results showed higher compressive strengths (36%) and splitting 

tensile strengths (28%) of the SCC specimens compared to normal concrete specimens. Also, 
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the bond behavior measured at 1, 3, 7 and 28 days after concreting was better for self-

compacting concrete than that of normally vibrated concrete. 

Subramanian and Chattopadhyay: Subramanian and Chattopadhyay (2002)[46] are 

research and development engineers at the ECC Division of Larsen & Toubro Ltd (L&T), 

Chennai, India. They have over 10 years of experience on development of self-compacting 

concrete, underwater concrete with anti washout admixtures and proportioning of special 

concrete mixtures. Their research was concentrated on several trials carried out to arrive at an 

approximate mix proportion of self-compacting concrete, which would give the procedure for 

the selection of a viscosity modifying agent, a compatible superplasticizer and the 

determination of their dosages. The Portland cement was partially replaced with fly ash and 

blast furnace slag, in the same percentages as Ozawa (1989)[35] has done before and the 

maximum coarse aggregate size did not exceed 1”.  

The two researchers were trying to determine different coarse and fine aggregate 

contents from those developed by Okamura. The coarse aggregate content was varied, along 

with water-powder (cement, fly ash and slag) ratio, being 50%, 48% and 46% of the solid 

volume. The U-tube trials were repeated for different water-powder ratios ranging from 0.3 to 

0.7 in steps of 0.10. On the basis of these trials, it was discovered that self-compactability 

could be achieved when the coarse aggregate content was restricted to 46 percent instead of 

50 percent tried by Okamura (1997)[32]. In the next series of experiments, the coarse 

aggregate content was fixed at 46 percent and the sand content in the mortar portion was 

varied from 36 percent to 44 percent on a solid volume basis in steps of 2 percent. Again, the 

water-powder ratio was varied from 0.3 to 0.7 and based on the U-tube trials a sand content 

of 42 percent was selected. In order to show the necessity of using a viscosity-modifying 

agent along with a super plasticizer, to reduce the segregation and bleeding, the mixture 

proportion developed by the two researchers was used to cast a few trial specimens. In these 
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trials, viscosity-modifying agent was not used. The cast specimens were heavily reinforced 

slabs having 2400x600x80 mm and no vibration or any other method of compaction was 

used. However, careful qualitative observations revealed that the proportions needed to be 

delicately adjusted within narrow limits to eliminate bleeding as well as settlement of coarse 

aggregate. It was difficult to obtain a mixture that was at the same time fluid but did not 

bleed. This led to the conclusion that slight changes in water content or granulometry of 

aggregate may result either in a mixture with inadequate flowing ability, or alternatively one 

with a tendency for coarse aggregate to segregate. Therefore, it became necessary to 

incorporate a viscosity-modifying agent in the concrete mixture.  

Viscosity-modifying agents can be a natural polymer such as guar gum, a semi-

synthetic polymer such as hydroxy propyl methyl cellulose, or water-soluble polysaccharides, 

including those derived from a microbial source such as welan gum. Experiments involving 

three types of gums were being carried out by the two researchers. One commonly used 

thickener in cement based systems, namely hydroxy propyl methyl cellulose (HPMC), a low-

priced gum known as guar gum and a special product called welan gum were selected for 

studying their suitability for use in self-compacting concrete. On a first consideration, a1l 

these qualified as viscosity modifying agents. However, some of these substances, with the 

exception of welan gum, had shortcomings. Guar gum had to be made into a suspension in 

water after heating to 60°C and stirring for about one hour. This solution lost its suspending 

power after twelve hours. HPMC was not compatible with the naphthalene formaldehyde 

superplasticizer and entrained excessive air, causing a reduction in strength (Figure 2.4). 

Welan gum is suitable for use in self-compacting concrete because it combines with most 

types of superplasticizer and has superior suspending power, compare to guar gum and 

hydroxyl propyl methyl cellulose (HPMC). 
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Fig 2.4 Compressive strength of SCC with and without HPMC (Subramanian and 

Chattopadhyay, 2002). 

In order to arrive at an acceptable combination of dosages of welan gum and 

superplasticizer, Subramanian and Chattopadhyay (2002) ran several tests related to the 

tendency of the concrete to bleed and its ability to pass the U-tube test. They discovered that 

with a combination corresponding to 0.1 percent of welan gum and 0.53 percent by weight of 

water acrylic copolymer type superplasticizer, a satisfactory self-compacting mixture could 

be obtained. 

B.Krishna Rao et. al. (2010) [2]: in this investigation performed to compare the properties of 

plain normal compacting concrete (NCC) and SCC with steel fiber. Ten SCC mixtures and 

one NCC were investigated in this study. The content of the cementitious materials was 

maintained constant (600 kg/m3), while the water/cementitious material ratio is kept constant 

0.31. The self-compacting mixtures had a cement replacement of 35% by weight of Class F 

fly ash. The variables in this study were aspect ratio (0, 15, 25 and 35) and percentage of 

volume fraction (0, 0.5, 1.0 and 1.5) of steel fibers. Slump flow time and diameter, J-Ring, V-

funnel, and L-Box were performed to assess the fresh properties of the concrete. Compressive 

strength, splitting tensile strength and flexural strength of the concrete were determined for 

the hardened properties. A marginal improvement in the ultimate strength was observed. The 
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addition of fiber enhanced the ductility significantly. The optimum volume fraction (V) and 

aspect ratio (A) of fiber for better performance in terms of strength was found to be 1.0 

percent and 25. The results indicated that high-volume of fly ash can be used to produce Steel 

fiber reinforced self compacting concrete, even though there is some increase in the concrete 

strength because of the use of steel fiber and high-volume of fly ash. 

2.3 INFLUENCE OF ADMIXTURES ON CONCRETE PROPERTIES: 

In the following are presented several papers, found in the literature, on the effects of 

Mineral and chemical admixtures on the fresh and hardened concrete. The mineral 

admixtures referred to are blast-furnace slag, fly ash, and silica fume. The chemical 

admixtures considered are high range water reducer or super plasticizer and viscosity-

modifying agent. 

2.3.1 Mineral Admixtures: 

Mineral admixtures are added to concrete as part of the total cementitious system. 

They may be used in addition to or as a partial replacement of Portland cement in concrete 

depending on the properties of the materials and the desired effect on concrete (Mindess et 

al., 2003)[29]. Mineral admixtures are used to improve a particular concrete property such as 

workability, strength or compactability. The optimum amount to use should be established by 

testing to determine  

(1) Whether the material is indeed improving the property, and 

 (2) The correct dosage rate,  

As an overdose or under dose can be harmful or not achieve the desired effect, because they 

react differently with different cements (Kosmatka et al., 2002)[24]. 

Blast Furnace Slag: 

Blast furnace slag (BFS), also called slag cement, is made by rapidly quenching 

molten Blast-furnace slag and grinding the resulting material into a fine powder. BFS is 
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classified by ASTM C 989 according to its level of reactivity. Depending on the desired 

properties, the amount of BFS can be as high as 50 percent by mass, of the total cementitious 

materials content (Ramachandran, 1981) [39]. 

In his research, Russell (1997) [43] found out that the use of slag cement lowers 

concrete permeability, thereby reducing the rate of chloride ion diffusion. Proper 

proportioning of slag cement can eliminate the need to use low alkali or sulfate-resistant 

Portland cements. Russell’s results showed that BFS can be used to enhance the strength gain 

at later ages than 28 days; it replaces 20 to 30 percent by mass of the Portland cement. 

Sobolev (1999)[44] studied the effect of adding up to 50% by mass granulated blast-

furnace slag in the cementitious material that resulted in the increasing of chemical and 

thermal resistance. The very low permeability of the concrete obtained, provided high 

resistance to chemical attack and to freezing and thawing cycles. There was no visible 

destruction of blast furnace slag concrete samples after 140 cycles of freezing and thawing at 

-50ºC, and they also demonstrated high resistance to elevated temperatures.  

Hale (2000) et al [16] investigated the effects of the cement replacement with 25% by 

mass blast-furnace slag on fresh and hardened concrete properties. As a result, compressive 

strengths were increased by approximately 25 percent at 28 days as compared to normal 

Portland cement mixtures. The use of 25 percent blast-furnace slag led to minor to moderate 

reductions in slump and slightly lower air contents as compared to conventional mixtures. 

Fly Ash: 

Gebler and Klieger (1983) [15] studied concretes containing fly ash in order to 

determine its effect on the air-void stability. 10% to 20% by mass of fly ash was used in the 

total amount of cementitious material. The tests undertaken indicated that air contents of 

concrete containing Class C fly ash appeared to be more stable than those of concrete 

containing Class F fly ash. This occurred primarily because Class C fly ashes have lower 
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organic matter content and carbon content values. The studies revealed that the higher the 

organic matter content of a fly ash, the higher would be the air-entraining admixture 

requirement for concrete in which the admixture is used. Practically, all concretes containing 

fly ash required more air-entraining admixture than concretes without fly ash and the 

concretes containing Class C fly ash tended to lose less air than concretes with Class F fly 

ash. 

Dietz and Ma (2000) [7] in their research, showed a possible application of lignite fly 

ash (LFA) for the production of Self-Compacting Concrete (SCC). The lignite fly ash has not 

only some characteristics of potential hydraulic materials, it can also improve the rheological 

properties of the fresh concrete because of its fineness, which is a primary advantage for 

SCC. Self-compacting concrete with lignite fly ash shows a good flowing ability and high 

self compactability. 

Lignite Fly Ashes (LFA) are fine residues of ground lignite burned in the power plant 

industry. In comparison with fly ashes from coal, LFA contains obviously more free lime and 

sulfate. The chemical and mineralogical composition of the LFA shows wide variations and 

because of that, fly ash with a free lime content of approximately 22% was chosen for the 

project. The choice of this type of ash was due to its availability and its constant quality. Two 

differently lignite fly ashes were used. One LFA, which was untreated showed a high free 

lime content and was called Untreated Lignite Fly Ash (U-LFA). The other fly ash, which 

was treated with water, was called Treated Lignite Fly Ash (T-LFA). In the latter case, the 

free lime has changed into calcium hydroxide. Cementitious material consisted of 75% 

cement and 25% fly ash, by mass. It was discovered that, if the cement is replaced from 10% 

to 25% by U-LFA or TLFA, the water requirement is reduced. This is favorable for the 

workability of the fresh concrete. The reduced water requirement indicated that the grains of 

the cement - LFA mixture were more densely compacted. The volume between the particles, 
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which should be filled with water, became smaller due to the denser packing. Furthermore, 

the spherical LFA particles favorably affected the workability of the mixture. It was seen that 

the U-LFA set very quickly. The setting and hardening of the cement-U-LFA paste was 

clearly shortened by U-LFA. The higher the U-LFA proportion was, the faster the paste 

hardened and, because of this, U-LFA was replaced by T-LFA, which shortened the setting 

times only slightly. 

The slump flow and funnel tests showed values within the ranges of other tests 

Previously undertaken. The compressive strengths of hardened concrete specimens decreased 

with the increasing proportion of U-LFA over 25%, while they remained approximately 

constant when T-LFA was used in percentages that exceeded 25%. After 28 days, 

compressive strengths between 50 Mpa and 60 Mpa and splitting tensile strengths between 4 

and 5 Mpa were obtained for self-compacting concretes, with w/c ratios ranging from 0.3 to 

0.46. 

Silica Fume: 

Khayat (1997) et al [22]. evaluated the influence of silica fume blended with cement 

on some properties of fresh and hardened concrete. The properties studied were bleeding, 

slump loss and time of setting, compressive strength. A total of 26 commonly used concrete 

mixtures in the Canadian construction industry were developed. Half of the mixtures were 

air-entrained and had water-cement ratios ranging from 0.3 to 0.6. The remaining half 

contained non air-entrained mixtures and the water-cement ratios varied between 0.45 and 

0.7. 

Studies undertaken revealed that the addition of small percentages of silica fume, 

usually fewer than 10%, and proper amount of high range water-reducing admixture (super 

plasticizer) could decrease the viscosity of the paste, thus reducing the water demand and the 

risk of bleeding. The small particles of silica fume can displace some of the water present 

among flocculated cement particles and fill some of the voids between the coarser particles, 
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which otherwise can be occupied by some of the mix water. This causes some gain in 

workability and densification of the fresh paste. Concrete mixtures made with blended silica 

fume cement exhibited substantially less bleeding than those made with type I Portland 

cement. In addition, mixtures made with blended silica fume cement showed 15 to 20 mm 

greater loss of slump than concretes without silica fume. 

In general, concrete mixtures made with type I Portland cement and blended silica 

fume cement exhibited similar initial times of setting that were within one hour apart. When 

15% of silica fume was added with a high dosage of superplasticizer, initial and final times of 

setting were delayed by approximately 1 and 2 hours, respectively. Regarding the 

compressive strength, Khayat (1997) et al. found out that after three days of curing, no effect 

of cement type was observed on the development of compressive strength for concretes. 

However, starting with the seventh day, mixtures containing blended silica fume cement 

exhibited greater strength than those made with type I Portland cement. After 28 days, in non 

air-entrained concretes, the use of blended silica fume cement resulted in approximately 20% 

strength gain compared with mixtures containing only Portland cement. Similar results were 

obtained in air-entrained concrete. 

The influence of silica fume on workability and compressive strength of concretes 

were the major research objectives for Duval and Kadri (1998) [9]. Concretes that have been 

investigates had low water-cement ratios (0.25 to 0.40). The type I Portland cement was 

replaced by 10-30% by mass silica fume and super plasticizer was added. It was found that 

silica fume increased best the compressive strength (25%) and the workability of concretes 

when its content was between 4 and 8 percent. Duval and Kadri also found out that if silica 

fume exceeds 15% of the cementitious material, both compressive and tensile strengths are 

reduced. 
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In their study, Khaloo and Houseinian (1999) [20] investigated the influence of silica 

fume on compressive strength and durability of concrete. The percentage of silica fume was 

between 1% and 15% and the water-cement ratios ranged from 0.3 to 0.6. The coarse and fine 

aggregates consisted of river gravel and sand with maximum size of 25 mm and 5 mm, 

respectively. 

 The test results indicated that 5 to 10 percent by mass replacement of silica fume for 

cement provided the highest strength for short and long terms. Compressive strength of silica 

fume concrete at 28 days compared to conventional concrete increased by 20 to 40 percent, 

for all the variables considered. After 300 cycles, all of the concrete specimens passed ASTM 

C 666 for freezing and thawing durability test. 

Phosphogypsum: 

Phosphogypsum is a by-product of phosphate fertilizer plants and chemical industries. 

As it is contaminated with the impurities that impair the strength development of calcined 

products, it can be used as partial replacement of cement. 

T.Siva Sankar Reddy, D. Rupesh Kumar and H. Sudarsana Rao(2010)[47] studied the 

experimental investigation on compressive, tensile and flexural strength characteristics of 

partially cement replaced phosphogypsum concrete using 0%., 10%, 20%, 30% and 40% 

replacement with different water-binder ratios of 0.40, 0.45, 0.50, 0.55, 0.60 and 0.65. The 

strength characteristics are studied by casting and testing a total of 450 specimens, which 

consists of 270 cubes, 90 cylinders and 90 beams for 7, 28 and 90 days. It is shown that a part 

of Portland cement can be replaced with phosphogypsum to develop a good and hardened 

concrete to achieve economy; above 10% replacement of Phosphogypsum in concrete lead to 

drastic reduction not only in the compressive strength but in the split-tensile strength also; the 

flexural strength decreases as width and number of cracks increases significantly at 

replacement above 10% of cement with phosphogypsum at different water binder ratios.  
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M.A. Taher (2007)[27] studied, thermal treatment of phosphogypsum (PG) at 

different temperatures 200, 400, 600 and 800 ◦C were attempted to purify PG and improve its 

quality to make it fit for the manufacture of Portland slag cement (PSC). PG is a waste of 

phosphoric acid manufacturing by dehydrate process in Egypt. It is a fine powder with high 

calcium sulphate content. This waste causes various environmental problems when 

discharged directly to the environment. The thermally treated PG was found to have lesser 

amount of impurities of phosphates, fluorides and organic matter than the impure material. In 

this investigation, preparation of Portland slag cement (PSC) in laboratory was carried out by 

mixing Portland cement clinker (PCC) and blast furnace slag (BFS) with thermally treated 

PG at different temperatures instead of raw gypsum (RG). The characteristics of prepared 

mortars were investigated by determination of compressive strength, bulk density and total 

porosity. The hydration kinetics of cement mortars was evaluated by determination free lime 

and chemically combined water contents. IR spectroscopic analysis was used for investigates 

the change in structure of mortars after curing. The change in morphology and microstructure 

of some hardened pastes were investigated by scanning electron microscopy (SEM) tests. The 

results show that, Portland slag cement produced using 6% thermally treated PG at 800 ◦C 

improves its hydraulic properties. 

2.3.2 Chemical Admixtures: 

Chemical admixtures represent those ingredients which can be added to the concrete 

mixture immediately before or during mixing. The use of chemical admixtures such as water 

reducers, retarders, high-range water reducers or super plasticizers (SP), and viscosity-

modifying admixtures is necessary in order to improve some fundamental characteristics of 

fresh and hardened concrete. They make more efficient use of the large amount of 

cementitious material in high strength and self-compacting concretes and help to obtain the 

lowest practical water to cementing materials ratio. 
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Chemical admixtures efficiency must be evaluated by comparing strengths of trial 

batches. Also, compatibility between cement and supplementary cementing materials, as well 

as water reducers, must be investigated by trial batches. From these, it will be possible to 

determine the workability, setting time, bleeding, and amount of water reduction for given 

admixture dosage rates and times of addition. Due to the fact that this research dealt only 

with super plasticizers and viscosity modifiers, papers found in the literature about these 

types of chemical admixtures would be presented in the following. 

Superplasticizers: 

Ozkul and Dogan (1999) [36] studied the effect of an N-vinyl copolymer super 

plasticizer on the properties of fresh and hardened concretes. Workability of concrete was 

measured by slump flow test and in situ tests were undertaken to find out the pumping ability 

of super plasticized concrete. The coarse aggregate was crushed stone with the maximum size 

of 25 mm. By using this chemical admixture, which was a little bit different from the 

conventional ones, the ability of water reduction was increased along with the retention of 

high workability for a longer time. 

In situ test results obtained by Ozkul and Dogan (1999) demonstrated that the 

Superplasticized concrete could be pumped easily from a height of about 13 m and the filling 

capacity was greater than 85%. The pumping pressure was the same as for normal pump able 

concrete and no segregation was observed. For mixtures with water-cement ratios between 

0.3 and 0.45, the slump diameters were between 500 mm and 740 mm and the compressive 

strength varied between 53 MPa and 68 MPa at 28 days of age.  

In their work, Roncero (1999) et al [41] evaluated the influence of two super 

plasticizers (a conventional melamine based product and a new-generation comb-type 

polymer) on the shrinkage of concrete exposed to wet and dry conditions. Tests of cylinders 

with embedded extensometers have been used to measure deformations over a period of more 
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than 250 days after casting. In general, it was observed that the incorporation of super 

plasticizers increased the drying shrinkage of concretes when compared to conventional 

concretes, whereas it did not have any significant influence on the swelling and autogenously 

shrinkage under wet conditions. The melamine-based product led to slightly higher shrinkage 

than the comb-type polymer. 

Viscosity Modifiers: 

The viscosity modifiers or viscosity modifying admixtures (VMA) were developed in 

order to improve the rheological properties of cement paste in concretes (Khayat and Guizani, 

1997) [21]. These admixtures enhance the viscosity of water and eliminate as much as 

possible the bleeding and segregation phenomena in the fresh concrete. Because not all types 

of viscosity modifiers have showed satisfactory results, research has concentrated on only 

two types: welan gum and anti washout admixtures. 

Khayat (1997) et al[21]. evaluated the properties of welan gum in achieving self-

compacting concrete for use in congested members and confined areas. The viscosity-

modifying admixture (welan gum) was used to ensure adequate stability for concrete cast in 

deep structural members and wall elements in order to avoid segregation and bleeding which 

can result in local structural defects that can affect its mechanical properties. All the SCC 

mixtures had high filling capacities ranging between approximately 60 and 70 percent, 

indicating excellent deformability without blockage among closely spaced obstacles. No 

external bleeding was observed on the top surface of any of the cast wall elements and the 

settlement values of the self-compacting mixtures measured on 150 cm walls ranged between 

1.4 and 2.9 mm. This corresponds to 0.1 and 0.2 percent of the wall heights and is less than 

that for normal concrete, which was around 0.4 percent. 

In their research, Takada (1999) et al [48] investigated the influence of welan gum, a 

kind of natural polysaccharide-based viscosity agent, on the water-cementitious material 
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ratio. It was found that the viscosity modifier raised the value of the ratio due to its 

characteristics to make the mixture viscous. Welan gum increased the viscosity of the free 

water in the fresh concrete by the ability of its polymers’ characteristics to associate each 

other in water. The tests results showed that a slump flow value of 650 ± 30 mm and a V-

funnel time of 11 ± 2 sec were achieved by using 0.01 to 0.02 percent viscosity agent and 

0.025 to 0.035 percent Superplasticizer from the total cementitious material. The values were 

considered adequate for a workable self-compacting concrete. 

2.4 EXAMPLES OF SELF-COMPACTING CONCRETE APPLICATIONS: 

Since the development of the prototype of self-compacting concrete in 1988, the use 

of this type of concrete in actual structures has gradually increased. Due to its special 

properties, self-compacting concrete has been chosen to partially replace the conventional 

concrete in a few construction projects of major importance, in Japan and Canada. The 

following are some examples of construction applications, which used self-compacting 

concrete. 

The Bankers Hall project, which was one of the largest commercial office projects in 

Calgary, Western Canada, involved the placement of self-compacting 

concrete in two mat foundations with congested reinforcement (Nmai and Violetta, 1996) 

[31]. The amount of concrete used was approximately 9000 m
3
 and the mixture was 

proportioned so that it would have very good flowing characteristics in order to satisfy the 

pumping and placement requirements, because of the intricate reinforcement. 

A very important application of self-compacting concrete was the two anchorages of 

Akashi-Kaikyo (Straits) Bridge opened in April 1998 in Japan (Ouchi and Hibino, 2000)[34], 

a suspension bridge with the longest span in the world, approx. 1,991 meters (Figure 2.5). 

The volume of the cast concrete in the two anchorages was around 290,000 m
3
. A new 

construction system, which made full use of the performance of self-compacting concrete, 
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was introduced for this. The concrete was mixed at the batching plant beside the site and was 

pumped out of the plant. It was transported 200 meters through pipes to the casting site, 

where the pipes were arranged in rows of 3 to 5 meters apart. The concrete was cast from 

gate valves located at 5- Meter intervals along the pipes. These valves were automatically 

controlled so that a surface level of the cast concrete could be maintained. In the final 

analysis, the use of self-compacting concrete shortened the anchorage construction period by 

20%, from 2.5 to 2 years. 

 

Fig 2.5 Anchorage of Akashi-Kaikyo Bridge, Japan (Ouchi and Hibino, 2000). 

Self-compacting concrete was also used with success for the wall of a large Liquid 

Nitrogen Gas (LNG) tank belonging to the Osaka Gas Company, Japan, whose concrete 

casting was completed in June 1998 (Ouchi and Hibino, 2000)[34]. In this case, the volume 

of the concrete used in the tank amounted 12,000 m
3

 and was transported from the batching 

plant using ready mixed trucks. 

A new developed construction system used for casting concrete is the so-called 

sandwich structure, where concrete is filled into a steel shell (Ozawa, 1989) [35]. This sort of 

structure has already been completed in Kobe, Japan, which could not have been achieved 

without the development of self-compacting concrete (Fig 2.6). 
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Fig 2.6 Sandwich structure applied to immersed tunnel in Kobe, Japan (Ozawa, 1989). 

Nowadays, self-compacting concrete applications are limited to special cases where it 

is impossible to use ordinary concretes. In these cases, the quality control relies on several 

different non-standard, and mostly not fully applicable, tests supplemented by a significant 

personal expertise of specialist suppliers or contractors. Due to this fact, special measures 

must be taken in order for the self-compacting concrete to be considered a standard concrete. 

2.5 MATERIALS FOR SELF-COMPACTING CONCRETE: 

The materials used in Self-Compacting concrete are: 

(i) Portland Cement 

(ii) Fine aggregate conforming to Zone I of IS: 383 – 1980[17]. 

(iii) Coarse aggregate with maximum size of 16mm. 

(iv) Water 

(v) Acrylic polymers based super-plasticizers. 

(vi) Mineral admixtures like phosphogypsum etc. 

(vii) Viscosity modifying admixtures (based on organic polymers). 
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2.5.1 Portland Cement: 

Portland cement concrete is foremost among the construction materials used in Civil 

Engineering projects around the world. The reasons for its often use are varied, but among 

the more important are the economic and widespread availability of its constituents, its 

versatility and adaptability, as evidenced by the many types of construction in which it is 

used, and the minimal maintenance requirements during service (Mindess et al., 2003)[29]. 

Concrete is unique among major construction materials in that it is generally designed 

specifically for a particular project using locally available materials (Lay, 1990) [26]. 

Regarding its composition, concrete is considered a composite material made of 

coarse granular material (the aggregate or filler) embedded in a hard matrix of material (the 

cement or binder) that fills the space between the aggregate particles and glues them together 

(Mindess et al., 2003). Aggregates can be obtained from many different kinds of materials, 

but the most used materials from the nature are common rocks. 

There is a wide variety of cements that are used to some extent in the construction and 

building industries, or to solve special engineering problems (Bentz, 2001)[4]. The chemical 

compositions of these cements can be quite diverse, but by far the greatest amount of 

concrete used today is made with Portland cements (Atkins, 2003) [1]. In principle, the 

manufacture of Portland cement is very simple and relies on the use of abundant raw 

materials. An intimate mixture, usually of limestone and clay, is heated in a kiln to 1400 to 

1600°C (2550 to 2900°F), which is the temperature range in which the two materials interact 

chemically to form the calcium silicates. High-quality cements require raw materials of 

adequate purity and uniform composition. 

A typical chemical composition of an ordinary Portland cement is given in Table 2.1. 

It can be noted that the quantities do not add up to 100%, the missing percentages being 

accounted for by impurities. 

Table2.1 Typical composition of ordinary Portland cement (Mindess et al., 2003). 
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Chemical Name Chemical Formula 
Shortened 

Notation 

Weight 

Percent 

Tricalcium silicate 

Dicalcium silicate 

Tricalcium aluminate 

Tetracalcium aluminoferrite 

Calcium sulfate dihydrate 

  (gypsum) 

3CaO.SiO2 

2CaO.SiO2 

3CaO.Al2O3 

4CaO.Al2O3.Fe2O3 

CaSO4.2H2O 

C3S 

C2S 

C3A 

C4AF 

CSH2 

55 

18 

10 

8 

6 

 

 

 

 

2.5.2 Aggregates: 

Generally, aggregates occupy 70% to 80% of the volume of concrete and have an 

important influence on its properties. They are granular materials, derived for the most part 

from natural rock (crushed stone, or natural gravels) and sands, although synthetic materials 

such as slag and expanded clay or shale are used to some extent, mostly in lightweight 

concretes (Mindess et al., 2003)[29]. In addition to their use as economical filler, aggregates 

generally provide concrete with better dimensional stability and wear resistance. Although 

aggregate strength can play sometimes an important role, for example in high-strength 

concretes, for most applications the strength of concrete and mix design are essentially 

independent of the composition of aggregates. However, in other instances, a certain kind of 

rock may be required to attain certain concrete properties, e.g., high density or low coefficient 

of thermal expansion (Neville, 1993) [30]. 

In order to obtain a good concrete quality, aggregates should be hard and strong, free 

of undesirable impurities, and chemically stable (Garber and Hoel, 1988) [14]. Soft and 

porous rock can limit strength and wear resistance, and sometimes it may also break down 

during mixing and adversely affect workability by increasing the amount of fines. Rocks that 
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tend to fracture easily along specific planes can also limit strength and wear resistance 

(Neville, 1993)[30]. Aggregates should also be free of impurities like silt, clay, dirt, or 

organic matter. If these materials coat the surfaces of the aggregate, they will isolate the 

aggregate particles from the surrounding concrete, causing a reduction in strength. Silt, clay 

and other fine materials will increase the water requirements of the concrete, and the organic 

matter may interfere with the cement hydration. 

 

2.5.3 Phosphogypsum: 

 Phosphogypsum refers to the gypsum formed as a byproduct of processing phosphate 

ore into fertilizer with sulfuric acid. Phosphogypsum is produced from the fabrication of 

phosphoric acid by reacting phosphate ore (apatite) with acid according to the following 

reaction: 

Ca5(PO4)3X + 5 H2SO4 + 2 H2O → 3 H3PO4 + 5 CaSO4.2 H2O + HX 

Where X may include OH, F, Cl, or Br 

Phosphogypsum is radioactive due to the presence of naturally occurring uranium and radium 

in the phosphate ore. 

Marine-deposited phosphate typically has a higher level of radioactivity than igneous 

phosphate deposits, because uranium is present in seawater. 

Characteristics of Phosphogypsum: 

 The materials contain impurities of P2O5, F, organic matter, alkalis (Na2O+K2O) and 

Cl. 

 The low pH of Phosphogypsum shows acidic characteristics. 

 Most of gypsum crystals exhibit some defects like cavities and irregular boundaries. 

 The crystals appeared like jumble of hexagonal leaves of vateristic nature the 

appearance of such crystal habit could be due to impurities of P2O5. 
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 The fluorine and phosphate contains by product gypsum are considered deletious. 

 The phosphate content affects setting properties of cement and fluorine content causes 

ring formation in klin. 

 The limit generally specified for use in cement is 0.15% phosphate P2O5 maximum. 

Properties of Phosphogypsum: 

Physical Properties: 

Depending on the reaction temperature used to produce phosphoric acid, calcium 

sulfate in either the dihydrate (CaSO4.2H20) or the hemihydrate (CaSO4.½H20) form is 

generated as a by-product filter cake. The gypsum cake, after filtration, usually has free 

moisture content between 25 and 30 percent. Hemihydrate, in the presence of free water will, 

fairly rapidly, convert to dihydrate (gypsum) and in the process, if left undisturbed, will set 

up into a relatively hard cemented mass. 

Dihydrate consists of relatively soft, principally silt-size (<0.075mm) aggregates of 

crystals, the morphology of which depends on the source of the phosphate rock and the 

reactor conditions. 

Engineering properties: 

Engineering properties of phosphogypsum such as density, strength, compressibility 

and permeability (hydraulic conductivity), are not only controlled by the rock source and 

reaction process, but also by the method of deposition, age, location and depth within the 

landfill or stack in which the gypsum is placed. The deeper the gypsum is within a stack and 

the older the stack, the higher its density and strength and the lower its compressibility and 

permeability, provided solution channels and cavities have not developed in the stack as a 

result of rainfall infiltration. 
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Chemical Properties: 

Phosphogypsum consists primarily of calcium sulphate dihydrate with small amounts 

of silica, usually as quartz, and unreacted phosphate rock. Radium and uranium, as well as 

minor amounts of USEPA toxic metals, namely, arsenic, barium, cadmium, chromium, lead, 

mercury, selenium and silver and phototoxic fluoride and aluminum are also present in 

phosphogypsum and its pore water. The concentrations of the heavy metals and radionuclides 

depend on the composition of the phosphate rock feed. The concentrations of constituents in 

phosphate rock, phosphogypsum and process water (i.e., free water in gypsum stacks and 

cooling ponds) from Central Florida have been reported by Garlanger. 

Environmental concerns, more perceived than real, have developed in the last ten 

years because of the presence of the trace toxic metals and radionuclides in Phosphogypsum 

and its pore water. As a result, its usage, transportation and storage, as well as that of the 

associated ponds which contain process water at pH values below 2, are now in the U.S.A. 

regulated by state agencies such as the Florida Department of Environmental Protection 

(FDEP) and/or the U.S. Environmental Protection Agency (USEPA). 

Chemical composition of Phosphogypsum: 

Constituents (%)     

Normal moisture content  : 15-25% 

Analysis on moisture free sample components (%) 

a) Gypsum (CaSO4.2H2O)   : 92.0-94.0 

b) Silica (SiO2+insolubles)   : 4.0 max 

c) Iron oxide + Alumina (Fe2O3+Al2O3) : 0.3 max 

d) Lime (CaO)     : 30.0-31.0 

e) Magnesia (MgO)    : 0.1 max 
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f) Alkalis (Na2O+K2O )   : 0.3-0.4 (0.5 max) 

g) Total phosphate P2O5   : 0.6-1.0 

h) Total Sulphuric anhydride (SO3)  : 42.8-44.0 

i) Fluorides as F    : 0.4-0.5(0.7 max) 

j) Chlorides as C    : 0.3-0.5(0.6 max) 

k) pH of 10% solution    : 5.0-6.0(4 min) 

l) Loss of ignition    : 19.80 

Uses of phosphogypsum: 

 Roads base that is cheaper than and as effective if not more as current road base 

materials. 

 An agricultural soil amendment which would provide much needed sulfur to the soil. 

 Landfills cover to speed the degradation of waste and extend the life of land fill. 

 A material to make ceramic roofing tiles. 

 A material used for marine substructure, such as oyster culch. 

Table 2.2 Comparison between phosphogypsum and other admixtures: 

 Phosphogypsum Fly ash Silica fume GGBS 

Shape Crystal form Spherical form 
Smooth Spherical 

form 
Glassy form 

Specific 

gravity 
2.35 

Ranges from 1.9 

to 2.5 

Ranges from 1.3 to 

1.4 

2.9 

 

Colour 

White,colourless,

yellowish white, 

brown 

Grey,black Light to dark grey 
Lighter 

colour 

pH pH is 4.0  pH is 4.7  

Density 2.3 0.9 to 1.6 gm/cc Approx 2.2 2.7 

Advanta

ges 

High compressive 

strength, Reduce 

permeability, 

Improve 

workability, 

Reduce 

Increase 

cohesiveness of 

fresh concrete, 

Possible 

improve 

sulfate 
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Improve cracking 

resistance and 

ductility, 

Decrease the 

radiation 

exposure, 

Cost is very low 

(1 ton= 1550Rs). 

 

permeability, 

Increases the 

ultimate 

strength, 

Reduce heat of 

hydration, 

Possible 

reduction in 

alkali silica 

reaction, 

Possible increase 

in sulfate attack. 

High early strength, 

Reduce 

permeability, 

Higher ultimate 

strength, 

Reduce alkali silica 

reaction. 

 

attack, 

Reduced 

permeability 

Possible 

reduction in 

alkali silica 

reaction. 

 

Disadva

ntages 

Low tensile 

strength 
 

Increase water 

demand, Increase 

shrinkage cracking 

potential. 

Lower early 

strength. 

Uses 

It is used for high 

ways, runways, 

marine structures, 

agriculture 

purpose, roofing 

tiles. 

High volume 

Flyash is used in 

many high rise 

buildings, 

industrial 

structures, 

waterfront 

structures, 

concrete roads, 

roller compacted 

concrete dams. 

It is used for high 

performance 

concrete contains 

micro fibers to 

combat explosive 

spalling during 

exposure of fire also 

used in polymers, 

elastomers, 

refractories, ceramic 

and rubber. 

It is used for 

blended 

cement and 

cement 

admixture. 

 

Applicat

ions 

By using 

phosphogypsum 

marine structures 

and roads are 

constructed in 

flourida. 

In India first 

used in Rihard 

irrigation 

project, UP 

in1992, 

It is used in nuclear 

power corporation in 

Kaiga & Kota.also 

used in flyovers and 

Bandra-worli sea 

link project at 

It is used in 

large 

batching 

plants and in 

RMC. 
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Mumbai. 

 

 2.5.4 Superplasticizers: 

Superplasticizers (high-range water-reducers) are low molecular-weight, water-

soluble Polymers designed to achieve high amounts of water reduction (12-30%) in concrete 

mixtures in order to attain a desired slump (Gagne et al.,1996)[13]. These admixtures are 

used frequently to produce high-strength concrete (> 50 MPa), since workable mixes with 

water-cement ratios well below 0.40 are possible (Whiting, 1979) [49]. They also can be used 

without water reduction to produce concretes with very high slumps, in the range of 150 to 

250 mm (6 to 10 inches). At these high slumps, concrete flows like a liquid (Figure 2.7) and 

can fill forms efficiently, requiring very little vibration. These highly workable mixtures are 

called flowing concretes and require slumps to be in excess of 190 mm (8.5 inches). 
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Fig 2.7 Effect of super plasticizer on cement: (a) Cement and water; (b) Cement, water, 

and super plasticizer (Ramachandran, 1984) [40]. 

Water-reducing admixtures are negatively charged organic molecules that adsorb 

primarily at the solid-water interface, whereas solid particles carry residual charges on their 

surfaces, which may be positive, negative, or both (Russell, 1983)[42]. In cement paste, 

opposing charges on adjacent particles of cement can exert considerable electrostatic 



International Journal of Emerging Trends in Engineering and Development      Issue 5, Vol. 4 (June.-July. 2015)           

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                  ISSN 2249-6149 

R S. Publication (rspublication.com), rspublicationhouse@gmail.com Page 302 
 

attractions, causing the particles to flocculate (Figure 2.8a). A considerable amount of water 

is tied up in these agglomerates and adsorbed on the solid surfaces, leaving less water 

available to reduce the viscosity of the paste and hence that of the concrete. Molecules of the 

water-reducing admixtures interact to neutralize these surface charges and cause all surfaces 

to carry uniform charges of like sign (Mindess et al., 2003)[29]. Particles now repel each 

other, rather than attract, and remain fully dispersed in the paste (Figure 2.8b), thus, most of 

the water is available to reduce the viscosity of the paste and of the concrete. Because 

superplasticizers have air-detraining properties, an air entraining agent must be added to the 

concrete to get a stable air void system before superplasticizers is added (Gagne et al., 

1996)[13]. 

               

Fig 2.8 Dispersing action of water-reducing admixtures: (a) flocculated paste; (b) 

dispersed paste (Mindess et al., 2003). 

Some high-range water-reducing admixtures can retard final set by one to almost four 

hours and if prolonged setting times are not convenient, the admixture can be combined with 

an accelerating admixture to counteract the retarding tendencies or even to provide some net 

acceleration of setting. When water-reducing admixtures are used in concrete mixtures, some 

increases in compressive strength can be anticipated and these increases can be observed in as 
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early as one day if excessive retardation does not occur. It is generally agreed that increases 

in compressive strength are up to 25% greater than would be anticipated from the decrease in 

water-cement ratio alone. Probably, this reflects the development of a uniform microstructure 

when the cement is dispersed (Ozyildirim, 2003) [37]. The reduction of the water-cement 

ratio and the creation of a more uniform pore structure mean that the permeability of concrete 

can be reduced by the use of superplasticizers, along with a general improvement of 

durability. 

2.5.5 Viscosity-Modifying Admixtures: 

Viscosity modifiers are high molecular-weight, water-soluble polymers used to raise 

the viscosity of water. Such compounds increase the cohesiveness of fresh concrete, reducing 

its tendency to segregate and bleed (Ferraris, 1999) [11]. They work by attaching their long 

molecules to the water molecules, process which inhibits the free displacement of water. 

These admixtures are helpful in improving the properties of lean concretes with low cement 

contents, concrete placed under water, and concretes or grouts that are placed by pumping. In 

the latter case, they reduce pumping pressures through improved lubricating properties, as 

well as reducing segregation tendencies. When compounds in this category are used to 

improve the cohesiveness of concrete being placed underwater, they are classified as 

antiwashout admixtures. Viscosity-modifying admixtures are added in concretes used in 

places with extreme congestions due to reinforcement configurations or unusual geometry 

forms, where fluid but cohesive concrete is required in order to resist bleeding and 

segregation (Dodson, 1990)[8]. 

The materials commonly used are polyethylene oxides, cellulose ethers, natural gums, 

and polyacrylamides or polyvinyl alcohol. Other materials used are finely divided solids such 

as clays and lime, but they tend to reduce the strength of the concrete and for this reason is 

primarily used in grouts when strength is not of major importance. 
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CHAPTER-3 

SCOPE & OBJECTIVE 

  

SCOPE OF INVESTIGATION: 
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Concrete is a vital ingredient in infrastructure development with its versatile and 

extensive applications.  It is the most widely used construction material because of its 

mouldability into any required structural form and shape due to its fluid behavior at early 

ages. However, there is a limit to the fluid behavior of normal fresh concrete. Through 

compaction, using vibration is normally essential for achieving workability, required strength 

and durability of concrete. Inadequate compaction of concrete results in large number of 

voids, affecting performance and long term durability of structures. Self-compacting concrete 

(SCC) provides a solution to these problems. As the name signifies, it is able to compact 

itself without any additional vibration or compactive effort. However, wide spread 

applications of SCC have been restricted due to lack of standard mix design procedure and 

testing methods.. Slump flow test, L-box test, and V-funnel test, are recommended by 

EFNARC [10](European Federation for Specialist Construction Chemicals and Concrete 

system) for determining properties of SCC in fresh state. This document presents the 

experimental investigation of Self Compacting Concrete using Phosphogypsum as mineral 

admixtures and testing rheological properties as per European Standards. 

The present work is aimed at designing the self compacting concrete mixes using 

different percentages of Phosphogypsum varying from 0%, 10%, 20% and 30%. Here totally 

12 mixes have been prepared. Out of which four mix proportions have satisfied all the 

properties of self compacting concrete such as slump flow test, L-Box test and V-Funnel 

tests.   

For these mixes, specimens were proposed to be cast and tested on the basis of the 

mix proportions arrived at compressive strength, split tensile strength and flexural strength 

for 7 days and 28 days curing period. A total of 48 specimens were cast and tested which 

consists of 24 cubes of size 150x150x150, 12 cylinders of size 150x300 and 12 flexure beams 

of size 100x100x500. 
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SCOPE AND OBJECTIVE: 

 

The principal objectives of the project investigation are; 

1. To study the effect of partial replacement of cement with Phosphogypsum on the 

self compacting concrete. 

2. To study the fresh properties of SCC such as filling ability, passing ability and 

blocking ratio for different mix proportions as per EFNARC guidelines. 

3. To study the mechanical properties such as compressive strength, split tensile 

strength and flexural strength for various percentages of Phosphogypsum. 

 

 

 

 

 

 

 

 

CHAPTER-4 

 MATERIALS AND METHODS 

 

4.1 MATERIALS USED: 

The different materials used in this investigation are  

 43 grade Ordinary Portland Cement 

 Coarse Aggregate 

 Fine Aggregate 
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 Phosphogypsum 

 Water 

 Superplasticizer 

 Viscosity modifying agent 

4.1.1 Cement: 

The cement used in all mixtures was commercially available Ordinary Portland 

cement (OPC) of 43 grade manufactured by Ultratech company confirming to IS: 8112-

1989[18] was used in this study. 

Table 4.1 Physical properties of cement 

S. No Property 
Experimental 

Values 

Suggested value as per 

IS: 8112-1989 code 

1. Specific gravity 3.03 3.14 

2. Normal Consistency 34% - - 

3. Initial Setting Time 105min Min 30 minutes 

4. Final Setting Time 247min Max 10 Hours 

 

4.1.2 Coarse Aggregate: 

 The coarse aggregate is used from a local crushing unit having 20mm normal size. 

20mm well-graded aggregate according to IS-383-1980[17] is used in this investigation. The 

coarse aggregate procured from quarry was sieved through all the sieves (i.e. 16mm, 12.5mm, 

10mm and 4.75mm), the material retained on each sieve was filled in bags and stacked 

separately.  

Table 4.2 Physical properties of coarse aggregate: 
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S. No Property Value 

1. Specific gravity 2.61 

2. Bulk density 1239 Kg/m
3
 

3. Water Absorption 0.4% 

4. Fineness modulus 7.01 

 

4.1.3 Fine Aggregate: 

 The fine aggregate (zone-1) was used to obtain from a nearby river course. The sand 

obtained from quarry was sieved through all the sieves (i.e. 2.36mm, 1.18mm, 600, 300, 

150). Sand retained on each sieve was filled in different bags and stacked separately for use. 

To obtain zone-I sand correctly, sand retained on each sieve is mixed in appropriate 

proportion.  

 

 

 

     Table 4.3 Physical properties of fine aggregate: 

S. No Property Value 

1. Specific gravity 2.48 

2. Fineness modulus 3.06 

3. Bulk Density 1502 Kg/m
3
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4. Grading Zone-I 

 

Table 4.4 sieve analysis of fine aggregate: 

Sieve 

Size 

(mm) 

Weight 

retained(gms) 

% weight 

retained 

Cumulative 

(%) weight 

Retained(F) 

% Weight 

passing 

Cumulative 

% weight 

passing 

4.75 22 2.2 2.2 97.8 97.8 

2.36 38 3.8 6 94 191.8 

1.18 221 22.1 28.1 71.9 263.7 

600 435 43.5 71.6 28.4 292.1 

300 270 27.0 98.6 1.4 293.5 

150 12 1.2 99.8 0.2 293.7 

 

4.1.4 Phosphogypsum: 

 The phosphogypsum used in the investigation was produced from Coromandel 

international ltd, Chennai. The phosphogypsum passing from 150 and 90 sieves was used 

throughout the experiment. The specific gravity of phosphogypsum was found to be 2.34. 

The phosphogypsum used in this study was basically to improve workability and 

cohesiveness of concrete. 

4.1.5 Super-Plasticizer: 

Glenium B233: 

 The Superplasticizer used in this experiment is Glenium B233. It is manufactured by 

BASF construction chemical India pvt.ltd, Mumbai. It complies to IS: 9103-1999[19] 

standards. On adding to concrete, it can cement particles i.e. enhances the workability 
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without much affecting the set of concrete. In the present investigation super plasticizer is 

used only to improve quality of concrete. 

 High performance cohesion agent specially designed to ensure a good consistency and 

stability in concrete with very high fluidity. The hyper plasticizer used in concrete mix makes 

it highly workable for more time with much lesser water quantity. It is observed that with use 

of large quantities of finer material (fine aggregate+ Phosphogypsum+ cement) the concrete 

in much stiff and requires more water for required workability. Hence, in the present 

investigations ultra high range water-reducing admixtures are used. 

Description: 

GLENIUM B233 is an admixture of a new generation based on modified 

polycarboxylic ether. The product has been primarily developed for applications in high 

performance concrete where the highest durability and performance is required.  

GLENIUM B233 is free of chloride & low alkali. It is compatible with all types of cements.  

Uses: 

 Production of Rheodynamic concrete  

 High performance concrete for durability  

 High early and ultimate strength concrete  

 High workability without segregation or bleeding  

 Precast & Pre-stressed concrete  

 Concrete containing pozzolans such as microsilica, GGBFS, PFA including high 

volume fly ash concrete. 

Advantages: 

 Elimination of vibration and reduced labour cost in placing  

 Marked increase in early & ultimate strengths  
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 Higher Young’s modulus  

 Improved adhesion to reinforcing and stressing steel  

 Better resistance to carbonation and other aggressive atmospheric conditions  

 lower permeability - increased durability  

 Reduced shrinkage and creep  

Physical and Chemical properties: 

Form     :  Liquid  

Colour    :  Light brown 

Odour     :  Characteristics 

Change in physical state 

Boiling point   :  > 100°C 

Melting point   :  Not applicable 

Flash Point    :  Not applicable 

Auto-ignition temperature  :  Not applicable 

Thermal decomposition :  Not determined 

Specific gravity (25°C)  :  ≈ 1.2 

Vapor pressure, mbar  :  Not determined 

Viscosity (25°C)  :  ≈ 50- 150 cps 

pH    :   6 - 9 

Solubility in water   :  Soluble 

Chemistry and mechanism of action: 

What differentiates GLENIUM B233 from the traditional superplasticizers is a new, 

unique mechanism of action that greatly improves the effectiveness of cement dispersion. 

Traditional superplasticizers based on melamine and naphthalene sulphonates are polymers 

which are absorbed by the cement granules. They wrap around the granules' surface areas at 
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the very early stage of the concrete mixing process. The sulphonic groups of the polymer 

chains increase the negative charge of the cement particle surface and disperse these particles 

by electrical repulsion. This electrostatic mechanism causes the cement paste to disperse and 

has the positive consequence of requiring less mixing water to obtain a given concrete 

workability.  

GLENIUM B233 has a different chemical structure from the traditional 

superplasticizers. It consists of a carboxylic ether polymer with long side chains. At the 

beginning of the mixing process it initiates the same electrostatic dispersion mechanism as 

the traditional superplasticizers, but the side chains linked to the polymer backbone generates 

a steric hindrance which greatly stabilizes the cement particles' ability to separate and 

disperse. Steric hindrance provides a physical barrier (a longside the electrostatic barrier) 

between the cement grains. With this process, flowable concrete with greatly reduced water 

content is obtained.  

Typical Properties: 

Aspect    : Light brown liquid 

Relative density  : 1.09 ± 0.01 at 25°C 

pH    : > 6 

Chloride ion content  : < 0.2% 

Specification Clause: 

The hyperplasticizer shall be GLENIUM B233, high range water reducing, 

Superplasticizer based on polycarboxylic ether formulation. The product shall have specific 

gravity of 1.09 & solid contents not less than 30% by weight. The product shall comply with 

ASTM C494 Type F and shall be free of lignosulphonates, naphthalene salts and melamine 

formaldehyde when subjected to IR Spectra. 

Direction for use: 
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GLENIUM B233 is a ready-to-use liquid which is dispensed into the concrete 

together with the mixing water. The plasticizing effect and water reduction are higher if the 

admixture is added to the damp concrete after 50 to 70% of the mixing water has been added. 

The addition of GLENIUM B233 to dry aggregate or cement is not recommended. Automatic 

dispensers are available. 

Thorough mixing is essential and a minimum mixing cycle, after the addition of the 

GLENIUM B233, of 60 seconds for forced action mixers is recommended. 

Dosage: 

Optimum dosage of GLENIUM B233 should be determined with trial mixes. As a 

guide, a dosage range of 500 ml to 1500ml per 100kg of cementitious material is normally 

recommended. Because of variations in concrete materials, job site conditions, and/or 

applications, dosages outside of the recommended range may be required.  

Effects of over dosage: 

A severe over-dosage of GLENIUM B233 can result in the following: 

 Extension of initial and final set 

 Bleed/segregation of mix, quick loss of workability 

 Increased plastic shrinkage 

A slight overdosing may not adversely affect the ultimate strength of the concrete and can 

achieve higher strengths than normal concrete, provided it is properly compacted and cured. 

Due allowance should be made for the effect of fluid concrete pressure on form work, and 

stripping times should be monitored. 

Compatibility: 

GLENIUM B233 is compatible with most of the POZZOLITH series products including 

POZZOLITH 55R. Use GLENIUM STREAM 2 is viscosity modifying agent in self 

compacting concrete.  
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Corrosivity – Non Corrosive: 

GLENIUM B233 admixture will neither initiate nor promote corrosion of reinforcing 

steel embedded in concrete, prestressed concrete or concrete placed on galvanized steel floor 

and roof systems. Neither calcium chloride nor any calcium chloride-based ingredients are 

used in the manufacture of GLENIUM B233 admixture. In all concrete application, 

GLENIUM B233 admixture will conform to the most stringent or minimum chloride ion 

limits currently suggested by construction industry standards and practices. 

Workability: 

GLENIUM B233 ensures that rheoplastic concrete remains workable in excess of 45 

minutes at +25°C. Workability loss is dependent on temperature, and on the type of cement, 

the nature of aggregates, the method of transport and initial workability. 

To achieve longer workability period please use POZZOLITH 55R as retarder or use 

GLENIUM SKY instead. It is strongly recommended that concrete should be properly cured 

particularly in hot, windy and dry climates. The use of MASTERKURE 111CF, evaporation 

reducer to prevent quick moisture loss from the surface of the flat works such as pavements 

in the dry, windy and hot climates is highly recommended. 

Storage and Shelf life: 

GLENIUM B233 must be stored where temperatures do not drop below +5°C. If 

product has frozen, thaw at +5°C or above and completely reconstitute using mild mechanical 

agitation. Do not use pressurized air for agitation. Store under cover, out of direct sunlight 

and protect from extremes of temperature. Shelf life is 12 months when stored as above.  

Safety precautions: 

As with all chemical products, care should be taken during use and storage to avoid 

contact with eyes, mouth, skin and foodstuffs (which can also be tainted with vapour until 

product fully cured or dried). Treat splashes to eyes and skin immediately. If accidentally 
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ingested, seek immediate medical attention. Keep away from children and animals. Reseal 

containers after use. Do not reuse containers for storage of consumable item.  

4.1.6 Viscosity Modifying Agent (V.M.A): 

Glenium Stream 2: 

Description: 

GLENIUM STREAM 2 is a premier ready-to-use, liquid, organic, viscosity-

modifying admixture (VMA) specially developed for producing concrete with enhanced 

viscosity and controlled rheological properties. Concrete containing GLENIUM STREAM 2 

admixture exhibits superior stability and controlled bleeding characteristics, thus increasing 

resistance to segregation and facilitating placement.  

The new technology of Rheodynamic
 

concrete allows concretes to be obtained that 

can become compact without vibration, even with strongly reinforced structures.  

A self-compacting mix should have a high workability and high viscosity.  

The fluidity of the mix is guaranteed provided there is no friction between the internal 

particles and the concrete can flow freely; segregation occurs when the components of the 

concrete separate out into mortar and large aggregates.  

Reaching the right balance between fluidity and resistance to segregation – apparently 

opposing properties – is essential for this type of mix. This balance is lacking when the 

fluidity of the concrete is obtained by adding water. Although a superplasticizer admixture 

gives high fluidity, alone it does not guarantee the necessary properties to ensure a good 

degree of self-compacting. That is why GLENIUM STREAM 2 is a fundamental admixture 

when making Rheodynamic Concrete.  

Uses: 

 Rheodynamic Self-Compacting Concrete  

 Concrete containing gap-graded aggregates  
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 Lean concrete mixtures  

 Concrete containing manufactured sand  

Advantages:  

 Increased viscosity & thixotropic properties  

 Improved stability during transport & placing  

 Controlled bleeding  

 Reduced segregation, even with highly fluid mix  

 Enhanced pumping and finishing  

 Reduced sagging – dimensional stability  

 Enables flexibility in mixture proportioning  

 

Physical and Chemical properties: 

 Form     :  Liquid  

 Colour    :  Light brown 

 Odour     :  Characteristics 

 Change in physical state 

 Boiling point   :  > 100°C 

 Melting point   :  Not applicable 

 Flash Point    :  Not applicable 

 Auto-ignition temperature  :  Not applicable 

 Thermal decomposition :  Not determined 

 Specific gravity (25°C)  :  ≈ 1.2 

 Vapor pressure, mbar  :  Not determined 

 Viscosity (25°C)  :  ≈ 50 - 150 cps 

 pH    :   6 - 9 
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 Solubility in water   :  Soluble 

Mechanism of action: 

GLENIUM STREAM 2 consists of a mixture of water soluble copolymers which is 

adsorbed onto the surface of the cement granules, thereby changing the viscosity of the water 

and influencing the rheological properties of the mix.  

GLENIUM STREAM 2 is chloride-free and compatible with all cements. It is 

incompatible for use with naphthalene sulphonate based superplasticizer admixtures.  

It is possible with GLENIUM STREAM 2 to:  

 Refine the rheology of the mixes by increasing cohesiveness and eliminating 

bleeding;  

 Produce concretes distinguished by their great stability and strong capacity to retain 

water;  

 Make the mixture less sensitive to variations in sand grading, to the shape and 

moisture content of the aggregates and to the characteristics of the binders;  

 Obtain greater flexibility of choice and type of casts because of a low risk of 

segregation, greater pumping speeds and distances.  

Typical Properties: 

Aspect    : Colourless free flowing liquid 

Relative density  : 1.01 ± 0.01 at 25°C 

pH    : > 6 

Chloride ion content  : < 0.2% 

Specification Clause:  

The viscosity modifying agent (VMA) shall be GLENIUM STREAM 2, an organic, 

ready-to-use, liquid admixture specially formulated for applications in Rheodynamic 

Concrete. The product shall comply with the EFNARC VMA guidelines 2006.  

Rheodynamic Concrete: 
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Rheodynamic concrete is an ultra-stable form of self compacting concrete, a very 

flowable concrete mixture that is able to fill every part and corner of formwork, even in the 

presence of dense reinforcement, due to its high fluidity and stability. Rheodynamic Concrete 

is produced using a GLENIUM series, high range, water reducing admixture and, typically an 

organic viscosity modifying admixture such as GLENIUM STREAM 2.  

Rheodynamic Concrete is different from traditional self compacting concrete because of its 

enhance stability and other unique properties that include:  

 Slump flow of 500 – 800 mm  

 Controlled rheology  

 Mixture proportioning flexibility  

 Reduced sensitivity to normal variations in aggregate gradation  

 Increased resistance to segregation  

 Enhanced surface appearance  

 Predictable engineering properties and improved structural integrity and durability.  

Directions for use:  

GLENIUM STREAM 2 is a ready-to-use liquid admixture, which should be added to 

the concrete after all the other components of the mix. This is particularly important in order 

to obtain maximum efficiency. For best performance it is advisable to continue mixing until 

the mix is completely homogeneous.  

To produce Rheodynamic Concrete, GLENIUM STREAM 2 should be used in 

combination with the other superplasticizer admixtures of the GLENIUM range in order to 

guarantee maximum efficiency.  

A slight decrease in slump or slump flow may be noted after the addition of 

GLENIUM STREAM 2 admixture due to the increase in concrete viscosity. If necessary, the 

slight decrease in slump or slump flow can be offset easily by a minor increase in 
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superplasticizer dosage. Also, because of its thixotropic properties, concrete containing 

GLENIUM STREAM 2 admixture may stiffen if left in a mixing vessel or truck without 

agitation. Workability can be restored by simply remixing the concrete mixture. GLENIUM 

STREAM 2 admixture has little to no effect on concrete setting time, slump retention, air 

content and compressive strength within the recommended dosage rate.  

 

 

Dosage:  

GLENIUM STREAM 2 is dosed at the rate of 50 to 500 ml/100 kg of cementitious 

material. Other dosages may be recommended in special cases according to specific job site 

conditions.  

Storage and Shelf life: 

GLENIUM STREAM 2 must be stored where temperatures do not drop below +5°C. 

If product has frozen, thaw at +5°C or above and completely reconstitute using mild 

mechanical agitation. Do not use pressurized air for agitation. Store under cover, out of direct 

sunlight and protect from extremes of temperature.  

Shelf life is at 12 months when stored as above.  

Safety precautions: 

As with all chemical products, care should be taken during use and storage to avoid 

contact with eyes, mouth, skin and foodstuffs (which can also be tainted with vapour until 

product fully cured or dried). Treat splashes to eyes and skin immediately. If accidentally 

ingested, seek immediate medical attention. Keep away from children and animals. Reseal 

containers after use. Do not reuse containers for storage of consumable item.  
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4.1 Chemical admixtures Used in the Present Investigation 

 

4.2 MIX DESIGN OF SELF-COMPACTING CONCRETE: 

Till now there is no specified method for the proportioning of Self-Compacting 

Concrete. Different people followed different methods. Some of the methods are already 

described in literature review. Generalized method for mix-design of Self- Compacting 

Concrete suggested by EFNARC as follows. 

 

 

 

 

 

 

 

 

EFNARC method has following conclusions. 

Set the required performance 

Select the materials from the site 

Design and Adjust Mix Evaluate the Alternative Materials 

Verify or adjust performance in 

Laboratory 

Verify performance in concrete plant 

oral site 

Not OK 
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 Designation of desired air content (2%) 

 Determination of coarse aggregate volume. 

Coarse aggregate content should be about 50 to 60% 

If coarse aggregate content exceeds these limits, contact between coarse aggregate 

content increases rapidly and there is increased risk of blockage. 

 Determination of sand content. 

The optimum value content of sand in the mortar should be varied between 40-50% 

depending paste properties.  

 Determination of optimum volumetric water/powder ratio and Superplasticizer dosage 

in mortar) 

These are to be adjusted based on the V-funnel test for the required performance. 

4.3 EVALUATION OF SELF COMPACTABILITY OF SELF COMPACTING 

CONCRETE: 

Fresh SCC must possess at required levels the following key properties: 

 Filling ability: The ability of SCC is to flow into and fill completely all spaces within 

the formwork under its own weight. Slump flow test and V funnel test for T50 cm will assess 

this characteristic. 

 Passing ability: The ability of SCC is to flow through tight openings such as spaces 

between steel reinforcing bars without segregation and blocking. L-Box test and U box test 

will assess this characteristic.  

 Resistance to segregation: The ability of SCC is to remain homogeneous in 

composition during transporting and placing. GTM screen stability test and V funnel test for 

T5 is used to assess this characteristic. 
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Many different test methods have been developed to characterize the properties of 

SCC. No single method has been found till date that characterizes all the relevant workability 

aspect and hence each mix has been tested by more than one test method for the T5 different 

workability parameters. 

4.3.1 Slump flow test:  

The slump flow is used to assess the horizontal free flow of SCC in the absence of 

obstructions. The slump cone, filled with concrete is lifted and concrete flows; the horizontal 

diameter of the flowed material is measured, as shown in Fig 4.2. The average diameter of 

concrete circle is a measure for the filling ability for the concrete. The time T50 is a secondary 

indication of flow. It measures the time taken in seconds from the instant the cone is lifted to 

the instant when horizontal flow diameter reaches 500mm. According to Khayat and 

Manai[23] a slump flow ranging from 500mm to 700mm is necessary tor a concrete to be self 

compacted. At more than 700mm the concrete might segregate and at less than 500mm the 

concrete may not have sufficient flow to pass through highly congested reinforcement. This is 

simple, rapid test procedure, though two people are needed if T50 time is to be measured, it 

can be used on site, though the size of the plate is somewhat unwieldy and a level ground is 

essential. 

   
  

Fig 4.2 Slump-flow test 

4.3.2 V- Funnel test:   
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The ability of flow of fresh concrete can be tested with V-funnel test, where by the 

flow time is measured. The funnel is filled with about 12 liters of concrete and the time taken 

for it to flow through the apparatus is measured. Further, T5minutes, is, also measured with V-

funnel, which indicates the tendency for segregation, where in the funnel can be refilled with 

concrete and left for 5 minutes to settle. If the concrete shows segregation, the flow time will 

increase significantly. According to Khayat and Manai[23], a funnel test flow time less than 

6s is recommended for a concrete to qualify for a sec. 

 

Fig 4.3 V-Funnel 

4.3.3 L-Box test:  

The passing ability is determined using L-Box test, Fig 4.4. The vertical section of 

L.box is filled with concrete, the gate lifted to let the concrete flow into the horizontal 

section. The height of the concrete at the end of horizontal section is expressed as a 

proportion that remained in the vertical section (H2/Hl). This is an indication of passing 

ability. The T20 and T40 are the times taken for concrete to reach the 20cm and 40cm marks 

of horizontal section of L-Box. These are indications of the ease of flow of concrete. The 

specified requisites are the time needed to flow up to 20cm (T20) = 1±0.5 see, the time needed 

to flow up to 40cm(T40) = 2 ± 0.5sec and a ratio between the height of the concrete at each 

end (or) blocking ratio less than 0.80. 
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Fig 4.4 L-Box Test 

4.3.4 GTM Screen Stability Test:  

To assess the segregation resistance, GTM Screen Stability test is used.  It contains of 

taking a sample of 10 liters of concrete, allowing it to stand for a period to allow any internal 

segregation to occur then pouring half of it on to 5mm sieve of 350mm diameter, which 

stands on a sieve pan on a weighing scale.  After two minutes, the mortar that is passed 

through the sieve is weighed, and this is expressed as the percentage of weight of the original 

sample on the sieve, that is segregation ratio.  According to EFNARC standards, if the 

segregation ratio is between 5 to 15 percent, the resistance to segregation is considered 

satisfactory.  Below 5 percent the resistance to segregation is excessive and likely to affect 

the surface finish.  Above 15 percent and particularly above 30 percent, there is strong 

likelihood of segregation. 

4.3.5 U-Box Test: 

 This is used to examine the behavior of concrete under simulated field conditions. To 

simulates the flow of concrete through a volume containing reinforcing steel. Through this 

test, the degree of compatibility can be indicated by the height that the concrete reaches after 

flowing through an obstacle this test is performed by first completely filling the left chamber 

of U-Box device while the sliding doors between the two chambers are closed. The doors are 
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then opened and concrete flows through the reinforcement bars in to the straight chamber.  If 

the filling height is more than 70% at max height possible, then the concrete is self-

compacting. 

 

Fig 4.5 U-Box Test 

4.3.6 J-Ring Test: 

 This apparatus is used to force the SCC to flow through the reinforcement.  The 

concrete flows from inside and outside ring.  The size and spacing between the bars can be 

adjusted to stimulate any reinforcement configuration. The difference between spread with 

and without the ring of the height difference between the concrete inside and outside the ring 

is measured. German studies showed that with a bar spacing equivalent to 2.5 times the 

maximum aggregate size.  The spread difference between with and without the J-ring must be 

smaller than 50mm. 
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Fig 4.6 J-Ring Test 

CHAPTER-5 

 EXPERIMENTAL INVESTIGATIONS 
 

5.1 GENERAL 

 An experimental program has been carried out to study the effect on the replacement 

of cement with four percentages (0%, 10%, 20% and 30%) of phosphogypsum. The test 

program consists of carrying out slump test, L-Box test, V- Funnel test, compressive strength 

test on cubes, split tensile strength test on cylinders, and flexure strength test on beams.  

5.2 MATERIAL PROPERTIES: 

 Ordinary Portland cement (OPC) 43 grade with a specific gravity 3.03 obtained from 

a single source was used in this study. Locally available river sand, with a specific gravity 

2.48 and fineness modulus of 3.06 were used as fine aggregate. The bulk density of sand is 

1507 kg/m
3
. The coarse aggregates with a maximum size of 16mm having the specific 

gravity value of 2.61 and fineness modulus of 7.36 were used as coarse aggregate. The bulk 

density of coarse aggregate is 1239 kg/m
3
. Phosphogypsum having specific gravity of 2.34 

obtained from Coromandel international ltd., Ennore, Chennai was used for the replacement 
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of cement and chemical admixtures super plasticizer (Glenium B233) and viscosity 

modifying agent. (Glenium stream 2). 

5.3 MIX PROPORTIONING: 

 To produce SCC, the major work involves designing an appropriate mix proportion 

and evaluating the properties of the concrete thus obtained. In practice, SCC in its fresh state 

show high fluidity, self-compacting ability and segregation resistance, all of which contribute 

to reducing the risk of honey combing of concrete. With these good properties, the SCC 

produced can greatly improve the reliability and durability of the reinforced concrete 

structures. In addition SCC shows good performance in compressive strength test and can 

fulfill other constructions needs because its production has taken into consideration the 

requirements in the structural design. The ingredients for SCC are similar to other plasticized 

concrete. It consists of cement, coarse aggregate, fine aggregate, and water, mineral and 

chemical admixtures.  

 No standard or all-encapsulating method for determining mixtures properties 

currently exists for SCC. However, many different proportion limits have been listed in 

various publications. Multiple guidelines and “rules of thumb” about mixtures proportions for 

SCC were found. Details of mix proportion are shown in table 5.1 below: 
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Table 5.1 Details of mix proportions for Self Compacting Concrete 

 

Trail 

no 

 

Mix 

ID 

 

Cement 

 

PG 

 

FA 

CA  

w/p 

 

Water 

 

SP 

 

VMA 16-

12.5m

m 

12.5-

10mm 

10-

4.75

mm 

1 TR1 540 60 732.6 462 123.2 184.8 0.32 192 3 0.6 

2 TR2 540 60 731.44 460.8 122.0 184.0 0.32 192 4 0.6 

3 TR3 540 60 730.31 304.8 182.0 274.2 0.32 192 5 0.6 

4 TR4 576 64 554.04 218.0 130.8 196.2 0.5 320 5.6 0.6 

5 TR5 576 64 629.92 265.1 159.1 238.6 0.4 256 8.16 0.6 

6 TR6 576 64 633 266.22 159.7 239.5 0.4 256 9 0.29 

7 TR7 540 60 666.6 280.32 168.1 252.2 0.4 240 9 0.3 

8 TR8 540 60 666.6 175.2 175.2 350.4 0.4 240 9 0.3 

9 TR9 600 - 673.32 177.15 177.1 354.3 0.4 240 9 0.3 

10 TR10 480 120 659.68 173.56 173.56 347.1 0.4 240 9 0.3 

11 TR11 420 180 652.24 171.6 171.6 343.2 0.4 240 10 0.3 

12 TR12 420 180 648.52 170.6 170.6 341.3 0.4 240 12 0.3 
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For each grade mix, PG = Phosphogypsum, FA = Fine aggregate, CA = coarse aggregate, SP 

= SuperPlasticizer (GleniumB233), VMA = Viscosity modifying agent (Glenium stream 2). 

 

5.4 FRESH PROPERTIES OF SCC:  

5.4.1 Slump flow test and T50cm test: 

Introduction:  

The slump flow is used to assess the horizontal free flow of SCC in the absence of 

obstructions. It was first developed in Japan for use in assessment of underwater concrete. 

The test method is based on the test method for determining the slump. The diameter of the 

concrete circle is a measure for the filling ability of the concrete. The test also indicates the 

resistance to segregation.  

Assessment of test:  

 This is a simple rapid test procedure, though two people are needed if the T50 time is 

to be measured. It can be used on site, though the size of the base plate is somewhat unwieldy 

and level ground is essential. It is the most commonly used test, and gives a good assessment 

of filling ability. It gives no indication of the ability of the concrete to pass between 

reinforcement without blocking.  

Equipment: 

 Mould in the shape of a truncated cone with the internal dimensions 200mm diameter 

at the base, 100mm diameter at the top and a height of 300mm. 
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 Base plate of a stiff non-absorbing material, at least 1000mm square, marked with a 

circle marking the central location for the slump cone, and a further concentric circle 

of 500mm diameter.  

 Trowel 

 Scoop  

 Ruler  

 Stopwatch  

Procedure: 

 About 6 liters of concrete is needed to perform the test, sampled normally. 

 Moisten the base plate and inside of the slump cone.  

 Place base plate on level stable ground and the slump cone centrally on the base plate 

and down firmly. 

 Fill the cone with scoop. Do not tamp, simply strike off the concrete level on the top 

of the cone with the trowel.  

 Remove any surplus concrete from around the base of the cone.  

 Raise the cone vertically and allow the concrete to flow out freely.  

 Simultaneously, start the stopwatch and record the time taken for the concrete reach 

the 500mm spread circle. (This is T50 time). 

 Measure the final diameter of the concrete in two perpendicular directions.  

 Calculate the average two measured diameters. (This is slump flow in mm). 

Interpretation of Result: 



International Journal of Emerging Trends in Engineering and Development      Issue 5, Vol. 4 (June.-July. 2015)           

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                  ISSN 2249-6149 

R S. Publication (rspublication.com), rspublicationhouse@gmail.com Page 331 
 

 The higher the slump flow (SF) ability, the greater is the ability to fill the form work 

under its own weight. A value at least 650mm is required for SCC.  

 The T50 time is a secondary indication flow. A lower time indicates greater flow 

ability. The Brite EuRam [5] suggested that a time of 2-5 seconds is acceptable for housing 

applications, and 3-7 seconds for other civil engineering applications.  

 In case of severe segregation most coarse aggregates will remain in the centre of the 

pool of concrete and mortar and cement paste at the concrete periphery. In case of a minor 

segregation a border of mortar without coarse aggregate can occur at the edge of the pool of 

concrete.  

5.4.2 L - Box test method: 

Introduction:  

 This test is based on a Japanese design for underwater concrete, has been described by 

Peterson [38] the test assesses the flow of the concrete, and also the extent to which it is 

subjected to blocking by reinforcement. The apparatus is shown in the Fig. 5.1 below.  

 The apparatus consists of a rectangular section box in the shape of an “L”, with a 

vertical and horizontal section, separated by a moveable gate, in front of which vertical 

lengths of reinforcement bar are fitted. The vertical section is filled with concrete, and then 

the gate lifted to let the concrete flow into the horizontal section. When the flow has stopped, 

the height of the concrete at the end of the horizontal section is expressed as a proportion of 

that remaining in the vertical section (H2/H1 in the diagram). It indicates the slope of the 

concrete when at rest. This is an indication of passing ability. The horizontal section of the 

box can be marked at 200mm and 400mm from the gate and the times taken to reach these 

points measured. These are known as the T20 and T40 times and are an indication for the 

filling ability. 
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 The section consists of bars, which are spaced at different intervals in accordance with 

normal reinforcement considerations, three times the maximum aggregate size might be 

appropriate. The bars can principally be set at any spacing to impose a more or less severe 

test of the passing ability of the concrete.  

Assessment of test:   

 This is a widely used test, suitable for laboratory, and perhaps site use. It assesses the 

filling and passing ability of SCC, and serious lack of stability (segregation) can be detected 

visually. Segregation may also be detected by subsequently saving and inspecting the 

sections of the concrete in the horizontal section.  

Equipment: 

 L-fund  

 Bucket  

 Trowel  

 Scoop  

 Stopwatch  
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Fig 5.1 L-Box 

Procedure:  

 About 14 liters of concrete is needed to perform the test, sampled normally. 

 Set the apparatus level on the firm ground, ensure that the sliding gate can open 

freely and then close it.  

 Moisten the inside surfaces of the apparatus, remove any surplus water.  

 Fill the vertical section of the apparatus with the concrete sample. 

 Leave it to stand for 1 minute  

 Lift the sliding gate and allow the concrete to flow out into the horizontal section.  

 Simultaneously, start the stopwatch and record the times taken for the concrete to 

reach the 200 and 400mm marks.  
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 When the concrete stops flowing the heights H1, H2 measured  

 Calculate the H2/H1, the blocking ratio 

 The whole test has to be performed within 5 minutes. 

Interpretation of Result:  

 If the concrete flows as freely as water, at rest it will be horizontal, so H2/H1=1. 

Therefore the nearest this test value, the blocking ratio is to unity, the better the flow of the 

concrete, the European Union research team suggested a minimum acceptable value of 0.8. 

T20 and T40 times can give some indication of ease of flow, but no suitable values have been 

generally agreed. Obvious blocking of coarse aggregate behind tie reinforcing bars can be 

detected visually. 

5.4.3 V– Funnel test and V-Funnel test at 5 minutes: 

Introduction:  

 The test was developed in Japan and used by Ozawa et al [35]. The equipment 

consists of a V-shaped funnel. The described V-funnel, test is used to determine the filling 

ability (Flow ability) of the concrete with maximum aggregate size of 20mm. The funnel is 

filled with about 12 liters of concrete and the time taken for it to flow through the apparatus is 

measured. After this the funnel can be refilled with concrete and left for 5 minutes to settle. If 

the concrete shows segregation then the flow time will increase significantly.  

Assessment of test:    

 Though the test is designed to measure Flowability; the result is affected by concrete 

properties other than flow. The inverted cone shape will cause any liability of the concrete to 

block to be reflected in the result 0 if, for example there is too much coarse aggregate. High 
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flow time can also be associated with low deformability due to a high paste viscosity, and 

with high inter-particle friction.  

Equipment: 

 V-funnel 

 Bucket 

 Trowel 

 Scoop 

 Stopwatch  

  

Fig 5.2 V-Funnel 

Procedure:  

 About 12 liters of concrete is needed to perform the test, sampled normally.  

 Set the V-funnel on firm ground.  

  Moisten the inside surfaces of the funnel.  



International Journal of Emerging Trends in Engineering and Development      Issue 5, Vol. 4 (June.-July. 2015)           

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                  ISSN 2249-6149 

R S. Publication (rspublication.com), rspublicationhouse@gmail.com Page 336 
 

 Keep the trap door open to allow any surplus water to drain.  

 Closed the trap door and place a bucket underneath.  

 Fill the apparatus completely without compacting or tamping; simply strike off the 

concrete level with the top with the trowel.  

 Open within 10 seconds after filling the trap door and allow the concrete to flow out 

under gravity.  

 Start the stopwatch when the trapdoor is opened and the time for the discharge to 

complete (the flow time) this is taken to be when light is seen from above through the 

funnel.  

 The whole test has to be performed within 5 minutes.  

Procedure flow time at T5 minutes:  

 Do not clean or moisten the inside surfaces of the funnel again. 

 Close the trap door and refill the V-funnel immediately after measuring the flow time.  

 Place a bucket underneath.  

 Fill the apparatus completely with concrete without compacting or tapping, simply 

strike off the concrete level at the top with trowel.  

 Open the trap door 5 minutes after the second fill of the funnel and allow the concrete 

to flow out under gravity.  

 Simultaneously start the stopwatch when the trap door is opened, and record the time 

for discharge to complete (flow times at T5 minutes). This is taken to be when the 

Light is seen from above through the funnel. 
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Interpretation of Result: 

 This test measures the ease of flow of concrete; shorter flow time indicates greater 

Flow ability. For SCC a flow time of 10 seconds is considered appropriate. The inverted cone 

shape restricts flow, and prolonged flow times may give some indication of the susceptibility 

of the mix to blocking.  

 

5.5 TESTING OF SPECIMENS: 

5.5.1 Compressive strength on cubes: 

  The compression test on the cubes was conducted on the 2000KN compression 

testing machine. The pressure dial of the machine indicating the load has a least count of 1 

ton. The oil level was checked and the machine was checked and kept ready for testing the 

specimen. 

The specimens after being removed from water and allowed to dry under sun shade 

for few hours. The cube specimens were placed on the lower plate of the machine such that 

the load was applied centrally as shown in Fig 5.3. The plate of the machine was brought into 

contact with surface of the cube specimen to enable loading. 

    

Fig: 5.3 Compressive strength of concrete 
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The oil pressure valve was closed tightly. The specimens were loaded gradually to the 

possible extent up to failure and the ultimate load was noted. After switching off the machine 

the pressure valve was released. The plates were cleaned. The procedure was repeated for 

testing all the cubes specimens and results are presented in table 5.4. 

Cube compressive strength fck= P/A N/mm
2
 

Where P = Ultimate load in N. 

A = Area of cube specimen under loading. 

5.5.2 Split tensile strength test on cylinders: 

 This test was developed in Brazil in 1943. Sometimes this test is also called as 

Brazilian test.  However at about the same period this test was also developed in Japan 

independently. 

 The Cylinder specimen is of the size 150mm diameters and 300mm length. The test is 

carried out by placing a cylindrical specimen horizontally between the loading surfaces of the 

compression testing machine and the load is applied until failure of cylinder, along the 

vertical diameter. Same procedure was repeated for all the specimens. The cylinder 

specimens are tested at 7 days and 28 days. The loading set up is shown in Fig. 5.4.   
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     Fig: 5.4 Split Tensile Strength Test 

The average of three specimens was reported as the split tensile strength provided the 

individual variation is not more than 15% of average value.  A total 12 number of cylinders 

were cast for all mixes. 

Split tensile strength = 2P/ DL 

Where P = Maximum load on the cylinder in Newton. 

 L = Length of cylinder in mm  

 D = Diameter of cylinder in mm 

5.5.3 Flexural strength test: 

 In the flexure test, the theoretical maximum tensile stress reached in the bottom fiber 

of a test beam is known as the modulus of rupture. 

 The Standard sized of specimen is 150x150x700mm. Alternatively if the largest 

nominal size of aggregate does not exceed 20mm, the dimensions of the specimen may be 

100x100x500mm with a span of 400mm. The load is transmitted to the beam through two 

point loading symmetrically placed so that the beam is subjected to pure bending is the 

central zone. 
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Fig. 5.5 Flexural Strength Test 

The load is applied without shock and increasing continuously at a rate such that the 

extreme stress increases at approximately 0.7 kg/sq.cm/min that is, at a rate of loading of 180 

kg/ min for the specimens. The load is increased until the specimen fails, and the maximum 

load applied to the specimen during the test is recorded.  

The flexural strength of the specimen is expressed as the modulus of rupture (fb) 

which if “a” equals the distance between the line of fracture and the nearer support, measured 

on the center line of the tensile side of the specimen, in cm, is calculated to the nearest 0.05 

Mpa as follows: 

 fb = (Pxl)/(bxd
2
) 

When “a” is greater than 133 mm for a 100 mm specimen, or  

 fb = (3Pxa)/(bxd
2
) 

When “a” is less than 133 mm but greater than 110 mm for a  

 10.0cm specimen where 

 b = width of specimen, 

 d = depth of specimen 

 l = length of the span on which the specimen was supported, and 

 P = maximum load in N applied to the specimen 

 If value “a” was less than 110 mm, the results of the test were not considered.  The 

average of three specimens was reported as the flexural strength provided the individual 

variation is not more than 15% of average value. Total 12 numbers of beams were cast for all 

mixes. 
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CHAPTER-6 

TEST RESULTS AND DISCUSSION 

 

6.1 INTRODUCTION: 

This chapter presents the results of self compacting concrete properties such as 

workability, passing ability, filling ability for different mix proportions and also presents the 

results of compressive strength, split tensile strength and flexural strength for different 

replacement levels of Phosphogypsum. 

6.2 SELF COMPACTABILITY TESTS: 

The results of workability tests conducted to achieve self compacting concrete. The 

trials started at 50% volume of total concrete as content of coarse aggregate 50% by the 

volume of  mortar in concrete as content of  fine aggregate and variation in cement, 

Phosphogypsum, water powder  ratio, Superplasticizer and viscosity modifying agent were 

carried out to achieve the self compacting concrete mixes. Similarly different trials were 

carried out for different mix proportions until all properties of self compacting concrete 

obtained. The results of these tests are represented in table and the graphs are drawn for these 

tests comparing for different mixes.  

The consistency and workability of self-compacting concrete were evaluated using the 

slump flow test. Because of its ease of operation and portability, the slump flow test is the 

most widely used method for evaluating concrete consistency in the laboratory and at 

construction sites. In this study, the diameter of the concrete flowing out of the slump cone 

was obtained by calculating the average of two perpendicularly measured diameters for 

determining the above mentioned properties of concrete. The results from Table –6.3 shows 

that the self-compacting concrete was complying with the requirements found in the 
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literature. Thus, self-compacting concrete was assumed to having a good consistency and 

workability after gradually adjusting the chemical admixtures in the mix. 

Table-6.1: Properties of SCC as per EFNARC guidelines: 

S.No. Test Method Property Unit Min Max 

1 Slump flow Filling ability / Flow ability mm 650 800 

2 
Slump flow at 

T50cm Flow ability 
Sec 2 5 

3 V-Funnel Filling ability / flow ability Sec 6 12 

4 

V-Funnel at T5 

min 

 

Segregation Sec 12 +3 

5 L-Box Passing ability Ratio 0.8 1.0 

 

6.3 NOMENCLATURE: 

 The various mixes tried in the present investigation along with their nomenclature are 

presented. 

Table-6.2: Nomenclature of Phosphogypsum based SCC mixes 

S.No. Mix ID Mix Details 

1 TR1 

Plain SCC with 10% replacement of Phosphogypsum and with 

W/p Ratio=0.32, SP= 3 kg/m
3
 and VMA= 0.6 kg/m

3
 

2 TR2 

Plain SCC with 10% replacement of Phosphogypsum and with 

W/p Ratio=0.32, SP= 4 kg/m
3
 and VMA= 0.6 kg/m

3
 

3 TR3 Plain SCC with 10% replacement of Phosphogypsum and with 
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W/p Ratio=0.32, SP= 5 kg/m
3
 and VMA= 0.6 kg/m

3
 

4 TR4 

Plain SCC with 10% replacement of Phosphogypsum and with 

W/P Ratio=0.5, SP= 5.6 kg/m
3
 and VMA= 0.6 kg/m

3
 

5 TR5 

Plain SCC with 10% replacement of Phosphogypsum and with 

W/p Ratio=0.4, SP= 8.16 kg/m
3
 and VMA= 0.6 kg/m

3
 

6 TR6 

Plain SCC with 10% replacement of Phosphogypsum and with 

W/p Ratio=0.4, SP= 9 kg/m
3
 and VMA= 0.29 kg/m

3
 

7 TR7 

Plain SCC with 10% replacement of Phosphogypsum and with 

W/p Ratio=0.4, SP= 9 kg/m
3
 and VMA= 0.3 kg/m

3
 

8 TR8 

Plain SCC with 10% replacement of Phosphogypsum and with 

W/p Ratio=0.4, SP= 9 kg/m
3
 and VMA= 0.3 kg/m

3
 

9 TR9 

Plain SCC with 0% replacement of Phosphogypsum and with 

W/p Ratio=0.4, SP= 9 kg/m
3
 and VMA= 0.3 kg/m

3
 

10 TR10 

Plain SCC with 20% replacement of Phosphogypsum and with 

W/p Ratio=0.4, SP= 9 kg/m
3
 and VMA= 0.3 kg/m

3
 

11 TR11 

Plain SCC with 30% replacement of Phosphogypsum and with 

W/p Ratio=0.4, SP= 10  kg/m
3
 and VMA= 0.3 kg/m

3
 

12 TR12 

Plain SCC with 30% replacement of Phosphogypsum and with 

W/p Ratio=0.4, SP= 12 kg/m
3
 and VMA= 0.3 kg/m

3
 

 

Table-6.3: Fresh Concrete properties of SCC  
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S NO Mix 

ID 

Slump 

Dia(mm) 

T50cm 

Slump(sec) 

V-Funnel 

(sec) 

V-Funnel at T5 

min(sec) 

L-Box 

(h2/h1) 

1 TR1 - - - - - 

2 TR2 - - - - - 

3 TR3 - - - - - 

4 TR4 900 2.17 - - - 

5 TR5 750 2 - - - 

6 TR6 750 2.5 11 14 0.96 

7 TR7 660 5 10 13 0.82 

8 TR8 710 4.2 9 12 0.87 

9 TR9 650 3.5 7 11 0.85 

10 TR10 660 4 8.17 11.5 0.9 

11 TR11 500 7 - - - 

12 TR12 665 3 8.82 11.6 0.94 

 

 

 

 

Trail-1(TR1): 
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 In the first trail, The total cementitious material was taken as 600Kg/m
3
 and weight of 

phosphogypsum was considered as the 10% of total weight of cementitious material. As 

considering the water powder ratio was 0.32 and the total quantity of water comes to 

192Kg/m
3
. Weight of fine aggregate and coarse aggregate contents were taken as the 50% by 

the volume of  total aggregate. Dosage of superplasticizer and viscosity modifying agents 

were considered as 0.5% and 0.1% of total weight of cementitious material respectively and 

Finally the mix was tested in laboratory none of the self compacting properties were found in 

the mix.  

Trail-2(TR2):  

In this trail,the percentage of superplasticizer was incresed to 0.67% of total 

cementitious material remaining proportions that is cement, phosphogysum, fine aggregate,  

coarse aggregate, W/p ratio and viscosity modifying agents  were kept constant and was 

tested in laboratory none of the SCC characteristics were found in the mix. 

Trail-3(TR3):  

In this trail,the percentage of superplasticizer was incresed to 0.83% of total 

cementitious material and the contents of cement, phosphogypsum, fine aggregate, coarse 

aggregate, W/p ratio and viscosity modifying agents  were kept constant and was tested again 

found that it is not meeeting the requirements of self compacting concrete. 

Trail-4(TR4):  

 Above three mix proportions does not occur the  self compactability properties so the 

total cementitious material was increased to 640 Kg/m
3
 and water powder ratio was varied 

from 0.32 to 0.5. volume of superplasticizer was increased to 0.87% and the dosage of VMA 

was decreased to 0.093 %. volume of coarse aggregate was adjusted to 40% for 16-12.5mm 

and 60% volume for 12.5 to 4.75mm. For this mix obtained the diameter of slump was 
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900mm and flow time was 2.17sec and the blocking ratio and passing ability tests were not 

satisfied the requirements.  

 Trail-5(TR5): 

Taking cementitious material, fine aggregate, coarse aggregate and viscosity 

modifying agents  were kept constant and Water powder ratio was decresed from 0.5% to 

0.4%. Percentage of superplasticizer was incresed to 1.2% of comentitious material then self 

compacting tests were conducted for this mix. Some of workability characteristics are 

obtained such as Slump cone time(T50) taken from lifted to instant horizontal flow diameter 

reaches  to 500mm is 2 sec, average diameter is 850mm and V-funnel and L-Box tests were 

not satisfied the requirements. 

Trail-6(TR6): 

The dosage of superplasticizer and VMA were changed to 1.44% and 0.047% by the 

weight of cementitious material remaining proportions were kept constant and After 

laboratory tests, obtained the diameter of slump was 750mm and flow time was 2 sec. The L-

Box bloking ratio H2/H1 was 0.96. Time taken to flow from V-Funnel and flow after five 

minutes Tf was 11 sec and 14 sec. As per EFNARC guidelines the slump flow in the range 

from 600 to 850 mm and time T50 is 2 to5 sec.the blocking ratio is ranging from 0.8 to 1. V-

Funnel flow(Tf) range from 6 to 12 sec and after five minutes V-Funnel value is Tf+3. This 

mix proportion satisfies the all properties of self compacting properties but the total 

cementitious material content is 640 Kg/m
3
 it was too high and then decresed the quantity of 

cementitious material. 

Trail-7(TR7): 

 Total cementitious material was decreased 600 Kg/m
3
 in this cement and 

phosphogypsum contents were taken as 540 Kg/m
3
 & 60 Kg/m

3 
respectively and 
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superplasticizer & VMA contents were taken as 1.5% & 0.05% by weight of cementitious 

material. From total coarse aggregate content, 40%  volume of aggregate was taken for 16 to 

12.5mm and 60% volume of aggregate for 12.5 to 4.75mm and was tested in laboratory the 

slump flow diameter was 660mm and time taken T50 was 5 sec. The blocking ratio for L-box 

test was 0.82, the time taken to flow from V-Funnel was 11 sec and the flow after five 

minutes from V-funnel was 14sec. 

 Trail-8(TR8): 

 The total coarse aggregate proportion was changed to 50%  volume for 16 to 12.5mm 

and 50% volume for 12.5 to 16mm there was no change in the proportions of cement, 

phosphogypsum, fine aggregate, water powder ratio, superplasticizer and VMA were tested 

in laboratory, the diameter of Slump flow was 710mm and flow time was 4.2 sec. The 

blocking ratio for L-Box  test was 0.87. Time taken to flow from V-Funnel was 9 sec and 

flow after 5minutes from V-funnel was 12 sec.It satifies the all properties of self compacting 

concrete as per EFNARC guidelines.  

Trail-9(TR9): 

 The total cementitious material was taken as 600 Kg/m3 and the phosphogypsum 

content was taken as 0% from the total volume of cementitious material, water powder ratio, 

fine and coarse aggregate content, superplasticizer and VMA were kept constant, after 

completion of laboratory tests the slump flow diameter and flow time were obtained as 

650mm & 3.5sec and blocking ratio was 0.85. Time taken to flow from V-Funnel was 7 sec 

and flow after completion of five minutes was 11 sec.This mix also satisfies the properties of 

self compactability. 

Trail-10(TR10): 
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The total cementitious material was taken as 600 Kg/m
3
 and phosphogypsum content 

was taken as 20% from the total volume of cementitious material and water powder ratio, fine 

and coarse aggregates, superplasticizer and VMA were kept constant and was tested for 

filling ability ,slump flow diameter reaches to 660mm and flow time was 4sec. Time taken to 

flow from V-Funnel was 8 sec and the flow after T5min was 11 sec. Blocking ratio was 

obtained as 0.9. 

Trail-11(TR11): 

The total cementitious material was taken as 600 Kg/m
3
 in this phosphogypsum 

content was taken as 30% from the total volme of cementitious material and water powder 

ratio, fine and coarse aggregates and VMA were kept constant. Superplasticizer was incresed 

to 1.6% by weight of cementitious material and From test results ,slump flow diameter 

reaches to 500mm in 7sec and the diameter was  500mm. In this proportion phosphogypsum 

content was incresed then the viscosity of concrete also incresed so the results for flow of 

concrete in slump cone test does not occur with in limits. 

Trail-12(TR12):  

The total cementitious material, water powder ratio, fine aggregate, coarse aggregate 

and VMA were kept constant. Superplasticizer was incresed to 2% by weight of cementitious 

material and was tested for filling ability ,slump flow diameter reaches to 500mm in 3sec and 

the diameter was  665mm. Time taken to flow from V-Funnel was 8.82 sec and the flow after 

T5min was 11.6 sec. Blocking ratio was obtained as 0.94. 

 Different trails were carried out until mix characterizing all the properties of 

SCC mix. SCC mixes have a slump flow in the range of 650 to 710mm. A flow time is 

ranging from 3 to5 sec.V-Funnel flow is ranging from 7 to 9 sec after five minutes V-Funnel 

flow is ranging from 11 to12 sec. L-Box blocking ratio is from 0.85 to 0.94 although results 
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obtained from all the mixes satisfy the lower and upper limits suggested by EFNARC, all 

mixes have good flowability and possesing self compacting characteristics. The results of 

these tests are represented in the graphs are drawn for these tests comparing for different 

mixes.  

 

 

Fig 6.1 : Slump Diameter 
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Fig 6.2: T50 cm slump T50 

 

Fig 6.3: L-Box 
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Fig 6.4: V-Funnel 

 

Fig-6.5: V-Funnel at T5 min  
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In the total  investigation 12 trails were done to satisfy the self compacting concrete 

characteristics. Among these trails TR8,TR9,TR10,TR12 mix proportions were satisfied all 

the properties of self compacting concrete. For TR8,TR9,TR10and TR12 mix proportions 

were calculated to know Compressive strength,Split tensile strength and  Flexural strength. 

The results of these tests are represented in tables and the graphs are drawn for these tests 

comparing for different replacement levels of Phosphogypsum.   

Compressive Strength: 

 The effect of replacement of cement with four percentages of Phosphogypsum on 

compressive strength of concrete is as shown in table 5.4, from figure 5.6, the replacement of 

cement with 0% to 10% of Phosphogypsum content,  increase the compressive strength of 

concrete at 7days curing period from 32.11Mpa to 40.25Mpa and for 28days 47.08Mpa to 

51.73Mpa  respectively. With 10% to 30% of Phosphogypsum the compressive strength 

decreases from 40.25Mpa to 18.74Mpa for 7days curing period and 51.73Mpa to 24.29Mpa 

for 28days.It is observed from the test results for 10% replacement of cement with 

Phosphogypsum we get the maximum compressive strength of concrete. 

Split Tensile Strength  

 Split Tensile Strength of Concrete has been conducted on the four percentages of 

Phosphogypsum with Sizes of the cylinders 150mm X 300 mm. these results are shown in 

table 5.5 and graphs are observed in figure 5.7. There is no change in 0% and 10% 

replacement of cement with Phosphogypsum i.e. 3.28Mpa. In 10% to 30% replacement of 

cement with Phosphogypsum, the split tensile strength is decreased into 3.28Mpa to 

2.08Mpa. It is observed from the test results for 10% replacement of cement with 

Phosphogypsum we get the maximum Split tensile strength of concrete. 

Flexural Strength: 
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 The effect of replacement of cement with four percentages of Phosphogypsum on the 

flexural strength of concrete as shown in the table 5.6 and graphs are drawn in figure 5.8. In 

replace of cement with 0% to 10% of Phosphogypsum content the flexural strength is 

increased from 4.79Mpa to 6.57Mpa. With 10% to 30% replacement of Phosphogypsum 

flexural strength is decreased from 6.57Mpa to 2.75Mpa, from the crack patterns it is 

observed as the width and number of cracks are increased with the 20% and 30% replacement 

of Phosphogypsum. It is observed from the test results for 10% replacement of cement with 

Phosphogypsum we get the maximum Flexural strength of concrete. 

 

 

 

 

 

 

 

 

 

TABLE-6.4: Compressive Strength on Cubes 

 

S NO 

 

MIX 

 

% of PG 

 

Area of 

 

Load in Kgf 

Compressive 

Strength in N/mm
2
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ID cube mm
2
 7 days 28 days 7 days 28 days 

1 TR9 0% 22500 73.66 108 32.11 47.08 

2 TR8 10% 22500 92.33 118.66 40.25 51.73 

3 TR10 20% 22500 71.33 74.66 31.09 32.41 

4 TR12 30% 22500 43 55.66 18.74 24.29 

 

 

Fig 6.6: Compressive strength  

 

TABLE-6.5: Split Tensile Strength On Cylinders 
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Strength in N/mm2 

1 TR9 0% 23.66 3.28 

2 TR8 10% 23.66 3.28 

3 TR10 20% 20 2.77 

4 TR12 30% 15 2.08 

 

 

 

Fig 6.7: Split tensile strength in N/mm
2
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TABLE-6.6: Flexural Strength Test 

S NO MIX ID % of PG 
Failure Load 

Kgf 

Flexural Strength 

in N/mm2 

1 TR9 0% 977.33 4.79 

2 TR8 10% 1341.33 6.57 

3 TR10 20% 753.66 3.69 

4 TR12 30% 562.66 2.75 

 

 

 

Fig 6.8: Flexural strength in N/mm
2
 

CHAPTER-7 

0

1

2

3

4

5

6

7

0 10 20 30 40

fl
e

xu
ra

l s
tr

e
n

gt
h

 in
 N

/m
m

2

% of phosphogypsum

flexural strength in N/mm2



International Journal of Emerging Trends in Engineering and Development      Issue 5, Vol. 4 (June.-July. 2015)           

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                  ISSN 2249-6149 

R S. Publication (rspublication.com), rspublicationhouse@gmail.com Page 357 
 

         CONCLUSIONS & SCOPE FOR FURTHER STUDY  

 

7.1 CONCLUSIONS: 

1. SCC mix requires high powder content, lesser quantity of coarse aggregate, high range 

Superplasticizer and VMA to give stability and fluidity of the concrete mix. 

2. SCC can be obtained for widely differing Phosphogypsum contents or cement contents 

as long as the paste volume constituted by the water cement ratio is kept constant. 

3. The workability of SCC is equilibrium of fluidity, deformability, filling ability and 

resistance to segregation. This equilibrium has to be maintained for a sufficient time 

period to allow for transportation, placing and finishing. 

4. An industrial waste like Phosphogypsum impairs the strength development of calcined 

products and hence it can be used in construct industry for preparation of concrete 

replacing some quantity of cement, which is a valuable ingredient of concrete to achieve 

economy.  

5. With 10% replacement of cement with Phosphogypsum, the compressive strength 

increased significantly with age at 28 days. However, further replacement of cement 

with Phosphogypsum lead to drastic reduction not only in compressive strength and also 

in the split tensile strength. 

6. At 10% replacement of cement with Phosphogypsum gives maximum flexural strength 

than the other replacement of cement with Phosphogypsum, the width and number of 

cracks increased with the 20% and 30% replacement of Phosphogypsum.    

7.2 SCOPE FOR FURTHER STUDY: 

The following aspects can be taken up for future investigation.  
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1. Similar studies can be carried out with a special attention on durability of concrete 

beyond 90 days. 

2. The effect of Phosphogypsum on other engineering properties of cement mortar like 

Shrinkage, Young’s modulus, permeability can be investigated. 

3. To study the effect of Phosphogypsum concrete with steel fibers. 

4. Investigation can be carried out as the behavior of steel fibers with different aspect 

ratios and with percentages of fiber content. 

Future of Self-Compacting Concrete: 

 
Since the development of the prototype of SCC in 1988, its use in actual structures 

has gradually increased worldwide. SCC addresses many environmental issues; the main ones 

are reduction in noise level in the factory as well as on site, reduction in personal injuries 

from noise and manual handling, reduction in electricity usage and reduction in the overall 

maintenance costs of vibration equipment. It also has a future in the precast industry 

providing durable Concrete at a lower cost due to lower initial investments of vibrating 

facilities and lower recurring costs due to faster reusage of moulds. It improves the working 

environment at plants and sites by eliminating noise of vibration; it is possible for concrete 

product plants to be located in the urban area. 
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APPENDIX-1 

MIX DESIGN OF SCC  

The mix proportions of SCC were obtained after extensive trails. From these trials, a 

mix proportioning procedure for SCC was arrived which is illustrated in the following 

calculations. The percentage of voids assumed was 1%   

Test data of materials 

Cement used                                                      = Ultratech 43 grade                                             

Specific gravity of cement (Sc)               = 3.03 

Specific gravity of Phosphogypsum (Spg)        = 2.34 

Specific gravity of fine aggregate (Sfa)             = 2.48  

Specific gravity of coarse aggregate (Sca)       = 2.61 
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Bulk density of coarse aggregate                 = 1239 Kg/m
3
 

Bulk density of fine aggregate                = 1502 Kg/m
3
 

Fineness modulus of Coarse Aggregate       = 7.01 

Fineness modulus of Fine aggregate            = 3.06(Zone-I) 

Specific gravity of super plasticizer (Ss)         = 1.09 

Specific gravity of viscosity modifying agent (Sv)    = 1.01 

Total cementitious materials 

(Cement and Phosphogypsum) may be taken as 600 kg/m
3
.  

Taking Phosphogypsum as 10% by weight of total powder content  

Weight of Phosphogypsum (Wpg)  = 0.1 x 600 = 60 kg/m
3
  

Weight of cement (Wc)  = 600-60 =540 kg/m
3  

Let the w/p ratio be 0.32. 

Weight of water (w)  = 600 x 0.32=192.0 kg/m
3
 

Taking weight of fine aggregate as 50% by volume of total aggregate   

Taking weight of coarse aggregate as 50% by volume of total aggregate Dosage of 

superplasticizer (SP) and viscosity modifying agent (VMA) from slump test specified by 

EFNARC for self compactability is found from experiments as 0.5% and 0.1% by weight of 

cementitious materials.  

Weight of superplasticizer including liquid content 

                                 = 0.5% weight of cementitious materials.  

   = 0.005 x 600 = 3.0 kg/m
3
 

Weight of VMA  = 0.1% weight of cementitious materials.  

   = 0.001 x 600 = 0.6 kg/m
3
 

Total Volume of aggregate (V) may be found by absolute volume method.  

0.99 =   
𝑊

𝑆𝑤
+

𝐶

𝑆𝑐
+

𝑝𝑔

𝑆𝑝𝑔
+

𝑆𝑃

𝑆𝑆𝑃
+

𝑉𝑀𝐴

𝑆𝑉𝑀𝐴
 + 𝑉 

1

1000
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0.99 =   
192

1
+
540

3.03
+

60

2.34
+

3

1.09
+
0.6

1.01
 + 𝑉 

1

1000
 

V=0.590 m
3
 

Weight of fine aggregate = 0.590x0.5x2.48x1000=732.6kg/m
3
 

Weight of coarse aggregate = 0.590x0.5x2.61x1000=770.0kg/m
3
 

16mm passing and 12.5mm retained (60%)  = 462 Kg/m
3 

12.5mm passing and 4.75mm retained (40%) = 308 Kg/m
3 

12.5mm passing and 10mm retained (40%) = 123.2 Kg/m
3 

10mm passing and 4.75mm retained (60%) = 184.8 Kg/m
3 

Mix proportion by weight: 

Cement PG FA CA W/P Water SP VMA 

540 60 732.6 770 0.32 192 3 0.6 

0.9 0.1 1.22 1.28 0.32 0.32 5ml 1ml 

APPENDIX-2 
 

The mix proportions of SCC were obtained after extensive trails. From these trials, a 

mix proportioning procedure for SCC was arrived which is illustrated in the following 

calculations. The percentage of voids assumed was 1%   

Test data of materials 

Cement used                                                    = Ultratech 43 grade                                             

Specific gravity of cement (Sc)            = 3.03 

Specific gravity of Phosphogypsum (Spg)      = 2.34 

Specific gravity of fine aggregate (Sfa)         = 2.48 (Zone I) 

Specific gravity of coarse aggregate (Sca)     = 2.61 

Bulk density of coarse aggregate               = 1239 Kg/m
3
 



International Journal of Emerging Trends in Engineering and Development      Issue 5, Vol. 4 (June.-July. 2015)           

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                  ISSN 2249-6149 

R S. Publication (rspublication.com), rspublicationhouse@gmail.com Page 366 
 

Bulk density of fine aggregate              = 1502 Kg/m
3
 

Fineness modulus of Coarse Aggregate     = 7.01 

Fineness modulus of Fine aggregate          = 3.06 

Specific gravity of super plasticizer (Ss)       = 1.09 

Specific gravity of viscosity modifying agent (Sv) = 1.01 

Total cementitious materials 

(Cement and Phosphogypsum) may be taken as 600 kg/m
3
.  

Taking Phosphogypsum as 10% by weight of total powder content  

Weight of Phosphogypsum (Wpg)  = 0.1 x 600 = 60 kg/m
3
  

Weight of cement (Wc)  = 600-60 =540 kg/m
3  

Let the w/p ratio be 0.32. 

Weight of water (w)  = 600 x 0.32=192.0 kg/m
3
 

Taking weight of fine aggregate as 50% by volume of total aggregate   

Taking weight of coarse aggregate as 50% by volume of total aggregate Dosage of 

superplasticizer (SP) and viscosity modifying agent (VMA) from slump test specified by 

EFNARC for self compactability is found from experiments as 0.67% and 0.1% by weight of 

cementitious materials.  

Weight of superplasticizer including liquid content 

                                 = 0.67% weight of cementitious materials.  

   = 0.0067 x 600 = 4.0 kg/m
3
 

Weight of VMA  = 0.1% weight of cementitious materials.  

   = 0.001 x 600 = 0.6 kg/m
3
 

Total Volume of aggregate (V) may be found by absolute volume method.  

0.99 =   
𝑊

𝑆𝑤
+

𝐶

𝑆𝑐
+

𝑝𝑔

𝑆𝑝𝑔
+

𝑆𝑃

𝑆𝑆𝑃
+

𝑉𝑀𝐴

𝑆𝑉𝑀𝐴
 + 𝑉 

1

1000
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0.99 =   
192

1
+
540

3.03
+

60

2.34
+

4

1.09
+
0.6

1.01
 + 𝑉 

1

1000
 

V=0.589 m
3
 

Weight of fine aggregate = 0.589x0.5x2.48x1000=731.44kg/m
3
 

Weight of coarse aggregate = 0.589x0.5x2.61x1000=768.64kg/m
3
 

16mm passing and 12.5mm retained (60%)  = 460.8 Kg/m
3 

12.5mm passing and 4.75mm retained (40%) = 307.2 Kg/m
3 

12.5mm passing and 10mm retained (40%) = 122.0 Kg/m
3 

10mm passing and 4.75mm retained (60%) = 184.0 Kg/m
3 

Mix proportion by weight: 

Cement PG FA CA W/P Water SP VMA 

540 60 731.44 768.64 0.32 192 4 0.6 

0.9 0.1 1.21 1.28 0.32 0.32 6.66ml 1ml 

APPENDIX-3 
 

The mix proportions of SCC were obtained after extensive trails. From these trials, a 

mix proportioning procedure for SCC was arrived which is illustrated in the following 

calculations. The percentage of voids assumed was 1%   

Test data of materials 

Cement used                                                    = Ultratech 43 grade                                             

Specific gravity of cement (Sc)            = 3.03 

Specific gravity of Phosphogypsum (Spg)      = 2.34 

Specific gravity of fine aggregate (Sfa)         = 2.48 (Zone I) 

Specific gravity of coarse aggregate (Sca)     = 2.61 

Bulk density of coarse aggregate               = 1239 Kg/m
3
 

Bulk density of fine aggregate              = 1502 Kg/m
3
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Fineness modulus of Coarse Aggregate     = 7.01 

Fineness modulus of Fine aggregate          = 3.06 

Specific gravity of super plasticizer (Ss)       = 1.09 

Specific gravity of viscosity modifying agent (Sv) = 1.01 

Total cementitious materials 

(Cement and Phosphogypsum) may be taken as 600 kg/m
3
.  

Taking Phosphogypsum as 10% by weight of total powder content  

Weight of Phosphogypsum (Wpg)  = 0.1 x 600 = 60 kg/m
3
  

Weight of cement (Wc)  = 600-60 =540 kg/m
3  

Let the w/p ratio be 0.32. 

Weight of water (w)  = 600 x 0.32=192.0 kg/m
3
 

Taking weight of fine aggregate as 50% by volume of total aggregate   

Taking weight of coarse aggregate as 50% by volume of total aggregate Dosage of 

superplasticizer (SP) and viscosity modifying agent (VMA) from slump test specified by 

EFNARC for self compactability is found from experiments as 0.83% and 0.1% by weight of 

cementitious materials.  

Weight of superplasticizer including liquid content 

                                 = 0.83% weight of cementitious materials.  

   = 0.0083 x 600 = 5.0 kg/m
3
 

Weight of VMA  = 0.1% weight of cementitious materials.  

   = 0.001 x 600 = 0.6 kg/m
3
 

Total Volume of aggregate (V) may be found by absolute volume method.  

0.99 =   
𝑊

𝑆𝑤
+

𝐶

𝑆𝑐
+

𝑝𝑔

𝑆𝑝𝑔
+

𝑆𝑃

𝑆𝑆𝑃
+

𝑉𝑀𝐴

𝑆𝑉𝑀𝐴
 + 𝑉 

1

1000
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0.99 =   
192

1
+
540

3.03
+

60

2.34
+

5

1.09
+
0.6

1.01
 + 𝑉 

1

1000
 

V=0.588 m
3
 

Weight of fine aggregate = 0.588x0.5x2.48x1000=730.31kg/m
3
 

Weight of coarse aggregate = 0.588x0.5x2.61x1000=767.34kg/m
3
 

16mm passing and 12.5mm retained (40%)  = 304.8 Kg/m
3 

12.5mm passing and 4.75mm retained (60%) = 457.0 Kg/m
3 

12.5mm passing and 10mm retained (40%) = 182.0. Kg/m
3 

10mm passing and 4.75mm retained (60%) = 274.2 Kg/m
3 

Mix proportion by weight: 

Cement PG FA CA W/P Water SP VMA 

540 60 730.31 767.34 0.32 192 5 0.6 

0.9 0.1 1.217 1.27 0.32 0.32 8.3ml 1ml 

APPENDIX-4 
 

The mix proportions of SCC were obtained after extensive trails. From these trials, a 

mix proportioning procedure for SCC was arrived which is illustrated in the following 

calculations. The percentage of voids assumed was 1%   

Test data of materials: 

Cement used                                                    = Ultratech 43 grade                                             

Specific gravity of cement (Sc)            = 3.03 

Specific gravity of Phosphogypsum (Spg)      = 2.34 

Specific gravity of fine aggregate (Sfa)         = 2.48 (Zone I) 

Specific gravity of coarse aggregate (Sca)     = 2.61 

Bulk density of coarse aggregate               = 1239 Kg/m
3
 

Bulk density of fine aggregate              = 1502 Kg/m
3
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Fineness modulus of Coarse Aggregate     = 7.01 

Fineness modulus of Fine aggregate          = 3.06 

Specific gravity of super plasticizer (Ss)       = 1.09 

Specific gravity of viscosity modifying agent (Sv) = 1.01 

Total cementitious materials 

(Cement and Phosphogypsum) may be taken as 640 kg/m
3
.  

Taking Phosphogypsum as 10% by weight of total powder content  

Weight of Phosphogypsum (Wpg)  = 0.1 x 640 = 64 kg/m
3
  

Weight of cement (Wc)  = 640-64 =576 kg/m
3  

Let the w/p ratio be 0.5. 

Weight of water (w)  = 640 x 0.5=320.0 kg/m
3
 

Taking weight of fine aggregate as 50% by volume of total aggregate   

Taking weight of coarse aggregate as 50% by volume of total aggregate Dosage of 

superplasticizer (SP) and viscosity modifying agent (VMA) from slump test specified by 

EFNARC for self compactability is found from experiments as 0.87% and 0.093% by weight 

of cementitious materials.  

Weight of superplasticizer including liquid content 

                                 = 0.87% weight of cementitious materials.  

   = 0.0087 x 640 = 5.6 kg/m
3
 

Weight of VMA  = 0.093% weight of cementitious materials.  

   = 0.00093 x 640 = 0.6 kg/m
3
 

Total Volume of aggregate (V) may be found by absolute volume method.  

0.99 =   
𝑊

𝑆𝑤
+

𝐶

𝑆𝑐
+

𝑝𝑔

𝑆𝑝𝑔
+

𝑆𝑃

𝑆𝑆𝑃
+

𝑉𝑀𝐴

𝑆𝑉𝑀𝐴
 + 𝑉 

1

1000
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0.99 =   
320

1
+
576

3.03
+

64

2.34
+
5.6

1.09
+
0.6

1.01
 + 𝑉 

1

1000
 

V=0.446 

Weight of fine aggregate = 0.446x0.5x2.48x1000=554.05kg/m
3
 

Weight of coarse aggregate = 0.590x0.5x2.61x1000=582.03kg/m
3
 

16mm passing and 12.5mm retained (40%)  = 218.0 Kg/m
3 

12.5mm passing and 4.75mm retained (60%) = 327.0 Kg/m
3 

12.5mm passing and 10mm retained (40%) = 130.8. Kg/m
3 

10mm passing and 4.75mm retained (60%) = 196.2 Kg/m
3 

Mix proportion by weight: 

Cement PG FA CA W/P Water SP VMA 

576 64 554.05 582.03 0.5 320 5.6 0.6 

0.9 0.1 0.865 0.909 0.5 0.5 8.75ml 0.93ml 

APPENDIX-5 

 
The mix proportions of SCC were obtained after extensive trails. From these trials, a 

mix proportioning procedure for SCC was arrived which is illustrated in the following 

calculations. The percentage of voids assumed was 1%   

Test data of materials: 

Cement used                                                    = Ultratech 43 grade                                             

Specific gravity of cement (Sc)            = 3.03 

Specific gravity of Phosphogypsum (Spg)      = 2.34 

Specific gravity of fine aggregate (Sfa)         = 2.48 (Zone I) 

Specific gravity of coarse aggregate (Sca)     = 2.61 

Bulk density of coarse aggregate               = 1239 Kg/m
3
 

Bulk density of fine aggregate              = 1502 Kg/m
3
 

Fineness modulus of Coarse Aggregate     = 7.01 
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Fineness modulus of Fine aggregate          = 3.06 

Specific gravity of super plasticizer (Ss)       = 1.09 

Specific gravity of viscosity modifying agent (Sv) = 1.01 

Total cementitious materials 

(Cement and Phosphogypsum) may be taken as 600 kg/m
3
.  

Taking Phosphogypsum as 10% by weight of total powder content  

Weight of Phosphogypsum (Wpg)  = 0.1 x 640 = 64 kg/m
3
  

Weight of cement (Wc)  = 640-64 =576 kg/m
3  

Let the w/p ratio be 0.4. 

Weight of water (w)  = 640 x 0.4=256.0 kg/m
3
 

Taking weight of fine aggregate as 50% by volume of total aggregate   

Taking weight of coarse aggregate as 50% by volume of total aggregate Dosage of 

superplasticizer (SP) and viscosity modifying agent (VMA) from slump test specified by 

EFNARC for self compactability is found from experiments as 1.2% and 0.0.093% by weight 

of cementitious materials.  

Weight of superplasticizer including liquid content 

                                 = 1.2% weight of cementitious materials.  

   = 0.0127 x 640 = 8.16 kg/m
3
 

Weight of VMA  = 0.093% weight of cementitious materials.  

   = 0.00093 x 640 = 0.6 kg/m
3
 

Total Volume of aggregate (V) may be found by absolute volume method.  

0.99 =   
𝑊

𝑆𝑤
+

𝐶

𝑆𝑐
+

𝑝𝑔

𝑆𝑝𝑔
+

𝑆𝑃

𝑆𝑆𝑃
+

𝑉𝑀𝐴

𝑆𝑉𝑀𝐴
 + 𝑉 

1

1000
 

 

0.99 =   
256

1
+
576

3.03
+

64

2.34
+
8.16

1.09
+
0.6

1.01
 + 𝑉 

1

1000
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V=0.508 

Weight of fine aggregate = 0.508x0.5x2.48x1000=629.92kg/m
3
 

Weight of coarse aggregate = 0.508x0.5x2.61x1000=662.94kg/m
3
 

16mm passing and 12.5mm retained (40%)  = 265.17 Kg/m
3 

12.5mm passing and 4.75mm retained (60%) = 397.76 Kg/m
3 

12.5mm passing and 10mm retained (40%) = 159.10 Kg/m
3 

10mm passing and 4.75mm retained (60%) = 238.65 Kg/m
3 

Mix proportion by weight: 

Cement PG FA CA W/P Water SP VMA 

576 64 629.92 662.94 0.4 256 8.16 0.6 

0.9 0.1 0.984 1.035 0.4 0.4 12.75ml 0.93ml 

APPENDIX-6 
 

The mix proportions of SCC were obtained after extensive trails. From these trials, a 

mix proportioning procedure for SCC was arrived which is illustrated in the following 

calculations. The percentage of voids assumed was 1%   

Test data of materials  

Cement used                                                    = Ultratech 43 grade                                             

Specific gravity of cement (Sc)            = 3.03 

Specific gravity of Phosphogypsum (Spg)      = 2.34 

Specific gravity of fine aggregate (Sfa)         = 2.48 (Zone I) 

Specific gravity of coarse aggregate (Sca)     = 2.61 

Bulk density of coarse aggregate               = 1239 Kg/m
3
 

Bulk density of fine aggregate              = 1502 Kg/m
3
 

Fineness modulus of Coarse Aggregate     = 7.01 

Fineness modulus of Fine aggregate          = 3.06 
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Specific gravity of super plasticizer (Ss)       = 1.09 

Specific gravity of viscosity modifying agent (Sv) = 1.01 

Total cementitious materials 

(Cement and Phosphogypsum) may be taken as 640 kg/m
3
.  

Taking Phosphogypsum as 10% by weight of total powder content  

Weight of Phosphogypsum (Wpg)  = 0.1 x 640 = 64 kg/m
3
  

Weight of cement (Wc)  = 640-64 =576 kg/m
3  

Let the w/p ratio be 0.4. 

Weight of water (w)  = 640 x 0.4=256.0 kg/m
3
 

Taking weight of fine aggregate as 50% by volume of total aggregate   

Taking weight of coarse aggregate as 50% by volume of total aggregate Dosage of 

superplasticizer (SP) and viscosity modifying agent (VMA) from slump test specified by 

EFNARC for self compactability is found from experiments as 1.44% and 0.047% by weight 

of cementitious materials.  

Weight of superplasticizer including liquid content 

                                 = 1.44% weight of cementitious materials.  

   = 0.0144 x 640 = 9.0 kg/m
3
 

Weight of VMA  = 0.047% weight of cementitious materials.  

   = 0.00047 x 640 = 0.3 kg/m
3
 

Total Volume of aggregate (V) may be found by absolute volume method.  

0.99 =   
𝑊

𝑆𝑤
+

𝐶

𝑆𝑐
+

𝑝𝑔

𝑆𝑝𝑔
+

𝑆𝑃

𝑆𝑆𝑃
+

𝑉𝑀𝐴

𝑆𝑉𝑀𝐴
 + 𝑉 

1

1000
 

 

0.99 =   
256

1
+
576

3.03
+

64

2.34
+

9

1.09
+
0.3

1.01
 + 𝑉 

1

1000
 

V=0.510 



International Journal of Emerging Trends in Engineering and Development      Issue 5, Vol. 4 (June.-July. 2015)           

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                  ISSN 2249-6149 

R S. Publication (rspublication.com), rspublicationhouse@gmail.com Page 375 
 

Weight of fine aggregate = 0.510x0.5x2.48x1000=633.0 kg/m
3
 

Weight of coarse aggregate = 0.510x0.5x2.61x1000=665.55kg/m
3
 

16mm passing and 12.5mm retained (40%)  = 266.22 Kg/m
3 

12.5mm passing and 4.75mm retained (60%) = 399.33 Kg/m
3 

12.5mm passing and 10mm retained (40%) = 159.73 Kg/m
3 

10mm passing and 4.75mm retained (60%) = 239.59 Kg/m
3  

Mix proportion by weight: 

Cement PG FA CA W/P Water SP VMA 

576 64 633 655.55 0.4 256 9 0.3 

0.9 0.1 0.989 1.039 0.4 0.4 14.16ml 0.46ml 

 APPENDIX-7 
 

The mix proportions of SCC were obtained after extensive trails. From these trials, a 

mix proportioning procedure for SCC was arrived which is illustrated in the following 

calculations. The percentage of voids assumed was 1%   

Test data of materials 

Cement used                                                    = Ultratech 43 grade                                             

Specific gravity of cement (Sc)            = 3.03 

Specific gravity of Phosphogypsum (Spg)      = 2.34 

Specific gravity of fine aggregate (Sfa)         = 2.48 (Zone II) 

Specific gravity of coarse aggregate (Sca)     = 2.61 

Bulk density of coarse aggregate               = 1239 Kg/m
3
 

Bulk density of fine aggregate              = 1502 Kg/m
3
 

Fineness modulus of Coarse Aggregate     = 7.01 

Fineness modulus of Fine aggregate          = 3.06 

Specific gravity of super plasticizer (Ss)       = 1.09 
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Specific gravity of viscosity modifying agent (Sv) = 1.01 

Total cementitious materials 

(Cement and Phosphogypsum) may be taken as 600 kg/m
3
.  

Taking Phosphogypsum as 10% by weight of total powder content  

Weight of Phosphogypsum (Wpg)  = 0.1 x 600 = 60 kg/m
3
  

Weight of cement (Wc)  = 600-60 =540 kg/m
3  

Let the w/p ratio be 0.4. 

Weight of water (w)  = 600 x 0.4=240.0 kg/m
3
 

Taking weight of fine aggregate as 50% by volume of total aggregate   

Taking weight of coarse aggregate as 50% by volume of total aggregate Dosage of 

superplasticizer (SP) and viscosity modifying agent (VMA) from slump test specified by 

EFNARC for self compactability is found from experiments as 1.5% and 0.05% by weight of 

cementitious materials.  

Weight of superplasticizer including liquid content 

                                 = 1.5% weight of cementitious materials.  

   = 0.015 x 600 = 9.0 kg/m
3
 

Weight of VMA  = 0.05% weight of cementitious materials.  

   = 0.0005 x 600 = 0.3 kg/m
3
 

Total Volume of aggregate (V) may be found by absolute volume method.  

0.99 =   
𝑊

𝑆𝑤
+

𝐶

𝑆𝑐
+

𝑝𝑔

𝑆𝑝𝑔
+

𝑆𝑃

𝑆𝑆𝑃
+

𝑉𝑀𝐴

𝑆𝑉𝑀𝐴
 + 𝑉 

1

1000
 

 

0.99 =   
240

1
+
540

3.03
+

60

2.34
+

9

1.09
+
0.3

1.01
 + 𝑉 

1

1000
 

V=0.537 

Weight of fine aggregate = 0.537x0.5x2.48x1000=666.66.kg/m
3
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Weight of coarse aggregate = 0.537x0.5x2.61x1000=700.8.kg/m
3
 

16mm passing and 12.5mm retained (40%)  = 280.32 Kg/m
3 

12.5mm passing and 4.75mm retained (60%) = 420.48 Kg/m
3 

12.5mm passing and 10mm retained (40%) = 168.192 Kg/m
3 

10mm passing and 4.75mm retained (60%) = 252.28 Kg/m
3 

Mix proportion by weight: 

Cement PG FA CA W/P Water SP VMA 

540 60 666.66 700.8 0.4 240 9 0.3 

0.9 0.1 1.11 1.168 0.4 0.4 15ml 0.5ml 

 APPENDIX-8 
 

The mix proportions of SCC were obtained after extensive trails. From these trials, a 

mix proportioning procedure for SCC was arrived which is illustrated in the following 

calculations. The percentage of voids assumed was 1%   

Test data of materials 

Cement used                                                    = Ultratech 43 grade                                             

Specific gravity of cement (Sc)            = 3.03 

Specific gravity of Phosphogypsum (Spg)      = 2.34 

Specific gravity of fine aggregate (Sfa)         = 2.48 (Zone I) 

Specific gravity of coarse aggregate (Sca)     = 2.61 

Bulk density of coarse aggregate               = 1239 Kg/m
3
 

Bulk density of fine aggregate              = 1502 Kg/m
3
 

Fineness modulus of Coarse Aggregate     = 7.01 

Fineness modulus of Fine aggregate          = 3.06 

Specific gravity of super plasticizer (Ss)       = 1.09 

Specific gravity of viscosity modifying agent (Sv) = 1.01 
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Total cementitious materials 

(Cement and Phosphogypsum) may be taken as 600 kg/m
3
.  

Taking Phosphogypsum as 10% by weight of total powder content  

Weight of Phosphogypsum (Wpg)  = 0.1 x 600 = 60 kg/m
3
  

Weight of cement (Wc)  = 600-60 =540 kg/m
3  

Let the w/c ratio be 0.4. 

Weight of water (w)  = 600 x 0.4=240.0 kg/m
3
 

Taking weight of fine aggregate as 50% by volume of total aggregate   

Taking weight of coarse aggregate as 50% by volume of total aggregate Dosage of 

superplasticizer (SP) and viscosity modifying agent (VMA) from slump test specified by 

EFNARC for self compactability is found from experiments as 1.5% and 0.05% by weight of 

cementitious materials.  

Weight of superplasticizer including liquid content 

                                 = 1.5% weight of cementitious materials.  

   = 0.015 x 600 = 9.0 kg/m
3
 

Weight of VMA  = 0.05% weight of cementitious materials.  

   = 0.0005 x 600 = 0.3 kg/m
3
 

Total Volume of aggregate (V) may be found by absolute volume method.  

0.99 =   
𝑊

𝑆𝑤
+

𝐶

𝑆𝑐
+

𝑝𝑔

𝑆𝑝𝑔
+

𝑆𝑃

𝑆𝑆𝑃
+

𝑉𝑀𝐴

𝑆𝑉𝑀𝐴
 + 𝑉 

1

1000
 

 

0.99 =   
240

1
+
540

3.03
+

60

2.34
+

9

1.09
+
0.3

1.01
 + 𝑉 

1

1000
 

V=0.537 

Weight of fine aggregate = 0.537x0.5x2.48x1000=666.66.kg/m
3
 

Weight of coarse aggregate = 0.537x0.5x2.61x1000=700.8.kg/m
3
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16mm passing and 12.5mm retained (25%)  = 175.2 Kg/m
3 

12.5mm passing and 10mm retained (25%) = 175.2 Kg/m
3 

10mm passing and 4.75mm retained (50%) = 350.4 Kg/m
3 

Mix proportion by weight: 

Cement PG FA CA W/P Water SP VMA 

540 60 666.66 700.8 0.4 240 9 0.3 

0.9 0.1 1.11 1.168 0.4 0.4 15ml 0.5ml 

 

APPENDIX-9 
 

The mix proportions of SCC were obtained after extensive trails. From these trials, a 

mix proportioning procedure for SCC was arrived which is illustrated in the following 

calculations. The percentage of voids assumed was 1%   

Test data of materials 

Cement used                                                    = Ultratech 43 grade                                             

Specific gravity of cement (Sc)            = 3.03 

Specific gravity of Phosphogypsum (Spg)      = 2.34 

Specific gravity of fine aggregate (Sfa)         = 2.48 (Zone I) 

Specific gravity of coarse aggregate (Sca)     = 2.61 

Bulk density of coarse aggregate               = 1239 Kg/m
3
 

Bulk density of fine aggregate              = 1502 Kg/m
3
 

Fineness modulus of Coarse Aggregate     = 7.01 

Fineness modulus of Fine aggregate          = 3.06 

Specific gravity of super plasticizer (Ss)       = 1.09 

Specific gravity of viscosity modifying agent (Sv) = 1.01 
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Total cementitious materials 

(Cement and Phosphogypsum) may be taken as 600 kg/m
3
.  

Taking Phosphogypsum as 0% by weight of total powder content  

Weight of Phosphogypsum (Wpg)  =  0 kg/m
3
  

Weight of cement (Wc)  = 600 kg/m
3  

Let the w/p ratio be 0.4 

Weight of water (w)  = 600 x 0.4=240.0 kg/m
3
 

Taking weight of fine aggregate as 50% by volume of total aggregate   

Taking weight of coarse aggregate as 50% by volume of total aggregate Dosage of 

superplasticizer (SP) and viscosity modifying agent (VMA) from slump test specified by 

EFNARC for self compactability is found from experiments as 1.5% and 0.05% by weight of 

cementitious materials.  

Weight of superplasticizer including liquid content 

                                 = 1.5% weight of cementitious materials.  

   = 0.015 x 600 = 9.0 kg/m
3
 

Weight of VMA  = 0.05% weight of cementitious materials.  

   = 0.0005 x 600 = 0.3 kg/m
3
 

Total Volume of aggregate (V) may be found by absolute volume method.  

0.99 =   
𝑊

𝑆𝑤
+

𝐶

𝑆𝑐
+

𝑝𝑔

𝑆𝑝𝑔
+

𝑆𝑃

𝑆𝑆𝑃
+

𝑉𝑀𝐴

𝑆𝑉𝑀𝐴
 + 𝑉 

1

1000
 

 

0.99 =   
240

1
+
600

3.03
+

0

2.34
+

9

1.09
+
0.3

1.01
 + 𝑉 

1

1000
 

V=0.543 m
3
 

Weight of fine aggregate = 0.543x0.5x2.48x1000=673.32 kg/m
3
 

Weight of coarse aggregate = 0.543x0.5x2.61x1000=708.61kg/m
3
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16mm passing and 12.5mm retained (25%)  = 177.15 Kg/m
3 

12.5mm passing and 10mm retained (25%) = 177.15 Kg/m
3 

10mm passing and 4.75mm retained (50%) = 354.30 Kg/m
3 

Mix proportion by weight: 

Cement PG FA CA W/P Water SP VMA 

600 0 673.32 708.61 0.4 240 9 0.3 

1 0 1.122 1.181 0.4 0.4 15ml 0.5ml 

 

APPENDIX-10 
 

The mix proportions of SCC were obtained after extensive trails. From these trials, a 

mix proportioning procedure for SCC was arrived which is illustrated in the following 

calculations. The percentage of voids assumed was 1%   

Test data of materials: 

Cement used                                                    = Ultratech 43 grade                                             

Specific gravity of cement (Sc)            = 3.03 

Specific gravity of Phosphogypsum (Spg)      = 2.34 

Specific gravity of fine aggregate (Sfa)         = 2.48 (Zone I) 

Specific gravity of coarse aggregate (Sca)     = 2.61 

Bulk density of coarse aggregate               = 1239 Kg/m
3
 

Bulk density of fine aggregate              = 1502 Kg/m
3
 

Fineness modulus of Coarse Aggregate     = 7.01 

Fineness modulus of Fine aggregate          = 3.06 

Specific gravity of super plasticizer (Ss)       = 1.09 

Specific gravity of viscosity modifying agent (Sv) = 1.01 
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Total cementitious materials 

(Cement and Phosphogypsum) may be taken as 600 kg/m
3
.  

Taking Phosphogypsum as 20% by weight of total powder content  

Weight of Phosphogypsum (Wpg)  = 0.2 x 600 = 120 kg/m
3
  

Weight of cement (Wc)  = 600-120 =480 kg/m
3  

Let the w/c ratio be 0.4. 

Weight of water (w)  = 600 x 0.4=240.0 kg/m
3
 

Taking weight of fine aggregate as 50% by volume of total aggregate   

Taking weight of coarse aggregate as 50% by volume of total aggregate Dosage of 

superplasticizer (SP) and viscosity modifying agent (VMA) from slump test specified by 

EFNARC for self compactability is found from experiments as 1.5% and 0.05% by weight of 

cementitious materials.  

Weight of superplasticizer including liquid content 

                                 = 1.5% weight of cementitious materials.  

   = 0.015 x 600 = 9.0 kg/m
3
 

Weight of VMA  = 0.05% weight of cementitious materials.  

   = 0.0005 x 600 = 0.3 kg/m
3
 

Total Volume of aggregate (V) may be found by absolute volume method.  

0.99 =   
𝑊

𝑆𝑤
+

𝐶

𝑆𝑐
+

𝑝𝑔

𝑆𝑝𝑔
+

𝑆𝑃

𝑆𝑆𝑃
+

𝑉𝑀𝐴

𝑆𝑉𝑀𝐴
 + 𝑉 

1

1000
 

 

0.99 =   
240

1
+
480

3.03
+
120

2.34
+

9

1.09
+
0.3

1.01
 + 𝑉 

1

1000
 

V=0.532 m
3
 

Weight of fine aggregate = 0.532x0.5x2.48x1000=659.68 kg/m
3
 

Weight of coarse aggregate = 0.532x0.5x2.61x1000=694.26 kg/m
3
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16mm passing and 12.5mm retained (25%)  = 173.56 Kg/m
3 

12.5mm passing and 10mm retained (25%) = 173.56 Kg/m
3 

10mm passing and 4.75mm retained (50%) = 347.13 Kg/m
3 

Mix proportion by weight: 

Cement PG FA CA W/P Water SP VMA 

480 120 659.68 694.26 0.4 240 9 0.3 

0.8 0.2 1.099 1.157 0.4 0.4 15ml 0.5ml 

 

APPENDIX-11 
 

The mix proportions of SCC were obtained after extensive trails. From these trials, a 

mix proportioning procedure for SCC was arrived which is illustrated in the following 

calculations. The percentage of voids assumed was 1%   

Test data of materials: 

Cement used                                                    = Ultratech 43 grade                                             

Specific gravity of cement (Sc)            = 3.03 

Specific gravity of Phosphogypsum (Spg)      = 2.34 

Specific gravity of fine aggregate (Sfa)         = 2.48 (Zone I) 

Specific gravity of coarse aggregate (Sca)     = 2.61 

Bulk density of coarse aggregate               = 1239 Kg/m
3
 

Bulk density of fine aggregate              = 1502 Kg/m
3
 

Fineness modulus of Coarse Aggregate     = 7.01 

Fineness modulus of Fine aggregate          = 3.06 

Specific gravity of super plasticizer (Ss)       = 1.09 

Specific gravity of viscosity modifying agent (Sv) = 1.01 
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Total cementitious materials 

(Cement and Phosphogypsum) may be taken as 600 kg/m
3
.  

Taking Phosphogypsum as 30% by weight of total powder content  

Weight of Phosphogypsum (Wpg)  = 0.3 x 600 = 180 kg/m
3
  

Weight of cement (Wc)  = 600-180 =420 kg/m
3  

Let the w/c ratio be 0.4. 

Weight of water (w)  = 600 x 0.4=240.0 kg/m
3
 

Taking weight of fine aggregate as 50% by volume of total aggregate   

Taking weight of coarse aggregate as 50% by volume of total aggregate Dosage of 

superplasticizer (SP) and viscosity modifying agent (VMA) from slump test specified by 

EFNARC for self compactability is found from experiments as 1.6% and 0.05% by weight of 

cementitious materials.  

Weight of superplasticizer including liquid content 

                                 = 1.6% weight of cementitious materials.  

   = 0.016 x 600 = 10.0 kg/m
3
 

Weight of VMA  = 0.05% weight of cementitious materials.  

   = 0.0005 x 600 = 0.3 kg/m
3
 

Total Volume of aggregate (V) may be found by absolute volume method.  

0.99 =   
𝑊

𝑆𝑤
+

𝐶

𝑆𝑐
+

𝑝𝑔

𝑆𝑝𝑔
+

𝑆𝑃

𝑆𝑆𝑃
+

𝑉𝑀𝐴

𝑆𝑉𝑀𝐴
 + 𝑉 

1

1000
 

 

0.99 =   
240

1
+
420

3.03
+
180

2.34
+

10

1.09
+
0.3

1.01
 + 𝑉 

1

1000
 

V=0.526 m
3
 

Weight of fine aggregate = 0.526x0.5x2.48x1000=652.24 kg/m
3
 

Weight of coarse aggregate = 0.526x0.5x2.61x1000=686.43kg/m
3
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16mm passing and 12.5mm retained (25%)  = 171.61 Kg/m
3 

12.5mm passing and 10mm retained (25%) = 171.61 Kg/m
3 

10mm passing and 4.75mm retained (50%) = 343.20 Kg/m
3 

Mix proportion by weight: 

Cement PG FA CA W/P Water SP VMA 

420 180 652.24 686.43 0.4 240 10 0.3 

0.7 0.3 1.087 1.144 0.4 0.4 16.6ml 0.5ml 

 

 APPENDIX-12 
 

The mix proportions of SCC were obtained after extensive trails. From these trials, a 

mix proportioning procedure for SCC was arrived which is illustrated in the following 

calculations. The percentage of voids assumed was 1%   

Test data of materials: 

Cement used                                                    = Ultratech 43 grade                                             

Specific gravity of cement (Sc)            = 3.03 

Specific gravity of Phosphogypsum (Spg)      = 2.34 

Specific gravity of fine aggregate (Sfa)         = 2.48 (Zone I) 

Specific gravity of coarse aggregate (Sca)     = 2.61 

Bulk density of coarse aggregate               = 1239 Kg/m
3
 

Bulk density of fine aggregate              = 1502 Kg/m
3
 

Fineness modulus of Coarse Aggregate     = 7.01 

Fineness modulus of Fine aggregate          = 3.06 

Specific gravity of super plasticizer (Ss)       = 1.09 

Specific gravity of viscosity modifying agent (Sv) = 1.01 
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Total cementitious materials 

(Cement and Phosphogypsum) may be taken as 600 kg/m
3
.  

Taking Phosphogypsum as 30% by weight of total powder content  

Weight of Phosphogypsum (Wpg)  = 0.3 x 600 = 180 kg/m
3
  

Weight of cement (Wc)  = 600-180 =420 kg/m
3  

Let the w/c ratio be 0.4. 

Weight of water (w)  = 600 x 0.4=240.0 kg/m
3
 

Taking weight of fine aggregate as 50% by volume of total aggregate   

Taking weight of coarse aggregate as 50% by volume of total aggregate Dosage of 

superplasticizer (SP) and viscosity modifying agent (VMA) from slump test specified by 

EFNARC for self compactability is found from experiments as 2.0% and 0.05% by weight of 

cementitious materials.  

Weight of superplasticizer including liquid content 

                                 = 2.0% weight of cementitious materials.  

   = 0.02 x 600 = 12 kg/m
3
 

Weight of VMA  = 0.05% weight of cementitious materials.  

   = 0.0005 x 600 = 0.3 kg/m
3
 

Total Volume of aggregate (V) may be found by absolute volume method.  

0.99 =   
𝑊

𝑆𝑤
+

𝐶

𝑆𝑐
+

𝑝𝑔

𝑆𝑝𝑔
+

𝑆𝑃

𝑆𝑆𝑃
+

𝑉𝑀𝐴

𝑆𝑉𝑀𝐴
 + 𝑉 

1

1000
 

 

0.99 =   
240

1
+
420

3.03
+
180

2.34
+

12

1.09
+
0.3

1.01
 + 𝑉 

1

1000
 

V=0.523 m
3
 

Weight of fine aggregate = 0.523x0.5x2.48x1000=648.52 kg/m
3
 

Weight of coarse aggregate = 0.523x0.5x2.61x1000=682.52kg/m
3
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16mm passing and 12.5mm retained (25%)  = 170.63 Kg/m
3 

12.5mm passing and 10mm retained (25%) = 170.63 Kg/m
3 

10mm passing and 4.75mm retained (50%) = 341.26 Kg/m
3 

Mix proportion by weight: 

Cement PG FA CA W/P Water SP VMA 

420 180 648.52 682.52 0.4 240 12 0.3 

0.70 0.3 1.080 1.137 0.4 0.4 20ml 0.5ml 

 


