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Abstract 

 

Self compacting concrete (SCC) is a flowing concrete mixture that is able to consolidate under its own weight. The highly fluid 

nature of SCC makes it suitable for placing in difficult conditions and in sections with congested reinforcement. Knowing this, it 

is implied that the industry can save many working hours by reducing the need for people vibrating the fresh concrete to compact 

it, when there is no need for compacting, the quality assurance of the vibrating as an uncertain factor, regarding the final results 

of the concrete. SCC generally has a higher powder content then Normal Vibrated Concrete (NVC) and thus it is necessary to 

replace some of the cement by cementitious material to achieve workable, durable and economical concrete. The benefit of using 

„Emery‟ as a supplementary material in SCC leads to many technical advantages. Mix design methods, tests, target properties 

and constituents materials were selected. The result shows that for constant filling ability of the SCC, replacement of cement 

requires an increase in water/powder ratio and a reduction in superplasticiser dosage. The project can lead to the use of Eamry in 

SCC, thus saving landfill and reduce CO2 emission by the use of less cement. An attempt has been made to study the behaviour 

of SCC with Emery as SCM and understands the effect of the mineral admixtures on fresh & hardened properties of SCC. The 

paper has investigated the compatibility of above emery powders in SCC along with chemical admixture such as super 

plasticizers. Result has indicative of enhancement in self compact ability & hardened strength of SCC by replacement of cement 

by emery. 

Keywords: SCC, SCM, NVC, Superplasticisers, Emery 

_______________________________________________________________________________________________________ 

I. INTRODUCTION 

In general, a newly placed concrete is compacted by vibrating equipment to remove the entrapped air, thus making it dense and 

homogeneous; this is referred to as normally vibrated concrete (NVC) in this paper. Compaction is the key to producing good 

concrete with optimum strength and durability. However, in Japan in the early 1980‟s, because of the increasing reinforcement  

volumes with smaller bar diameters and a reduction in skilled construction workers, full compaction was difficult to obtain or 

judge, leading to poor quality concrete. Professor Okamura therefore proposed a concept for a design of concrete independent of 

the need for compaction. Ozawa and Maekawa produced the first prototype of SCC at the University of Tokyo in 1988. Since 

that time SCC has gone from a laboratory novelty to practical applications all over the world. The increasing numbers of papers 

published every year that deal with all aspects of SCC, e.g. mix design, rheological and physical properties and applications in 

practice indicate research on this technology is thriving. Compared to NVC, SCC possesses enhanced qualities, and its use 

improves productivity and working condition. Because compaction is eliminated, the internal segregation between solid particles 

and the surrounding liquid is avoided which results in less porous transition zones between paste and aggregate and a more even 

colour of the concrete. Improved strength, durability and finish of SCC can therefore be anticipated. For much concrete 

construction, the structural performance is improved by increasing reinforcement volumes, limiting cracking by using smaller 

bar diameters and using complex formwork, all of which increase the difficulty of compaction. SCC meets the above 

developments by making casting homogeneous concrete in congested structures possible; it also improves efficiency and 

effectiveness on site by reducing the construction time and labour cost. SCC also improves the workplace environment by 

reducing noise pollution and eliminating the health problems related to the use of vibration equipment such as „white fingers‟ 

and deafness. SCC is therefore called „the quiet revolution in concrete construction‟. As a result, the precast concrete products 

industry has become the biggest user of SCC in Europe. 
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II. WHAT IS SCM? 

In its most basic form, concrete is a mixture of Portland cement, sand, coarse aggregate and water. The principal cementitious 

material in concrete is Portland cement. Today, most concrete mixtures contain supplementary cementitious materials that make 

up a portion of the cementitious component in concrete. These materials are generally by products from other processes or 

natural materials. They may or may not be further processed for use in concrete. Some of these materials are called pozzolans, 

which by themselves do not have any cementitious properties, but when used with Portland cement, react to form cementitious 

compounds. Other materials, such as slag, do exhibit cementitious properties. For use in concrete, supplementary cementitious 

materials, sometimes referred to as mineral admixtures, need to meet requirements of established standards. They may be used 

individually or in combination in concrete. They may be added to the concrete mixture as blended cement or as separately 

batched ingredient at the ready mixed concrete plant.  

Generally SCC is more costly about 4%, than the normal vibrated concrete. For the same to make SCC a convenient option 

SCMs are added to the mix as a cement replacement. Higher powder ratio in the SCC mix reduces the chances of segregation 

and bleeding. 

 Emery: A.

In Rajkot, there is huge amount of metal industries. This material is a by product of it. Generally it is obtained from scrape 

cutting units. The mechanical properties of emery are changes from material to material i.e. cast iron, mild steel and ion 

pigments. 

Many researchers has put their priceless effort in the area of SCC with various kinds of SCMs and carried out the desired fresh 

as well as hardened properties. 

In this paper little efforts has been narrated in particular direction. 

III. REQUIREMENTS FOR SCC 

The basic requirements of the fresh SCC are quite different then the NVC. SCC is a liquid particle suspension due to higher 

powder ratio and exhibits very different properties in the plastic state. The following properties are defined in accordance with 

the EFNARC guidelines which are acceptable worldwide: 

1) Filling ability: Complete filling of concrete into the formwork and encapsulating of reinforcement. Filling ability is 

generally measured by slump flow (Fig.3a) or J-Ring test(Fig.3b). Depending on the situations and application it may 

varies from 600 to 750mm.  

2) Passing ability: Congested reinforcement and narrow sections of formworks are main factors to reduce the passing 

ability of concrete. It is normally measured by L-box(Fig.3c). According to   the EFNARC guidelines SCC is comply 

with H2/H1= 0.80 to 1.0 

3) Segregation resistance: It is mandatory to maintain the homogeneity of concrete mix throughout all the tasks i.e. mixing, 

during transportation as well as during casting. The dynamic stability refers to the resistance to segregation during 

placement and the static stability refers to resistance to bleeding, segregation and surface settlement after casting. 

 
Fig. 1: A Slump Flow Test 

 
Fig. 2: B L-Box Test        

                        



“Emery” The Industrial Waste as A Supplementary Cementitious Material in Self Compacting Concrete  
(IJIRST/ Volume 1 / Issue 12 / 059) 

 

 
All rights reserved by www.ijirst.org 342 

 
Fig. 3: V-Funnel Test Apparatus 

Self compacting concrete is a two phase particle suspension and is very fluid. So the challenge is to sustain its flowability of 

the suspension particles and to avoid the segregation during these two phases (solid and liquid). The main mechanism is to 

control the flowing ability and static as well as dynamic stability of SCC is related to the surface chemistry. Thus, development 

of SCC has been strongly development on surface active admixtures as well as particle packing properties. 

Fresh SCC behaviour can‟t be fully analysed without understanding flow and deformation science. The placing, spreading, 

and pumping and compaction of any concrete depends only on its rheological properties. Rheology is now seriously taken into 

account by concrete users, rather than being seen as an area of specialized domain of cement science. The primary key 

parameters are yield stress and plastic viscosity. Although, rheological evaluations are seriously considered by users, they are 

still primarily used for research not yet in any significant way as a tool in quality control and quality assurance. This is because 

of the higher cost of the equipment. Further development in this area will soon provide suitable equipment. 

In material design generally for quality control and assurance the fresh properties are carried by well known methods like 

slump flow, V-funnel, L-box, U-box and J-Ring. 

IV. HARDENED PROPERTIES OF SCC 

Composition of materials for SCC differs from the composition of materials for NVC. In SCC usually more content of sand, and 

the binder content is very high. Properly proportioned and executed SCC is generally more compact and less variable than same 

NVC. The fact is that there is only small difference between SCC and NVC. It is interesting to know that the SCC has higher 

paste and lower content of coarse aggregate due to this it does not show higher drying shrinkage characteristics that would be 

expected instead because of its reduced moisture content and denser microstructure, drying shrinkage is slightly lower than 

NVC. Improvement in hardened properties and durability characteristics of SCC are directly related to the reduced void ratio 

between particles. 

For the safety reason it is generally accepted that hardened SCC properties are considered same as the normal vibrated concrete 

of the same water binder ratio. 

V. EXPERIMENTAL PROGRAM 

The following steps are included in this phase: 

1) Design of concrete mix 

2) Mixing of concrete 

3) Test specimens 

4) Fresh properties of concrete 

5) Hardened properties concrete 

 Design of Concrete Mix: A.

There are no specific provisions for mixing proportions of self compacting concrete in Indian standards. Many people have put 

so many efforts to describe such things among these few basic criteria are summarised for designing the mixture proportion of 

SCC: 

In designing the SCC it is basic requirement to assume the relative proportion of the key parameters by volume rather than by 

mass. The following key parameters are to be calculated  for SCC: 

1) Air content by volume 

2) Coarse aggregate content by volume should not be more than 29% 

3) Paste content by volume 

4) Binder content by weight 

5) Replacement of cement by SCM by percentage by weight of binder 

6) Water/binder ratio by weight 
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7) Volume of fine aggregate 

8) Superplasticiser dosage by percentage of binder weight 

 Mixing of Concrete: B.

The coarse and fine aggregate with 70%  water with superplasticer added into mixer and mixed for 30 seconds in machine mixer. 

The cement and emery were added together and mixed for 2 minutes and remaining mix of water and superplasticer was added 

into the mixer. 

 Test Specimens: C.

Three types of specimens to be used for carry out hardened properties of concrete named cubes, beams and cylinders. 

Following table shows the mixing proportions of different mixes: 
Table – 1 

Mix Design Proportion 

Sr.No

. 
Type of Mix 

W/P 

ratio 

Total 

Binder 

(kg/cum) 

Cement 

(kg/cum) 

Emery 

(kg/cum) 

Coarse 

aggregate 

(kg/cum) 

(26.8_60:40) 

Fine 

aggregate 

(kg/cum) 

Water 

(liter/cum) 

S.P.(1%) 

(kg/cum) 

1 M-30(0%) 0.36 500 500 0 741.69 955.12 180 5 

2 M-30(15%) 0.36 500 425 75 741.69 955.12 180 5 

3 M-30(30%) 0.36 500 350 150 741.69 955.12 180 5 

 
Table – 2 

Sr.No. 
Type of 

Mix 

W/P 

ratio 

Total 

Binder 

(kg/cum) 

Cement 

(kg/cum) 

Emery 

(kg/cum) 

Coarse 

aggregate 

(kg/cum) 

(26.8_60:40) 

Fine 

aggregate 

(kg/cum) 

Water 

(liter/cum) 

S.P.(1.1%) 

(kg/cum) 

1 M-35(0%) 0.36 525 525 0 741.69 955.12 189 5.78 

2 M-35(15%) 0.36 525 446.25 78.75 741.69 955.12 189 5.76 

3 M-35(30%) 0.36 525 367.5 157.5 741.69 955.12 189 5.76 

 Fresh Properties of Concrete: D.
Table – 3 

Sr.No. Type of Mix 
Slump (mm) T500 Slump Flow (sec) V-Funnel (sec) L- Box {h2/h1) 

600-750 mm <6 sec. 8-12 sec. 0.8-1 

1 M-30(0%) 680 3.5 8.1 0.85 

2 M-30(15%) 665 4.2 8.6 0.89 

3 M-30(30%) 620 5.4 9.2 0.94 

4 M-35(0%) 705 3 10.7 0.81 

5 M-35(15%) 675 4 11 0.9 

6 M-35(30%) 640 5.1 11.4 0.92 

 Hardened Properties of Concrete: E.
Table – 4 

M-30 M-35 

Compressive Strength of cubes in Mpa 

Sr No Type of Mix 7 days 14 days 28 days Sr No Type of Mix 7 days 14 days 28 days 

1 Mix-1(0%) 28.7 36.5 42.5 1 Mix-1(0%) 29.71 37.52 45.7 

2 Mix-2(15%) 29.5 36.6 43 2 Mix-2(15%) 33.39 38.82 47.4 

3 Mix-3(30%) 28.5 34 40 3 Mix-3(30%) 28.79 36.74 44.3 

Split tensile strength of cylinder in Mpa 

1 Mix-1(0%) 2.38 2.78 3.32 1 Mix-1(0%) 3.1 3.5 3.98 

2 Mix-2(15%) 2.81 3.32 3.78 2 Mix-2(15%) 3.22 3.79 4.2 

3 Mix-3(30%) 2.28 2.64 3.18 3 Mix-3(30%) 3.12 3.67 4.06 

Pull out strength of cubes in Mpa 

1 Mix-1(0%) 3.55 6.23 9.3 1 Mix-1(0%) 4.07 7.13 10.67 

2 Mix-2(15%) 4.24 6.9 8.97 2 Mix-2(15%) 4.72 8.26 12.39 

3 Mix-3(30%) 3.51 4.6 7.58 3 Mix-3(30%) 3.93 6.88 10.32 
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Flexural  strength of beam in Mpa 

1 Mix-1(0%) 2.16 3.14 4.46 1 Mix-1(0%) 2.79 4.07 5.78 

2 Mix-2(15%) 3.12 3.71 5.29 2 Mix-2(15%) 3.19 4.66 6.62 

3 Mix-3(30%) 2.84 3.07 4.32 3 Mix-3(30%) 2.54 3.71 5.27 

 

VI. CONCLUSIONS 

1) The maximum compressive strength is obtained by addition of 15% of Emery as compared to addition of 0 % and 30% 

replacement of cement by Emery. 

2) The maximum tensile strength is obtained by addition of 15% of Emery as compared to addition of 0 % and 30% 

replacement of cement by Emery. 

3) The maximum pull out strength is obtained by addition of 15% of Emery as compared to addition of 0 % and 30% 

replacement of cement by Emery. 

4) The maximum flexural strength is obtained by addition of 15% of Emery as compared to addition of 0 % and 30% 

replacement of cement by Emery. 

5) By adding more amount of replacement material the fresh properties of concrete are constantly decreased . 

6) The overall density of self compacting concrete is increased. 
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