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ABSTRACT: 

Fly ash, also known as flue-ash, is one of the residues generated in combustion, and comprises the fine particles that rise 

with the flue gases. Ash which does not rise is termed bottom ash. The Self Compacting Concrete is an engineered 

material consisting of cement, aggregates, water and admixtures with several new constituents like colloidal silica, 

pozzolanic materials, Portland fly ash (PFA), ground granulated blast furnace slag(GGBS), micro silica, metakaolin, 

chemical admixtures to take care of specific requirements, such as, high-flow ability, compressive strength, high 

workability, enhanced resistances to chemical or mechanical stresses, lower permeability, durability, resistance against 

aggregation, and passing ability under dense reinforcement conditions. In the present study, it is focussed to determine 

the passing ability and filling ability of fresh SCC with fly ash partially replaced for cement. Fly ash is replaced by 30%, 

40% and 50% of cement and tested for flowing ability by slump cone test and passing ability by J ring test. The EFNARC 

codal provisions is followed to obtain the mix design for SCC production with fly ash. The compressive strength of the 

hardened concrete is also determined after curing for 7 days, 14 days, 28 days and 56 days. The optimum percentage of 

replacement of fly ash in self compacting concrete is determined by these studies. 
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INTRODUCTION 

The Self Compacting Concrete is an engineered material consisting of cement, aggregates, water and 

admixtures with several new constituents like colloidal silica, pozzolanic materials, Portland fly ash (PFA), 

ground granulated blast furnace slag(GGBS), micro silica, metakaolin, chemical admixtures to take care of 

specific requirements, such as, high-flow ability, compressive strength, high workability, enhanced resistances 

to chemical or mechanical stresses, lower permeability, durability, resistance against aggregation, and passing 

ability under dense reinforcement conditions. The properties such as, fluidity and high resistance to 

segregation enables the placement of concrete without vibrations and with reduced labor, noise and much less 

wear and tear of equipment. Use of Self Compacting Concrete overcomes the problem of concrete placement 

in heavily reinforced sections and it helps to shorten construction period. 

Fly ash, also known as flue-ash, is one of the residues generated in combustion, and comprises the fine 

particles that rise with the flue gases. Ash which does not rise is termed bottom ash. In an industrial context, 

fly ash usually refers to ash produced during combustion of coal. Fly ash is generally captured by electrostatic 

precipitators or other particle filtration equipment before the flue gases reach the chimneys of coal-fired power 

plants and together with bottom ash removed from the bottom of the furnace is in this case jointly known as 

coal ash. Depending upon the source and makeup of the coal being burned, the components of fly ash vary 

considerably, but all fly ash includes substantial amounts of silicon dioxide (SiO2) (both amorphous and 

crystalline) and calcium oxide (CaO), both being endemic ingredients in many coal-bearing rock strata. 

Thermal Power stations using pulverized coal or lignite as fuel generate large quantities of ash as a by-

product. There are about 85 power plants in India, which form the major source of fly ash in the country. With 

the commissioning of super thermal power plants and with the increasing use of low grade coal of high ash 

content, the current production of ash is about 112 million tonnes per year. Primarily, the fly ash is disposed 

off using either dry or wet disposal scheme. In dry disposal, the fly ash is transported by truck, chute or 

conveyor at the site and disposed off by constructing a dry embankment (dyke). In wet disposal, the fly ash is 
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transported as slurry through pipe and disposed off in impoundment called "ash pond". Most of the power 

plants in India use wet disposal system. This Fly ash is a great environment threat causing damage to the land 

and the surrounding areas in which it is disposed off. The particle size of the cement is about 35 microns. 

There may be formation of void in the concrete mixes, if curing is not done in properly. Thus reduces the 

strength and quality of the concrete. Fly ash is finer than cement having very small particle size of less than 25 

microns, so much so that it fills the interstices in between the cement in the aggregate. That is where the 

density comes from and it can reduce the amount of cement in the concrete mix. The technical feasibility for 

utilization of Fly ash as a partial substitute for cement in Self Compacting Concrete is investigated in present 

studies. 

 

Objectives of the Study 

1. To determine the effect of Fly ash as partial substitute of cement on the properties of self-compacting 

concrete in fresh state (filling ability and passing ability).  

2. To determine the effect of Fly ash as partial substitute of cement on the properties of self-compacting 

concrete in hardened state (compressive strength).  

 

MATERIALS  AND METHODOLOGY 

In the present study the materials used are cement, fine aggregates (river sand), coarse aggregates, fly ash, 

viscosity modifying agent (Auramix 400) and water. Properties of materials discussed includes chemical 

composition, specific gravity, water absorption, fineness, bulk density, initial setting time, final setting time, 

consistency, soundness, moisture content etc. 

Table 1: Physical Properties of Ordinary Portland Cement (OPC) 

 SI.  

Physical Properties 

 Results  Requirements  

 

NO. 

  

 

 

IS:8112-1989 

 

          

                  

 1.  Fineness (retained on 90µm sieve)% 7    10% maximum  

                   

 2.  Normal consistency (%)   30     30%    

                   

 3.  Specific gravity of cement   3.15    3.0 to 3.15  

                   

 4.  Vicat time of setting(minutes)            

   a)Initial setting time    100   30 minimum  

   b)Final setting time    425   600 maximum  

                  

 5.  Soundness of cement(mm)   1    10 maximum  

                 

 6.  Compressive strength at 28 days (MPa) 44.3MPa  More than 43 MPa  

                  

     Table 2: Chemical Properties of OPC        

                    

 Type  Sio2 Al2O3 Fe2O3  CaO MgO K2O Na2O  TiO2  

Mn

O  S03 LOI   

                    

 OPC  22.48 7.12 3.01  59.03 1.77 1.33 0.36  0.37  1.4  4.20 1.5   

 (%)                   
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The above tables give the physical and chemical properties of Ordinary Portland Cement (OPC) which are 

very important in deciding the performance of cement mortar mix and the optimum replacement of cement 

content with fly ash. 

The physical properties of the coarse aggregates are tested as per IS 2386-part III. The results obtained are 

shown in the Table 3. The test results of sieve analysis are as shown in Table 4. 

                       Table 3: Physical properties of Coarse Aggregates 

 Sl. no Physical properties Results Requirements  

   obtained IS:2386(PT3)-1963  

      

 1. Specific gravity of C.A 2.76 2.60 to 2.80  

      

 2. Fineness modulus of C.A 7.35 6.0 to 8.0  

      

 3. Bulk density of C.A    

  a)Dense state(Kg/m
3
) 1522.78   

  b)Loose state(Kg/m
3
) 1354.01   

      

 4. Absorption capacity of C.A (%) 0.45 <0.6%  

      

 5. Surface moisture of C.A (%) - -  

      

 6. Impact value (%) 27.94 Less than 45%  

      

 7. Crushing strength (%) 24.81 Less than 45%  

      

   

Table 4: Test results of Sieve Analysis of Coarse Aggregates 

Sl. IS sieve Percentage Percentage passing for Remarks  

no size in passing single sized aggregate   

 mm  of nominal size 20mm   

   as per IS: 383-1970   

      

1. 25 94.73  In the supplied  

2. 20 63.64 85-100 sample of C.A,  

3. 16 24.37  percentage passing  

4. 12.50 6.78  are single sized  

5. 10 1.12 0-20 aggregate of nominal  

6. 6.30 0.17  size slightly larger  

7. 4.75 0 0-5 

than 20mm as per  

IS: 383-1970. 

 

8. Pan - 
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IS: 383-1970 defines the fine aggregates as particles, which will pass through 4.75mm IS sieve and retained 

on 150 micron IS sieve. It is also called as sand. Generally natural river sand is used for any construction 

work. The sand is generally considered to have a lower size limit 0.07mm. The material between 0.06mm and 

0.002mm is known as silt. Still smaller particle is termed as clay. 

 

Table 5: Physical properties of Fine Aggregates 

 Sl. no Physical properties Results Requirement  

   obtained IS:2386(PT3)-1963  

      

 1. Specific gravity of F.A 2.67 2.60 t0 2.80  

      

 2. Fineness modulus of F.A 2.72 2.20 to 3.20  

      

 3. Bulking of F.A (%) 36 Less than 40%  

      

 4. Bulk density of F.A    

  a)Dense state(Kg/m
3
) 1564.97   

  b)Loose state (Kg/m
3
) 1396.20   

      

 5. Absorption capacity of F.A (%) 1.43 <2%  

      

   

The properties of fine aggregates are determined by conducting tests as per IS: 2386-Part III. The results 

obtained are as shown in Table 5. The test results of sieve analysis are as shown in Table 6. 

 

Table 6: Test results of Sieve Analysis of Fine Aggregates 

Sl. IS sieve Percentage Percentage passing Remark  

no size in mm passing for Grading-II as per   

   IS: 383-1970   

      

1. 4.75 96.70 90-100 In the supplied  

2. 2.36 93.30 75-100 sample of F.A,  

3. 1.18 70.90 55-90 percentage passing  

4. 0.60 55.10 35-59 aggregates fall  

5. 0.30 9.95 8-30 under Grading-II as  

6. 0.15 1.60 0-10 per  

7. Pan 0 

 IS: 383-1970.  

   

 

Depending upon the source and makeup of the coal being burned, the components of fly ash vary 

considerably, but all fly ash includes substantial amounts of silicon dioxide (SiO2) (both amorphous and 

crystalline) and calcium oxide (CaO), both being endemic ingredients in many coal-bearing rock strata. The 
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physical properties of the fly ash obtained from the testing are given in Table 7.  

Table 7: Physical properties of Fly Ash 

Sl. 

Physical properties 

Result Requirements  

no obtained IS:3812(PT1)-2000 

 

  

     

1. Fineness (retained on 45µ sieve)% 43% 34%  

     

2. Specific gravity of fly ash 2.31 2.2 to 2.5  

     

3. Bulk density (kg/m
3
) 950 -  

     

Chemical admixtures are grouped according to their functions as accelerators, retarders, water reducing agents 

and super plasticizers. The admixture used here is Auramix 400, which is a water reducer and viscosity-

modifying agent collected from “FOSROC Chemicals (India) Pvt. Ltd, Bangalore‟. This admixture is added 

to increase the workability of concrete and to obtain the self compacting property in concrete. 

The main characteristics of Self Compacting Concrete are the properties in fresh state. Self - Compacting 

Concrete mix design is focused on the ability to flow under its own weight without vibration, the ability to 

flow through heavily congested reinforcement under its own weight, and the ability to obtain homogeneity 

without segregation of aggregates. The ability of Self-compacting concrete to flow into and fill completely all 

spaces within the formwork, under its own weight is called as filling ability. It is also called as unconfined 

flow ability. The ability of Self-compacting concrete to flow through tight openings such as spaces between 

steel reinforcing bars without segregation and blocking is called as passing ability. It is also known as 

confined flow ability. Segregation resistance or stability is defined as the ability of Self-compacting concrete 

to remain homogeneous in composition during transport and placing. Table 8 shows the different tests 

conducted to find the fresh concrete properties of Self -Compacting Concrete. 

Table 8: Fresh Properties of Self Compacting Concrete 

 Sl. No Method Unit Typical range of values  

       

    Minimum Maximum  

       

 1. Slump flow by Abrams cone mm 650 800  

       

 2. T50cm slump flow Sec 2 5  

       

 3. J-ring mm 0 10  

       

 4. V-funnel Sec 6 12  

       

 5. V-funnel at T5minutes Sec 0 3  

       

 6. L-box mm 0.8 1.0  

       

 7. U-box mm 0 30  

       

 8. Fill box % 90 100  

       

 9. GTM screen stability test % 0 15  
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RESULTS AND DISCUSSIONS 

The basic ingredients used in Self Compacting Concrete mixes are practically the same as those used in the 

conventional HPC, vibrated concrete, except they are mixed in different proportions and the addition of 

special admixtures to meet the project specifications for Self Compacting Concrete. Laboratory and field tests 

have demonstrated that the Self-Compacting Concrete hardened Properties are indeed similar to those of HPC. 

Table 9 shows some of the structural properties of Self Compacting Concrete. 

Table 9: Structural properties of SCC 

 

 Item Range  

    

 Water-binder ratio (%) 25 to 40  

    

 Air content (%) 4.5 to 6.0  

    

 Compressive strength(age:28 days)(M Pa) 40 to 80  

    

 Compressive strength(age:91 days)(M Pa) 55 to 100  

    

 Splitting tensile strength(age:28 days)(M Pa) 2.4 to 4.8  

    

 Elastic modulus(G Pa) 30 to 36  

    

 Shrinkage strain(*10
-6

) 600 to 800  

    

.   

Self-Compacting concrete compressive strength are comparable to those of conventional vibrated concrete 

made with similar mix proportions and water/cement ratio. There is no difficulty in producing Self 

Compacting Concrete with compressive strength up to 60M Pa. Tensile strength is based on the indirect 

splitting test on cylinders. For Self Compacting concrete, the tensile strengths are the ratios of tensile and 

compressive strengths are in the same order of magnitude as the conventional concrete. Pullout tests to 

determine the strength of the bond between concrete and reinforcement of different diameters. In general, the 

Self Compacting concrete bond strengths expressed in terms of the compressive strengths are higher than 

those of conventional concrete. Self -Compacting concrete and conventional concrete bear a similar 

relationship between modulus of elasticity and compressive strength.  

One grade of concrete mixes M25 having characteristics strength of 25MPa is examined. In the absence of 

any codal recommendation available for designing self-compacting concrete, the mixture proportioning was 

carried out by using the guidelines given by EFNARC 2002. Self-compacting concrete is largely affected by 

the characteristics of materials and the mix-proportion. The coarse aggregate and fine aggregate contents are 

fixed so that self-compatibility can be achieved easily adjusting the water powder ratio and viscosity-

modifying agent only. The following indicative typical ranges of proportion and quantities are given by the 

EFNARC. 

 Water/powder content by volume 0.8 to 1.10.  

 Total powder content 400-600 kg/m
3
.  

 Coarse aggregate content 28 to 35% by volume.  

 Water content <200 kg/m
3
.  

 Sand content balances the volume of the other constituents.  

 Adjusting the viscosity modified agent.  
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One control mixture (MF0%) without Fly ash was designed approximately keeping in mind some of the basic 

concepts. Then we decided the mix proportion based on slump flow test, T50cm slump flow test and J-ring test. 

Over target strength is 50 N/mm
2
, to arrive the target strength we arrive at a mix proportion of 1:1.75:1.25 

with w/c ratio=0.46, we have used an admixture named Auramix 400 to get better flow ability. From all trials 

finally we arrived at an admixture dosage of 0.6% by weight of binding material. The other three concrete 

mixtures were made by replacing cement with 30%, 40% and 50% of Fly ash by mass. Table 10 shows the 

quantities of materials required per cubic meter of concrete for various mix proportions. Admixture used was 

0.60% of weight of binder. 

Table 10: Quantities of Materials 

 Sl. Mix identification MF0% MF30% MF40% MF50%   

 

no. 

       

 Raw materials       

         

 1. Cement (kg/m
3
) 423.91 289.13 242.55 193.88   

         

 2. Fly ash (kg/m
3
) 0 123.91 161.70 193.88   

         

 3. Fine aggregate(kg/m
3
) 1140.09 1181.96 1190.75 1207.24   

         

 4. Coarse aggregate(kg/m
3
) 736.0 705.0 705.0 705.0   

         

 5. Water/cement ratio 0.46 0.46 0.47 0.49   

         

 6. Water content (kg/m
3
) 195 190 190 190   

         

 7. Water/powder content 0.80 0.85 0.85 0.85   

         

 8. % of C.A content by volume 32 30 30 30   

         

The filling ability and was tested by slump flow test and T50cm slump flow test. The Table 11 gives the results 

of slump flow test and Table 12 gives the results of T50cm slump flow test. 

Table 11: Results of Slump Flow Test 

 

W/C ratio Fly ash in Mix Flow value in Remark  

 percentage proportion mm   

0.46 0  645 For SCC minimum  

    

slump flow of 

 

0.46 30 1:1.75:1.25 635 

 

  

    

650+/-50 mm is 

 

0.47 40 

 

630 

 

   

    required as per EN.  

0.49 50  620   
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Table 12: Results of T50 Slump Flow Test 

 

W/C Fly ash in Mix proportion Time taken to reach Remarks  

ratio percentage  50cm diameter in sec   

      

0.46 0  3 For SCC flow  

  

1:1.75:1.25 

 

time is between 

 

0.46 30 4 

 

   

    

3-5 seconds as 

 

0.47 40 

 

4 

 

   

    

per EN 

 

0.49 50 

 

5 

 

 

requirement. 

 

     

      

 

The passing ability was tested by J- ring test. Table 13 gives the results of J-Ring Test. 

Table 13: Results of J – Ring Test 

Fly ash in Depth Depth measured Difference Remarks  

percentage measured outside the J- in depth in   

 inside the J- ring in mm mm   

 ring in mm     

0 33 25 8 For SCC  

    

minimum 

 

10 35 25 10 

 

difference in 

 

     

    

depth is 10 mm 

 

20 38 28 10  

    

as per EN 

 

30 40 29 11 

 

requirement. 

 

     

      

It is observed from the Slump flow test that the filling ability of the SCC decreases with the increase in the 

percentage of replacement of cement by fly ash. In the same way, from the J-ring test, it is observed that the 

passing ability of SCC decreases with the increase in the percentage of replacement of cement by fly ash. This 

may be due to the fly ash used in our project is less finer than cement. But the values obtained are within the 

limits specified by EFNARC. Hence cement can be successfully replaced by fly ash in SCC up to 50%. 

The variations of density with respect to the percentage of replacement of cement by fly ash as given in table 

14. 
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Table 14: Density Variations of SCC 

W/C ratio Fly ash in Mix Density in kg/m
3
 % variation of  

 percentage proportion  density  

      

0.46 0  2425 -  

      

0.46 30  2326 4.08  

  

1:1.75:1.25 

   

0.47 40 2277 6.10  

      

0.49 50  2207 8.98  

      

It is observed that the density of concrete decreases with the increase in the percentage replacement of cement 

by fly ash. This is because of the lower specific gravity of fly ash i.e., lesser than the specific gravity of 

cement. 

The compressive strength was tested for hardened concrete after 7 days, 14 days, 28 days and 56 days of 

curing in water. The variation of compressive strength with respect replacement of Fly ash and the age is 

shown in table 15. 

Table 15: Compressive Strength Test Results 

Sl. Cement in Fly ash W/C Compressive strength in N/mm
2
  

no Kg/m
3
 

  

ratio 

     

In % In Kg/m
3
 7 days 14 days 28 days 56 days 

 

    

          

1. 423.91 0 0 0.46 37.06 40.55 49.05 53.69  

          

2. 289.13 30 123.91 0.46 27.47 30.52 38.41 43.60  

          

3. 242.55 40 161.70 0.47 16.57 19.79 25.64 30.46  

          

4. 193.88 50 193.88 0.49 13.95 17.44 23.54 28.74  

          

Here it is observed that as the percentage of Fly ash increases, compressive strength of the concrete decreases 

to a certain extent. From the table it has been seen that the strength at 7 days decreases as the percentage of 

Fly ash is increased. It is further observed that the 7 day strength obtained is almost 65%-75% of 28 days 

strength of the concrete mix. From the compressive strength test results it is also observed that, there is a 

marginal increase in strength of 28 days when percentage of Fly ash added is between 30%-50%. From the 

above results it can be seen that the compressive strength for individual replacement is increasing from 7 days 

to 28 days but the compressive strength is decreasing from 0% replacement to 50% replacement of fly ash. 

 

CONCLUSIONS 

1. SCC is made from the ingredients, which are same as that used in producing in conventional concrete.  

2. It is seen from the compressive strength test conducted that there is a clear increase in the compressive 

strength of SCC when 50% replacement is considered with time. Hence it could be adopted as effective 
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replacement percentage.  

3. Self-compacting concrete, as well as conventional slump concrete requires proper mix proportion to 

become a durable concrete.  

4. The use of pozzolanic materials, such as Fly ash, will help self-compacting concrete more durable and 

prove to be a good replacement material for cement in concrete, otherwise these are waste products with 

no practical applications and which are costly to dispose off.  

5. There is a considerable improvement in exposed surface (Fair Faced Concrete) and is pollution free with 

respect to sound pollution.  

6. Self-compacting concrete is ideal for concrete parts with complicated shapes and elements with high 

quality visible concrete.  

7. Use of right quality fly ash also results in reduction of water demand for desired slump flow. With the 

reduction of unit water content bleeding and drying shrinkage will also be reduced.  

8. Fly ash is not highly reactive, the heat of hydration can be reduced through replacement of part of the 

cement by fly ash.  

9. Vibrated concrete in congested locations may cause some risk to labor in addition to noise stress. There 

are always doubts about the strength and durability placed in such locations. So it is worthwhile to 

eliminate vibration in practice, if possible.  
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