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Abstract 

 

Basically, the term self-compacting was achieved by the use of admixtures in concrete. Admixtures introduced for SCC is different 

from other admixtures. Many manufactures produces varieties of SCC admixtures. In this project, Structuro 203 (Manufactured 

by Foscroc chemicals, India) was used as a superplasticiser. The main scope behind this study was to find out the behaviour of 

partial replacement of rice husk 10%, 20% & 30% by fine aggregate under the various SCC test (Slump flow test, L box test and 

V-funnel test) and hardened concrete test (Compression test and split tensile strength) using structuro 203 superplasticiser only. 

For all SCC test (Slump flow test, L box test and V-funnel test), 0% rice husk proportions gives better results when compared to 

other proportions of rice husk (10% and 20% and 30%). Similarly for Hardened concrete test on SCC after 28 days of curing, 0% 

rice husk proportions gives better strength when compared to other proportions of rice husk (10% and 20% and 30%). The dosage 

of structure 203 adopted was 4mL per kg of cement. This dosage was found on trial and error method in fresh concrete test of SCC. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

The SCC is an engineered material consisting of cement, aggregate, water and chemical admixtures (Viscosity modifying agents 

and superplasticisers) 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 segregation and 

possibility under dense reinforcement conditions. Examples for Viscosity Modifying Agents used for SCC are Glenium Stream 2, 

Rheomac VMA 358.  

Example for superplasticiser used for SCC is Structuro 203. SCC is a kind of concrete that can flow through and fill gaps of 

reinforcement and corners of moulds without any need for vibrations and compacting during the pouring process. The SCC concept 

can be stated as the concrete that meets the special performance and uniformity requirements that cannot always be obtained by 

using conventional concrete under normal mixing procedure and curing practices.  

Basically, to achieve SCC, we have to use low water cement ratio and high superplasticiser dosage. Very high superplasticiser 

dosage may leads to bleeding and also segregation of concrete materials. Hence, to avoid very high dosage of superplasticiser, we 

have to follow manufacture guidelines. 

Since, Rice husk ash can be used as a partial replacement of cement, in this project, only Rice husk (not rice husk ash) was 

added to concrete as a partial replacement of fine aggregate. Since rice husk is cheap material and it is also non-hazardous material. 

Hence, rice husk was collected in locally available rice mill and it is stored away from direct sun-light.  
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II. STRUCTURO 203 SUPERPLASTICISER 

It is a high performance concrete superplasticiser based on polycarboxylic technology. Structuro 203 is a high performance 

superplasticiser intended for applications where increased early and ultimate compressive strengths are required. 

Structuro 203 combines the properties of water reduction and workability retention. It allows the production of high performance 

concrete and/or concrete with high workability. Structuro 203 is a particularly strong superplasticiser allowing Production of 

consistent concrete properties around the required dosage. The optimum dosage of Structuro 203 to meet specific requirements 

should always be determined by trials using the materials and conditions that will be experienced in use. The normal dosage range 

is between 0.5 to 3.0 liters/100 kg of cementitious material. Dosage outside the normal range quoted above can be used to meet 

particular mix requirements. In this case of over dosage, we have to contact fosroc manufacture to ensure safety and also over 

dosage may cause delay in the setting time. Structuro 203 has a minimum shelf life of 24 months provided the temperature is kept 

within the range of 20°C to 50° C. 

Structuro 203 does not fall into the hazardous classifications of current regulations. However, it should not be swallowed or 

allowed to come into contact with skin and eyes. Structuro 203 is water based and non- flammable. 

 Properties of structuro 203 as per Fosroc Manufactured 

The properties of structuro 203 as per fosroc manufacture are shown in table 1. 
Table - 1 

Properties of structuro 203 superplasticiser 

Appearance Light yellow coloured liquid 

pH 6.5 

Specific Gravity 1.077 

Volumetric Mass @ 20°C 1.09 kg/liter 

Chloride Content < 0.1% 

Alkali Content Typically less than 1.5 g Na2O equivalent / liter of admixture 

III. EXPERIMENTAL STUDY 

 Materials Used 

All materials used in this study are commonly available. 

Cement – OPC of 43 grade 

Sand – 4.75 mm maximum size 

Coarse aggregate – Angular (Only 20 mm size) 

Replacement material – Rice husk as a partial replacement of 

Fine Aggregate Superplasticiser – Structuro 203. 

 Before introducing rice husk into the concrete, rice husk was immersed in huge quantity of water for a period of 24 hours. 

Since collected rice husk was very dry, this immersion of rice husk in huge quantity of water may helps for quick setting with 

cement, sand and superplasticiser. This procedure was adopted throughout this project for each trial under both SCC test and 

hardened concrete test 

     
Fig. 1: Rice Husk                    Fig. 2: Structuro 203 

 Testing of Materials 

Various tests were conducted on the collected materials to determine their properties and suitability for this project. The testing of 

materials was done according to IS specifications. The test value of various materials is shown in the table 2. 
Table - 2 

Test value of various materials 

S. No Name of the test Value of the test 

1 Fineness test of cement as per IS 4031 part 3 10% 

2 Specific gravity of cement as per IS 2386 (Part II) 3.01 

3 Sieve Analysis of Fine Aggregate (Fineness modulus in %) as per IS-2386: 1963(Part-3) 3.47% 

4 Specific Gravity of Fine Aggregate as per IS-2386: 1963(Part-3) 2.64 
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5 Specific gravity of Rice husk 1.05 

6 Sieve Analysis of Rice husk (Fineness modulus in %) 5.35% 

7 Water Absorption test on Coarse Aggregate as per IS-2386: 1963(Part-1) 17.5 % 

8 Impact test on Coarse Aggregate as per IS-2386: 1963(Part-1) 26.67% 

9 Specific Gravity of Coarse Aggregate as per IS-2386: 1963(Part-1) 2.21 

10 Sieve analysis of coarse aggregate (Fineness modulus in %) 7.5% 

 Mix Design 

In this project, the mix design used was M40. In the design of self-compacting mix, the relative proportions of the key components 

may be considered by volume rather than by mass, the mix design is obtained by trial and error method from fresh concrete test. 

Hence, concrete proportions arrived for M40 grade is given in table 3.  
Table - 3 

Concrete proportions of M40 grade 

Cement 

(kg/m3) 

Fine 

Aggregate 

(kg/m3) 

Coarse 

Aggregate 

(kg/m3) 

Water 

(litres/m3) 

Water/cement 

ratio 

350 863.06 919.53 140 0.4 

Hence, Final mix ratio obtained for M40 grade as per IS 10262:2009 is 1:2.465:2.627 for SCC using structuro 203 

superplasticiser. 

The dosage of structuro 203 superplasticiser needed to achieve SCC criteria is mentioned in fresh concrete test of SCC 

 Fresh Concrete Test of SCC 

The concrete composition achieved by IS 10262:2009 is now used and the dosage of structuro 203 superplasticiser is finally 

selected on the basis of trial and error test on the following fresh concrete tests of SCC: 

 Slump flow test, 

 V – funnel test and 

 L – Box test. 

The table 4 represents typical acceptance criteria for SCC test as per Standards: 
Table - 4 

Typical acceptance criteria for SCC test 

S. No 
Test 

Method 
Property Unit 

Typical Ranges 

of Values 

    Min Max 

1 Slump flow Filling ability mm 600 800 

2 V-Funnel Filling ability Sec 8 12 

3 L-box Passing ability h2/h1 0.8 1.0 

 Slump Flow Test 

This test was done on a square plate of maximum size 1000mm×1000mm or on a flat ground by measuring the required dimensions 

with sketch or chalk piece. This test was done inside a campus by measuring the required dimensions with chalk piece as shown 

in figure 3. After completing the needed dimensions, keep the slump cone (having base diameter of 200 mm, top diameter 100mm 

and height 300 mm) on centre place of marked dimensions (which is indicated by a circle mark inside the square). Then fill the 

concrete upto the top level of slump cone without compaction. Strike off the top of the concrete level in the slump cone with help 

of trowel. Remove the surplus concrete lying on the base plate. Then raise the slump cone vertically so that the concrete are allowed 

to flow down freely. Measure the final diameter of the concrete in two perpendicular directions with the help of tape and calculate 

the average of the two diameters (Note down the value in mm). The average of two diameters gives the slump flow value as shown 

in figure 4 and figure 5.  

a) Structuro 203 Superplasticiser Dosage 

Since SCC must have minimum slump flow value of 600mm, based on trial and error method, the dosage of structure 203 

superplasticiser was found to be 4mL per kg of cement. This same dosage was used for the rice husk proportions 0%, 10%, 20% 

and 30%.  

The slump cone test in SCC is an empirical test that measures the workability of fresh concrete. More specifically, it measures 

the consistency of the concrete for each trial. This test is performed to check the consistency of freshly made concrete. Consistency 

is a term very closely related to workability. It refers to the ease with which the concrete flows. Table 5 shows the slump flow 

value of various rice husk proportions 
Table - 5 

Values of SCC for Slump flow test 

S. No Rice Husk Proportions Slump Flow Value (mm) 

1 0% 648 

2 10% 540 

3 20% 478 

4 30% 402 
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Fig. 3: Marking the dimensions 

 
Fig. 4: Measuring the slump flow diameter in one side 

 
Fig. 5: Measuring the slump flow diameter in other side 

 L-Box Test 

In L-box test, the passing ability of concrete is checked by considering the L-box ratio (h2/h1). Self-Compacting Concrete need to 

attain the L-box ratio (h2/h1) range from 0.8 to 1.0.  

L-box test is shown in figure 6. This test was done inside a campus. Before starting this L box test, gate is closed and then only 

new fresh concrete is filled in the vertical section of L box upto the top level. Excess fresh concrete in top level of vertical section 

should be struck off with help of trowel. Then the gate is lifted to let the fresh concrete to flow into the horizontal section of L-

box. The height of the concrete at the end of horizontal section represents h2 (mm) and at the vertical section represents h1 (mm). 

The ratio h2/h1 represents blocking ratio. Table 6 shows the values of L-Box test for various rice husk proportions. 

 
Fig. 6: L-Box test 

Table - 6 

Values of SCC for L-Box test 

S. No Rice Husk Proportions L-Box test values 

1 0% 0.94 

2 10% 0.72 

3 20% 0.64 

4 30% 0.52 

 V – Funnel Test 

V-Funnel equipment consists of a V-shaped funnel as shown in Figure 7.  

In this test, Stop watch is needed for noting down the time taken by the fresh concrete at the stage of opening the trap door and 

complete emptying the V-funnel. 

In V-funnel test, the flowability (filling ability) of concrete is checked by considering flow time of concrete mix (trial mix) in 

seconds. Self-Compacting Concrete must attain the V-funnel flow time range from 8 sec to 12 sec. 
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This test was done inside a campus. Place the V-Funnel on a flat ground. Before starting the V-funnel test, wipe inside the V-

funnel equipment by a dry cloth. Keep the trap door closed and keep the bucket or large square plate underneath (below the V-

funnel equipment). Ensure that before filling fresh concrete, there should be no water or old concrete materials present in V-funnel 

equipment. Then fill the fresh concrete in top of the V-funnel equipment by keeping the trap door closed. Excess fresh concrete in 

top level of V-funnel should be struck off with the help of trowel. Then the trap door is opened within 10 to 15 seconds of filling 

the fresh concrete. V-Funnel time is the time (in seconds) measured from opening the trap door and complete emptying the funnel. 

Table 7 shows the V-funnel test flow time for various proportions of rice husk. 
Table - 7 

Values of SCC for V-Funnel test 

S. No Rice Husk Proportions Values of V-Funnel test (Seconds) 

1 0% 9.04 

2 10% 12.24 

3 20% 13.5 

4 30% 14.8 

 

 
Fig. 7: V-Funnel Test 

 Hardened Concrete Test on SCC 

Concrete cube moulds of size 150mm × 150mm × 150 mm and concrete cylinder moulds of size 300mm height and 150mm 

diameter, to be used are cleaned properly with dry cloth and oil was applied before filling the concrete. Ensure that concrete is to 

filled in concrete cubes and concrete cylinder without compaction. The amount of cement, fine aggregate, coarse aggregate were 

measured based on their weight and then they were mixed on water tight platform under standard condition with structuro 203 

superplasticiser dosage as found in fresh concrete test on SCC.  

This structuro 203 superplasticiser dosage should not be poured directly into the concrete and this structuro 203 superplasticiser 

dosage as found in fresh concrete test must be mixed with water and then only it is introduced into the concrete for both in Concrete 

cube moulds and concrete cylinder moulds. Figure 8a & 8b shows the concrete cubes specimens of SCC 

 Compressive Strength Test on SCC Cubes 

The fresh concrete is filled in the concrete cube moulds of size 15cm×15cm×15cm without compaction and should be kept 

undisturbed for 24 hours and also it should be kept away from sunlight. Totally 3 concrete cubes of 15cm× 15cm ×15 cm was 

made without compaction for each trial mix and it is cured and tested after 28 days. The naming of concrete cubes, sample ID and 

compressive strength (N/mm2) value are shown in Table 8.  Figure 9 shows the experimental setup for testing of concrete cube in 

compression testing machine. The compression test of SCC cubes was test in compression testing machine having capacity of 

2000KN.The compressive strength of the specimen is expressed as, 

Compressive strength (N/mm2) = (Load at failure) / Area of cube. 

                   
Fig. 8(a): Casting of SCC cubes        Fig. 8(b): Casting of SCC cubes 

Table - 8 

Compressive Strength Test results of SCC cubes after 28 Days Curing 

S. No Naming of concrete cubes Sample    ID Load at failure in (KN) 
Average compressive strength 

for 3 cubes (N/mm2) 

1 

Control Cube 

(0% Rice 

Husk) 

TT1 

1118 

49.28 1116 

1112 
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2 10% Rice Husk TT2 

1016 

44.81 1008 

1003 

3 20% Rice Husk TT3 

894 

39.40 886 

880 

4 30% Rice Husk TT4 

764 

33.65 758 

750 

 

 
Fig. 9: Test setup for testing of SCC Cubes 

 
Fig. 10: Chart for Compressive Strength of SCC cubes after 28 Days curing 

 Split Tensile Strength Test on SCC Cylinders 

The fresh concrete is filled in the concrete cylinders moulds having 150mm in diameter and 300mm in height without compaction 

and should be kept undisturbed for 24 hours and also it should be kept away from sunlight. Totally 3 concrete cylinders having 

150mm in diameter and 300mm in height was made without compaction for each trial mix and it is cured and tested after 28 days. 

The naming of concrete cylinders, sample ID and tensile strength (N/mm2) value are shown in Table 9.  Figure 11 shows the 

experimental setup for testing of concrete cylinders in testing machine. The split strength of cylinder can be calculated by the 

formula  
Table - 9 

Tensile Strength Test results of SCC cubes after 28 Days 

S. No 
Naming of concrete 

cylinders 

Sample    

ID 

Load at failure 

in (KN) 

Tensile strength of each 

cylinders (N/mm2) 

Average Tensile strength 

for 3 cylinders (N/mm2) 

1 

Control Cylinder 

(0% Rice 

Husk) 

TY1 

282 3.99 

3.96 280 3.96 

278 3.93 

2 10% Rice Husk TY2 

254 3.59 

3.55 251 3.55 

249 3.52 

3 20% Rice Husk TY3 214 3.02 2.98 
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211 2.98 

208 2.94 

4 30% Rice husk TY4 

158 2.23 

2.19 155 2.19 

152 2.15 

 

 
Fig. 11: Experimental setup for testing of SCC Cylinders 

 
Fig. 12: Chart for Tensile Strength of SCC cylinders after 28 Days curing 

IV. CONCLUSION 

Based on the experimental study of SCC, following conclusions were drawn: 

1) The experimental results of all the control cubes and control cylinders were compared with rice husk proportions (10%, 20% 

and 30%) as a partial replacement of fine aggregate  

2) The fresh concrete test (Slump flow test, L-Box test and V-funnel test) of SCC gives favourable results for M40 grade mix 

proportion only for 0% rice husk proportions only. 

3) SCC conditions for all test is not achieved for 10% and 20% and 30% rice husk proportions as a partial replacement of fine 

aggregate. 

4) The compressive strength for control cubes (0% rice husk proportions) has highest compressive strength 49.28 N/mm2 when 

compared to other proportions of rice husk proportions (10%, 20% and 30%). 

5) Compressive strength for 10% rice husk proportions (TT2) decreased by 9.07% when compared with control cube (0% rice 

husk proportions).  

6) Compressive strength for 20% rice husk proportions (TT3) decreased by 20.04% when compared with control cube (0% rice 

husk proportions).  

7) Compressive strength for 30% rice husk proportions (TT4) decreased by 31.71% when compared with control cube (0% rice 

husk proportions).  

8) The tensile strength for control cylinders (0% rice husk proportions) has highest tensile strength 3.96 N/mm2 when compared 

to other proportions of rice husk proportions (10%, 20% and 30%). 
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9) The tensile strength for 10% rice husk proportions (TY2) decreased by 10.35% when compared with control cylinder (0% rice 

husk proportions).  

10) The tensile strength for 20% rice husk proportions (TY3) decreased by 24.74% when compared with control cylinder (0% rice 

husk proportions).  

11) The tensile strength for 30% rice husk proportions (TY4) decreased by 44.69% when compared with control cylinder (0% rice 

husk proportions).  

12) Hence, use of rice husk as a partial replacement of fine aggregate gives unfavourable results under both test of SCC (fresh 

concrete test and hardened concrete test of SCC). 
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