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Abstract— The Mechanical properties of Self Compacting 

Geo polymer Concrete (SCGC) by partial replacement of Fly 

ash with Silica Fume was investigated in this paper. The work 

focused on the concrete mixes with a fixed water-to-

geopolymer solid (W/G's) ratio of 0.33 by mass and a 

constant total binder content of 450 kg/m3. The mass 

fractions of silica fume that replaced fly ash in this research 

were 0wt%, 5wt%, 10wt%, and 15wt%. The workability 

related fresh properties for molarity of 8M, 10M, 12M, and 

14M of SCGC were assessed through slump flow, T50cm 

Slump flow, V-funnel, L-box and U-Box test methods. 

Hardened concrete tests were limited to compressive, 

splitting tensile and flexural strengths, for the age of 7, 14 and 

28 days. After casting the specimens along with steel mould 

were placed in the oven for 48 hours after that the specimen 

are maintained in Ambient curing until the test day. The 

results indicate that the addition of silica fume as a partial 

replacement of fly ash results in the loss of workability; 

nevertheless, the mechanical properties of hardened SCGC 

are significantly improved by incorporating silica fume, 

especially up to 10wt%.Self-compacting geopolymer 

concrete is prepared from source materials of Fly ash and 

Silica Fume mixed with alkali activators such as Sodium 

Hydroxide and sodium silicate. Super Plasticizer is added to 

achieve the properties of self-compacting concrete. 
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I. INTRODUCTION 

Concrete is one of the mostly used construction materials in 

the world. Portland cement (PC) an essential constituent of 

concrete is not an environment friendly material. The 

production of PC not only depletes significant amount of 

natural resources but also liberates a considerable amount of 

Carbon dioxide (CO2) and other greenhouse gases. 

The geopolymer concrete (GC) is one of the 

revolutionary developments related to novel materials result 

in low-cost and environment friendly material as an 

alternative to the PC. GC is an innovative binder material and 

is produced by totally replacing the PC. It is demonstrated 

that the geopolymer cement generates 5–6times less CO2than 

PC. Most of the research study was focused on geopolymer 

synthesis from met kaolin, however since last decade; much 

research has been done on Fly Ash (FA) to investigate the 

possibilities of using coal FA as an alumina-silicate source 

material. Fly ash which is rich in silica and alumina has full 

potential to use as one of the source material for Geopolymer 

binder. Placement of the fresh concrete requires skilled 

operatives to ensure adequate compaction to attain the full 

strength and durability of the hardened concrete. One of the 

solutions to overcome these difficulties is the employment of 

Self- Compacting Concrete (SCC).SCC is a type of concrete 

which can be compressed into every corner of the form work 

purely by means of its own weight. SCC has been developed 

to ensure adequate compaction and facilitate placement of 

concrete in structures with congested reinforcement and in 

restricted areas. SCC offers many benefits and advantages 

over traditional concrete. Self-compacting Geopolymer 

concrete (SCGC) is relatively new concept and can be 

regarded as the most revolutionary development in the field 

of concrete technology. SCGC is an innovative type of 

concrete that does not require vibration for placing it and can 

be produced by complete elimination of ordinary Portland 

cement. 

A. Self-Compacting Geopolymer Concrete 

Fareed Ahmed Memon, et.al (2013) has reported that addition 

of sodium hydroxide from 8 M to 14 M in various SCGC 

mixes  resulted  in only 3.6%  reduction  in  the  slump  flow 

the concentration of  sodium  hydroxide  was  found  to  have  

a  substantial  effect  on  the  compressive strength of SCGC. 

A higher  concentration  of  sodium  hydroxide  in  the  

aqueous  phase  proved  to  have  positive effect on 

geopolymerization process and  this  is  revealed by  the  

improved  compressive  strength  of  SCGC.  However,  an  

increase  in  the  sodium  hydroxide concentrations  beyond  

12  M  caused  negative  effect  on  the  geopolymerization 

resulting in lower the compressive strength of SCGC. 

Compressive strength of SCGC increased as sodium 

hydroxide concentration in the aqueous phase was increased 

from 8 to 12 M. Further  increase  of  sodium  hydroxide  

concentration  decreased  the  compressive  strength  of  

SCGC. 

B. Geopolymer Concrete 

Subhash.V,et.al(2013)studied that the flow of geopolymer 

concrete increases with increase in water-to-geopolymer 

binder ratio by changing quantity of water. Geopolymer 

concrete is more and more viscous with decrease in water-to-

geopolymer binder ratio due to reduction in quantity of water 

in the mixes. The compressive strength of geopolymer 

concrete is inversely proportional to the water-to-geopolymer 

binder ratio similar to that of water-to-cement ratio in cement 

concrete. Suitable range of water-to-geopolymer binder ratio 

is in the range of 0.25 to 0.35. Higher ratio gives segregated 

mix while lower ratio gives viscous and dry mix. 

II. GENERAL INSTRUCTIONS 

1) Preparation Of Self Compacting Geopolymer Concrete 

A. Sodium Hydroxide 

Sodium hydroxide pellets are taken and dissolved in water at 

various molar concentrations. Sodium hydroxide should be 

prepared 24 hours prior to use and also if it exceeds 36 hours 

it terminate to semi solid liquid state. So the prepared solution 

should be used within this time. To find the best molarities 

various calculations where done.The mass of NaOH solids in 
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solution varied depending on the concentration of the solution 

expressed in terms of molarities (M). 

NaOH % of solids % of water 

8M 26.23 73.77 

10M 31.37 68.63 

12M 36.09 63.91 

14M 40.43 59.57 

Table 4.1: Mass of NaOHperLitre 

1) Molarity Calculation 

The solids must be dissolved in water to make a solution with 

the required concentration. The concentration of sodium 

hydroxide solution can vary in different molar. The mass of 

NaOH solids in a solution varies depending on the 

concentration of the solution. For instance, NaOH solution 

with a concentration of 12 molar consist of 12x40 =480grams 

of NaOH solids per litre of water, were 40 is the molecular 

weight of NaOH. This amount of NaOH solids in one litre of 

water will be large of its volume so it reduces to 361 grams 

for 12 molar concentrations. 

Molarities Solids(grams) 

8M 262 

10M 314 

12M 361 

14M 404 

Table 4.2: Solids for Various Molarities 

B. Alkaline Liquid 

Generally alkaline liquids are prepared by mixing of sodium 

hydroxide solution and sodium silicate at the room 

temperature. When the solutions mixed together the both 

solution start to react with each other there polymerization 

process take place. It liberate large amount of heat so it is 

recommended to leave it for about 20 minutes thus the 

alkaline liquid is ready as binding agent. 

C. Preparation, Casting, & Curing of Specimens 

For the preparation of fresh SCGC, fine powdered materials 

(i.e., fly ash, silica fume, and manufactured sand) were firstly 

placed in a mixer machine. Afterwards, the coarse aggregate 

in SSD condition was added to the mixer and mixed 

mechanically for about2.5 min. At the end of this dry mixing, 

a well-shacked premixed liquid mixture, containing of 

alkaline solution, super plasticizer, and extra water, was 

added in the mixer. This duration was not less than 3 min. The 

freshly prepared concrete mix was then assessed for the 

essential workability tests required for characterizing SCC. 

Slump flow, T50cm slump flow, V-funnel, U-box and L-box 

tests were performed for this purpose. The test of hardened 

properties for specimens was prepared. 

III. WORKABILITY TESTS & RESULTS OF SCGC 

A. Fresh Properties & Test Results 

Fresh properties of SCGC mixes were evaluated based on 

three key characteristics of SCC: filling ability, passing 

ability, and resistance to segregation. These characteristics 

were measured using, 

 Slump Flow Test 

 T50cm Slump Flow 

 V-Funnel Test 

 L-Box Test 

 U-Box Test 

B. Slump Flow Test 

This is the simplest and most widely used test method for 

evaluating the flow ability of SCC. The basic equipment used 

in this test is the traditional slump cone used for the 

conventional slump test; however, the concrete placed into 

the mould is not compacted. To perform the test, slump cone 

is placed on a rigid and non-absorbent leveled plate and filled 

with concrete without tamping. After filling the slump cone, 

it is raised vertically and concrete is allowed to flow out 

freely. The diameter of the concrete in two perpendicular 

directions is measured and the average of the two measured 

diameters is recorded. There is no standardized threshold 

limit for the slump flow value, however, according to 

EFNARC guidelines, SCC is assumed of having a good 

filling ability and consistency if the diameter of the spread is 

in the range of650mm. 

 
Fig. 6.1: Slump Flow Test 

 
Fig. 6.2: Slump Flow Test for Various Molarity 

 
Fig. 6.3: Slump Flow Test for Various Mix 
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a) Discussion 

In Fig 6.2 slump flow for various Molarity is maximum for 

8M and decreases gradually as the Molarity increases. It is 

due to concentration of NaOH. In Fig 6.3 slump flow for 

various mix is maximum for M1 and decrease for other mixes 

as the partial replacement of fly ash by silica fume increases. 

2) T50cm Slump Flow 

At the time of performing the slump flow test, the time taken 

in seconds from the instant the cone is lifted to the instant 

when the flow spread reaches a 500 mm circle is recorded. 

This flow time, termed as T50 cm Slump flow, gives an 

indication of the relative viscosity and provides a relative 

assessment of the unconfined flow rate of the SCC mixture. 

A lower time indicates greater flow ability. It should be not 

that T50 times will be less meaningful and perhaps more 

variable for highly viscous mixes than for mixes with 

lowerT50 times. This test generally not be used as a factor in 

rejection of a batch of SCC but rather as a quality control 

diagnostic test. 

 
Fig. 6.4: T50cmSlump Flow Test 

 
Fig. 6.6: T50cm Slump Flow Testfor Various Mix 

a) Discussion 

In Fig 6.5T50cm Slump Flow for various Molarity requires less 

time to flow for 8M and increases gradually as the Molarity 

increases. It is due to concentration of NaOH. In Fig 6.6T50cm 

Slump Flow for various mixes requires less time to flow for 

M1 and increase for other mixes as the partial replacement of 

fly ash by silica fume increases. 

3) V-Funnel Test 

This test is primarily used to measure the filling ability (flow 

ability) of SCC and can also be used to evaluate segregation 

resistance. The equipment used in this test consists of a V-

shaped funnel. To perform this test about 12 liters (0.4 ft3) of 

concrete is needed and the funnel is completely filled with 

concrete without tapping or compaction. After filling the 

funnel with concrete, the trap door at the bottom is opened 

and concrete is allowed to flow out under gravity and the time 

taken for the concrete to flow out completely through the 

orifice is recorded as the V-funnel flow time. The funnel 

flowtime between 6-12 seconds is generally desired for SCC. 

 
Fig. 6.7: V-Funnel Test 

 
Fig. 6.8: V-Funnel Tests for Various Molarity 

 
Fig. 6.9: V-Funnel Tests for Various Mix 

a) Discussion 

In Fig 6.8V-Funnel Test for various Molarity requires less 

time to flow for 8M and increases gradually as the Molarity 

increases. It is due to concentration of NaOH. In Fig 6.9V-

Funnel Test for various mixes requires less time to flow for 

M1 and increase for other mixes as the partial replacement of 

fly ash by silica fume increases. 
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4) L-Box Test 

The L-box test is used to assess the filling and passing ability 

of SCC. The L-box test apparatus consists of a rectangular-

section box in the shape of L, with vertical and horizontal 

section, separated by a moveable gate, in front of which 

vertical reinforcement bars are fitted. The L-box is set on a 

firm leveled ground and inside surfaces of the box are 

moistened. After that, the vertical section of the box is filled 

with concrete and the gate separating the vertical and 

horizontal compartments is then lifted and the concrete is 

allowed to flow through closely spaced reinforcing bars at the 

bottom into the horizontal section of the box. 

When the concrete stops flowing, the heights of the 

concrete at the end of the horizontal section (H2) and in the 

vertical section(H1) are measured to compute the blocking 

ratio (H2/H1).Various sources set different values for 

H2/H1ratiobut values between 0.8-1.0 are generally 

recommended. 

Figure 6.10 L-Box Test 

 
Fig. 6.11: L- Box Tests for Various Molarity 

a) Discussion 

In Fig 6.11L- Box Tests the ratio of H2/H1for various 

molarity is maximum for 8M, 10M and 12M and decreases 

for other molarity.. It is due to concentration of NaOH. In Fig 

6.12L- Box Tests for various mixes is maximum for M1 and 

decrease gradually for other mixes as the partial replacement 

of fly ash by silica fume increases. 

5) U-Box Test 

The U-Box test is used to measure the filling ability of self-

compacting concrete. The apparatus consists of a vessel that 

is divided by a middle wall into two compartments. An 

opening with a sliding gate is fitted between the two sections. 

Reinforcing bars with nominal diameters of 13mm are 

installed at the gate with centre-to-centre spacing of 50 mm. 

This creates a clear spacing of 35 mm between the bars. Set 

the apparatus level on 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 

one compartment 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 other compartment. 

After the concrete has come to rest, measure the 

height of the concrete in the compartment that has been filled, 

in two places and calculate the mean (H1). Measure also the 

height in the other compartment (H2). The whole test has to 

be performed within 5 minutes. The difference between (H2-

H1) ranges from 0-30mm gives the good passing ability. 

 
Fig. 6.13: U- Box Test 

IV. CONCLUSION 

Self-compacting Geopolymer concrete (SCGC) is relatively 

new concept and can be regarded as the most revolutionary 

development in the field of concrete technology. SCGC is an 

innovative type of concrete that does not require vibration for 

placing it and can be produced by complete elimination of 

cement. SCGC can be used in prefabricated structural 

elements. 

ACKNOWLEDGEMENT 

 With pleasure, we  express  our  profound  gratitude  and  

thanks to our most respected  Chairman  

Mr.CA.N.V.NATARAJAN.B.Com.,FCA.and 

Correspondent  

 Mrs.N.MANGAIARKARASI.Msc., for giving 

motivation and providing all necessary facility for the 

successful completion of this project. It is our privilege 

to thank our beloved Director Admin and Senior 

Principal  

 Dr.K.K.RAMASAMY,M.E.,Ph.D., for the moral 

support in bringing out this project successfully. We 

would Like to express our sincere thanks to our Principal 

 Dr.M.PREMKUMAR.M.E.,Ph.D., who has invented his 

atmost efforts for the completion of this project.We  

would like to take this opportunity to express our deep 

sense of gratitude and thanks to our Dynamic Dean 

 Dr.S.SUKUMAR.M.E.,Ph.D., Department  of Civil 

Engineering  for his constant support and suggestionsWe 

would like to express our sincere thanks to our Project 

advisor   

 Dr.G.S.VENKATASUBRAMANI.M.E.,Ph.D., for his 

guidance and advice We express our Heartiest thanks and 

gratitude to our Associate  Professor and   Head of the  

 Department 

Mrs.J.UMANAMBI.M.E.,M.I.E.,M.I.S.T.E., for her 

encouragement, suggestions  during  the   project  

workWe express our gratitude to our guide Ms. 

S.SHARMILAEVI., M.E., 



Behavior of Self Compaction Geopolymer Concrete using Silica Fume with Various Replacement of R-Sand & M-Sand 

 (IJSRD/Vol. 6/Issue 01/2018/585) 

 

 All rights reserved by www.ijsrd.com 2109 

REFERENCES 

ASTM C 494, (1992), “Standard Specifications for Chemical 

Admixtures for Concrete” Annual Book of American Society 

for Testing Materials Standards. 

[1] BIS: 383-1970 (reaffirmed 1997) “Specification for 

Coarse and Fine Aggregates from Natural Source for 

Concrete”, New Delhi. 

[2] Biswall. K. C and Suresh Chandra Sadangi (2011) 

“Effect of super plasticizer and silica fume on properties 

of concrete” Paper presented in the Conference on Effect 

of Super plasticizer and Silica Fume on Properties of 

Concrete, Trivandrum, Kerala. 

[3] EFNARC, European guidelines for Self-compacting 

Concrete, Specification, Production and Use. (May-

2005). 

[4] Fareed Ahmed Memon, MuhdFadhilNuruddin, Samuel 

Demie and NasirShafiq (2011) “Effect of Curing 

Conditions on Strength of Fly ash-based Self-

Compacting Geopolymer Concrete” International 

Journal of Civil and Environmental Engineering. pp 183-

186. 

[5] Fareed Ahmed Memon,MuhdFadhilNuruddin, 

Sadaqatullah Khan, NasirShafiq and 

TehminaAyub(2013) “ Effect Of Sodium Hydroxide 

Concentration On Fresh Properties And Compressive 

Strength Of  Self-Compacting Geopolymer Concrete” 

Journal of Engineering Science and Technology Vol. 8, 

pp 44 – 56. 

[6] Fareed Ahmed. M, Samuel Demie,FadhilNuruddin. M 

and NasirShafiq (2011) “Compressive Strength and 

Workability Characteristics of Low-Calcium Fly ash-

based Self-Compacting Geopolymer Concrete” World 

Academy of Science, Engineering and Technology 50 pp 

8-14. 

[7] Gambhir M.L (2005) ‘Concrete Technology’ Tata 

McGraw Hill Publications Co.Ltd. New Delhi. 

[8] Hardjito. D and Rangan. B.V(2005) Introducing Fly 

Ash-Based Geopolymer Concrete: Manufacture and 

Engineering Properties” Curtin University of 

Technology, Australia. 

[9] Ilangovan. R (2008) “strength and durability properties 

of concrete containing quarry dust as fine aggregate” 

ARPN Journal of Engineering and Applied Science, vol 

3, NO 5, pp 20-26. 

[10] IS 3812: 1981 Specification for fly ash for use as 

pozzolana and admixture Bureau of Indian Standards, 

New Delhi, India. 

[11] IS 383: 1970 “Specification for coarse and fine 

aggregates from natural sources for concrete” Bureau of 

Indian Standards, New Delhi, India. 

[12] MohdAzreenandNasirShafiq(2011) “Mix Design and 

Compressive Strength of Geopolymer Concrete 

containing Blended Ash from Agro-Industrial Wastes” 

Advanced Materials Research Vol. 339, pp 452-457. 

[13] MohdMustafa.A (2010) “Review on fly ash-based 

geopolymer concrete without Portland cement” Journal 

of Engineering and Technology Research vol 3(1) pp 1-

4.  


