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Abstract— Generally Portland cement is used as a binding 

material in concrete which liberates large amount of CO2 

while manufacturing. Hence there is an urgent need for 

proper attention and to minimize their impact on the 

sustainability of our living environment. In this study fly ash 

is fully replaced for cement and it is chemically activated 

by a high-alkaline solution. Another Artificial material 

called as Silica sand is used as the fine aggregate instead 

of river sand. Alkaline solution is the mixture of  sodium 

hydroxide (NaOH) and sodium silicate  ( Na2Sio3 ),  which  

is  used  increase  the  binding  property in  concrete between 

the coarse aggregates and fine aggregates  and other 

unreacted materials  in mixture. The strength of the 

geopolymer concrete depends upon the molar raio of the 

alkaline solution. In this study concrete grade of M30 and 

Alkaline solution of sodium hydroxide (NaOH) and sodium 

silicate (Na2Sio3) of molarity 8M and 12M are used. The 

silica sand is replaced as fine aggregate ratios of 25%, 50% 

and 100%. The mechanical properties, Non destructive test 

(NDT) and durability tests are compared between the 8M and 

12M molarity concentrations on 7, 14 and 28days results. 

The specimens are cured for 28 days at ambient room 

temperature.   

Keywords: Geopolymer Concrete, NDT, Portland Land (PC) 

I. INTRODUCTION 

Portland land (PC) creation is under basic survey since 

high measure of carbon dioxide (CO2) gas is discharged to 

the environment. Therefore, attempts to utilise the fly ash to 

replace the Portland cement in concrete and silica sand is 

replaced as fine aggregate instead of river sand are 

gathering momentum. Most of the silica sand produced from 

quartz rock, thus creating a threat to the environment. 

However, geopolymer concrete is a “new” material that 

does not need the presence of Portland cement as a binder, 

because the fly ash. This fly ash can be activated by Sodium 

Hydroxide Solutions to produce the geo polymeric material 

to act itself as binder. 

 
Fig. 1: Silica sand. 

Class F Class C 

The consuming of    harder, 

more established anthracite 

and bituminous coal 

ordinarily creates Class F 

fly fiery debris. 

Fly powder created from the 

consuming of more youthful 

lignite or subbituminous coal, 

notwithstanding having 

pozzolanic properties, 

additionally has some self-

establishing properties. Within 

the sight of water, Class C fly 

fiery debris will solidify and 

pick up quality after some time. 

This fly slag is 

pozzolanic in nature, and 

contains under 10% lime 

(CaO). 

Class C fly fiery remains for 

the most part contains over 

20% lime (CaO). 

The lustrous silica and 

alumina of Class F fly 

fiery remains requires an 

establishing specialist, for 

example, Portland bond, 

quicklime, or hydrated 

lime, with the nearness of 

water to respond and 

deliver cementitious mixes. 

Class C fly cinder does not 

require an activator. Salt and 

sulfate (SO4) substance are by 

and large higher in Class C fly 

fiery debris. 

SiO2 + Al2 O3 + Fe2 O3 

≥ 70% 

SiO2 + Al2 O3 + Fe2 O3 ≥ 

50% 

Table 1: Difference between Class C and Class F 

II. MATERIALS USED 

 
Fig. 2: Fly ash 

 
Fig. 3: Silica Sand 
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Fig. 4: Sodium hydroxide pellets. 

III. MATERIAL TEST 

Type of sand Fineness modulus range 

Fine sand 2.2 – 2.6 

Medium sand 2.6 – 2.9 

Coarse sand 2.9 – 3.2 

Table 2: Limitation of Fine Aggregates 

Sieve size Zone – 1 
Zone – 

2 

Zone – 

3 
Zone - 4 

10mm 100 100 100 100 

4.75mm 90 – 100 
90 – 

100 

90 – 

100 

90 – 

100 

2.36mm 60 – 95 
75 – 

100 

85 – 

100 

95 – 

100 

1.18mm 30 – 70 55 – 90 
75 – 

100 

90 – 

100 

0.6mm 15 – 34 35 – 59 60 – 79 
80 – 

100 

0.3mm 2 – 20 8 – 30 12 – 40 15 – 50 

0.15mm 0 – 10 0 – 10 0 – 10 0 – 15 

Fineness 

modulus 
4.0 – 2.71 

3.37 – 

2.1 

2.78 – 

1.71 

2.25 – 

1.35 

Table 3 : Fineness modulus limit as per IS 383-1970. 

Maximum size of coarse aggregate Fineness modulus range 

20mm 6.0 – 6.9 

40mm 6.9 – 7.5 

75mm 7.5 – 8.0 

150mm 8.0 – 8.5 

Table 4: Limits for Fineness modulus for coarse aggregate. 

IV. RESULTS 

SI.No Description 
Sample 

- 1 

Sample 

- 2 

Sample 

– 3 

1 
Volume of 

sample (V1) ml 
175 179 106 

2 
Silt after 3 hours 

(V2) ml 
5 6 5 

 

3 

Silt content 

percentage 

(%)(V2/V1) x 

100 

2.86 3.35 2.84 

 Average Silt content in % 3.02 

Table 5: Sieve analysis test of fine aggregate 

Compounds (%) Fly Ash 

SiO2 48 

Al2O3 29 

TiO2 0.7 

Fe2O3 2.9 

MnO 0.3 

MgO 0.4 

CaO 0.3 

K2 O 0.2 

Na2 O 0.09 

LOI 0.80 

pH 7.4 

Table 6: Chemical components of fly ash 

V. CONCLUSION 

The detail study of Geopolymer concrete are studied 

completely with the help of reference. Geopolymerisation 

reaction between the sodium hydroxide and sodium 

silicate are studied. The materials of fine aggregate, coarse 

aggregate and fly ash are tested as per Indian codes to find 

the quality of the materials. Physical and chemical properties 

of the materials are studied. Using IS10262-2009 for Mix 

design of M30 Grade concrete. 

The solution of NaOH and Na2SiO3 of 8M and 

12M are preparing the Geopolymer concrete. The tests of 

8M and 12M of geopolymer concrete are prepare using silica 

sand are replacing as fine aggregate the ratios of 25%, 50% 

and 100%. The compressive strength, flexural strength, 

split tensile strength, durability and NDT will testing and 

comparing between the 8M and 12M solutions.The silica 

sand geopolymer concrete will testing at 7, 14 and 28days. 
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