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Abstract: 

Construction is going on everywhere due to this the demand for cement is increased. By taking that into consideration we are 

using fly ash as a binding material fo r concrete along with alkaline solutions, which is named as “Geo polymer Concrete”. As a 

result of this we can reduce demand for cement and also decrease the emissions of pollutants into the atmosphere which are 

releasing by cement industries . In this paper we study the different properties of geo-polymer concrete with replacement  of 

manufactured sand and the effect of parameters on adding different molarity of geo -polymer solution. Fly ash collected from 

Mettur Thermal Power station was used as the source material to make geopolymer con crete. In this investigation, a combinat ion 

of sodium hydroxide solution and sodium silicate solution as shown in was used as alkaline activators for Geo -polymerizat ion. . 

To prepare sodium hydroxide solution of 5,10 Molarity (5 x 40), (10 x 40)  200 g,400g of sodium hydroxide pellets are d issolved 

in one liter of water each. The mass of NaOH solids in the solution varies depending on the concentration requirement. The 

prepared NaOH solution was added with Na2SiO3 solution according to the mix, 24 h rs before casting. 

 

Keywords: Geopolymer concrete, Compressive strength, Split tensile strength, Workability. 

 

I. INTRODUCTION 

 

Concreting is very important in construction activities all over 

the world. Binding material is necessary for concrete. 

Generally cement is used as binding material in all concrete 

applications. Construction is going on everywhere due to  this 

the demand for cement is increased. To overcome this, fly ash 

has been introduced in place of cement. Manufacture of 

cement in cement industries emits large amount of pollutants 

which cause environmental pollution. During at the time of 

production of cement, carbon dioxide is released into 

atmosphere. One ton production of cement approximately  

release one ton of CO2 into the atmosphere. By  taking that into 

consideration we are using fly  ash as a binding material for 

concrete along with alkaline solutions, which is named as “Geo  

polymer Concrete”. As a result of this we can reduce demand 

for cement and also decrease the emissions of pollutants into 

the atmosphere which are releasing by cement industries. That 

to fly  ash is a by- product of which is obtained from thermal 

power plant, and it  is also the most abundant industrial waste 

in the environment. The use of Geo-po lymer concrete 

significantly decreases CO2 emission and reduces 

environmental pollut ion. Utilizat ion of natural river sand is 

increasing day by day with an increasing of construction 

activities. It is becoming a scarce material now a day. It is the 

second major component in the concrete mix. Since it is a  

natural product; it has organic and inorganic matter. Organic 

matter if present in sand creates void cracks after setting of 

concrete which intern the strength of material get decrease and 

the permeability of concrete is also a matter if we use such 

sand. There were many issues rising on ext raction of natural 

sand like decrease of underground water table which impacts 

on agriculture, effect on aquatic life, erosion of river banks and 

loss of water holding capacity are the problem SSassociated 

with natural sand extraction. To overcome all these causes 

synthetic man made sand called manufacture sand can also be 

used in p lace of course aggregates and fine aggregates. The 

term ‘Geo -polymer’ was mainly discovered by Chelokovski in  

1950 and then called Geo-polymer by French professor 

Davidovits in 1978. It  is characterized by network of inorganic 

molecules. It is nothing but a Geo-po lymer concrete does not 

utilize Port land cement as a binder. Hence the b inding 

properties are mainly p roduced by the chemical reaction of an  

alkaline liquid with a silica and alumina rich materials such as 

Fly ash, GGBFS and Rice husk ash etc. 

 

A.OBJECTIVES  

 

The main objective of this investigation was 

  To Study the flexural behavior of polypropylene fibre 

reinforced concrete.  

 To compare Compressive strength of the Cube and 

the Split tensile strength of the Cylinder.  

 To investigate the load-deformat ion characteristic and 

load carrying capacity. 

 

II. LITERATURE REVIEW 

 

1. T Kiran et al. (2015) studied “Impact test on geo polymer 

concrete slabs” This paper deals with the study of impact 

resistance capacity of Geo-polymer concrete slabs subjected to 

impact loading. For this study, ten specimens of size 

0.6mX0.6mX0.06m were casted with 9 different combination 

of Geo-polymer concrete mix using different molar NaOH 

solutions and different percentages of mineral admixtures and 

normal concrete slab as control slab. The molarity of NaOH 

solution used was 8M, 12M and 16M. Fly ash and GGBS 

admixtures were used in three different ratios of 100:0, 75:25 

and 50:50. These slabs were oven dried at 60˚C for about 24 

hours. All these slabs were subjected to impact loading by the 

drop weight test method having a drop weight of 75.50 N from 

a height of 700mm. From this study they have concluded that 

 

Research Article                                                                                                                              Volume 7 Issue No.4   



International Journal of Engineering Science  and Computing, April  2017         10469                                                                http://ijesc.org/ 

with the increase in the concentrations of the molarity of the 

sodium hydroxide the strength characteristics and impact 

resistance capacity of the geo polymer concrete specimen  

increases. 
 

 2. Dr.Manjunatha N Hedge et al. (2014), in this paper 

author studied the effects of flexural strength in between the 

uncarbonated and carbonated slabs of different durations and 

to determine the depth of carbonation among carbonated slabs. 

This experiment consisted of 16 slabs which included IJRET: 

International Journal of Research in  Engineering and 

Technology 4 series (each series having 2 specimens with  10 

and 20mm cover to reinforcement). Each slab is of size 

1000×500×75mm and reinforced with 6mm MS bars at 

230mm c/c at bottom in Both directions First series consisted 

of control specimens and the other 3 series consisted of slabs 

subjected to 48, 96 and 144 hours of duration of carbonation. 

For casting of slabs M40 mix proportions of geo polymer 

concrete consisting of GGBS, fly ash, alkaline solution i.e. 

sodium hydroxide (NaOH) and sodium silicate (Na2SiO3), 

manufactured sand, coarse aggregate, water and 

superplasticizer. Series of slabs were kept in the carbonation 

chamber for the specified time periods and tested for flexure 

over span/4 from supports with two  sides are simply supported 

and the line loads is applied on it.  
 

3. Madhes waran C K et al. (2014) In this paper author 

studied “Investigation on behavior of rein forced Geo-polymer 

concrete slab under repeated low velocity impact loading”, the 

reinforced GPC slabs with and without steel fibers and 

compare with that of OPCC slabs. The overall dimensions of 

the GPC slab are 1mX1mX60mm Fin ite element modeling of 

slab was also carried  out using ANSYS software. The  Solid  65 

element and link 8 elements were used to model the concrete 

slab and Reinforcement respectively. Displacement boundary 

conditions are applied at the supports. The measured impact  

load time history is used to excite the structure. Transient 

dynamic analysis was carried  out. Results obtained in the fo rm 

of the deflection time histories, the failure crack patterns for 

the fiber reinforced slabs and for the plain reinforced slabs 

predicted by the finite element analysis are compared with the 

results obtained from the experimental study.   
 

4. Dr. Amarnath K. et al. (2015) Study on “Flexural Behavior 

of Fly Ash based Reinforced Rectangular Geo-polymer 

Concrete Slabs”, In this experimental work the flexural 

behavior of the rectangular geo polymer concrete slabs is 

studied by using fly ash and GGBS as a binder material. The 

proportion fly ash and GGBS used is 70% and 30% 

respectively.  And the molarity of the Sodium hydroxide 

solution used is of 8M. The ratio of the Sodium silicate to the 

sodium hydroxide solution is 2.5. Seven rectangular slabs were 

casted with the overall dimension of the slab as 1300mm X 

650mm with the 75mm overall thickness with aspect ratio of 

2.0. The rein forcement used for these slabs of Fe 500 High 

Yield Strength Deformed (HYSD) bars  of 8mm diameter were 

placed parallel to 1300mm side and 8mm dia. bars were placed  

parallel to the shorter sides are placed. All these slabs were 

tested under the 50T loading frame. For testing of the slabs 

support condition provided on all the sides is simply supported 

and the uniformly d istributed load (UDL) is applied on the slab 

panels. The study of the load v/s deflection is noted. 

5. Shanmugapriya et al. (2012) concluded from experimental 

researchers that compressive and flexural strength of concrete 

can be improved by partial replacement of cement by silica 

fume and manufactured sand for natural fine aggregates. They 

suggested that optimum replacement of natural sand by 

manufactured sand is 50%. 
 

6. S aeed Ahmad et al. (2008) have found that compressive 

strength of various mix ratios increased from 7% to 33% 

whereas workab ility decreased from 11% to 67% with 

increasing proportion of manufactured sand. 

 

7. Shyam Prakash et al. (2007) says that manufactured sand 

satisfies the requirements fine aggregates such as strength, 

gradation, and shape angularity. It  is also possible to produce 

manufactured sand falling into the desired grade. They say that 

the mechanical properties of manufactured sand depend upon 

the source of its raw material, i.e., parent rock. Hence the 

selection of the quarry is very important to quality fine 

aggregate. 

 

8.Mahendra R Chit Lange et al. (2010) experimentally  

proved that due to addition of steel fiber to natural sand 

concrete and manufactured sand concrete there is a consistent 

increase in flexural and split tensile strength whereas there is 

only a marginal rise in compressive strength. 

 

9. Kumutha Ret al, (2013) has studied on incorporating 

GGBS powder as a binder along with fly  ash to overcome heat 

curing and slow setting of concrete at ambient temperature. 

Different mix proportions were considered by varying the 

percentages of fly ash and GGBS and the result was found that, 

the compressive strength increase along with the increase in  

the age of concrete and increase in GGBS content. 

 

III.MATERIAL PROPERTIES  

 

3.1 Fly ash 

Fly ash collected from Mettur Thermal Power station was used 

as the source material to make geopolymer concrete. The  

chemical composition of fly ash and its specific gravity are 

given in Table below, 

 

Table 3.11 Chemical Composition of fly ash 
 

Parameter  Chemical Composition  

Sand and Silica  55.99 

Aluminium Oxide(Al2O3) 15.23 

Iron Oxide(Fe2O3) 21.78 

Magnesium Oxide  2.45 

Calcium Oxide(NaOH) 0.17 

 

 Calculation of s pecific gravity of fly ash   

Weight of the empty bottle, W1 (g) = 35 

Weight of the empty bottle +water, W2 (g) = 85 

Weight of kerosene + fly ash, W3 (g) = 75 

Weight of the bottle + fly ash + kerosene, W4 (g)= 102 

Weight of fly ash, W5 (g) = 40 

Specific Gravity of Kerosene (G
1
)= (W3 – W1)/ (W2 – W1)  

 

Table 3.12 Calculation of s pecific gravity of fly ash  

S.NO W1(g) W2(g) W3(g) W4(g) W5(g) 
Specific Gravity(G) 

G= G
1
X W5/ {(W5 +W3- W4)}

 

1 35 85 75 102 40 2.46 
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3.2 Fine aggregate  

Fine aggregate (sand) used is clean dry  river sand and M-sand. 

The sand is sieved using 4.75 mm sieve to remove all the 

pebbles. Fine aggregate having a specific gravity, bulk density 

and fineness modulus used. 

 

Calculation of s pecific gravity of fine aggregate : Mass of the 

empty bottle, M1=560(g) 

Mass of the empty bottle + fine aggregate, M2=1485(g) 

Mass of kerosene + fine aggregate+ water, M3 = 1980(g) 

Mass of the bottle filled with water, M4=1395(g) 

Table 3.21 Specific Gravity of Fine Aggregate  

S.No M1 (g) M2 (g) M3 (g) M4 (g) 

Specific gravity 

= (M2 - M1) / 

[( M2 - M1)-( M3- M4 )] 

1 560 1485 1980 1395 2.66 

 

Calculation of bulk density of fine aggregate  

 

Weight of the empty mould (W1) =3.880 kg 

Weight of the mould filled with sand (W2)=8.820 kg  

Volume of sample (V=π/4 d2 h)   =3.0026 x 10
-3 

m
3
 

Diameter of the mould (d) =0.150 m 

Height of the mould (h) =0.170 m 

Bulk density of fine aggregate=8.820 - 3.880 / 3.0026 x 10
-3

 

Bulk density of fine aggregate =1644.4 kg / m
3
 

 

Calculation of fineness modulus of fine aggregates  

 

Table 3.22 Fineness Modulus of Fine Aggregates  

Mass of the sample taken M = 1000g 

IS Sieve 

Mass of the 

sample 

retained(g) 

Cumulative 

mass 

retained (g) 

Cumulative 

%  retained 

2.36mm 40 40 4 

1.18mm 245 285 28.5 

600μ  187 47 47.2 

300 μ  435 907 90.7 

150 μ  85 992 99.2 

75μ 8 1000 100 

Pan - 1000 100 

Fineness modulus of fine aggregate = 2.69 

Table 3.23   Properties of Fine Aggregate 

S.NO Properties Values  

1 
Specific 

gravity 
2.66 

2 
Fineness 

modulus 
2.69 

3 Bulk density 
1644.4 kg  

/ m
3
 

4 Grading  Zone – II 

 

3.3 Coarse aggregate  

Coarse aggregate of 20 mm maximum s ize are as shown in  

Fig. Coarse aggregate having a specific gravity, bulk density 

and fineness modulus used is shown in fig. coarse aggregate 

are used to reduce the compressive stresses.  

 

Calculation of specific gravity of coarse aggregate  

 Observations      

Mass of the empty bottle, M1 = 3.88g  

Mass of the empty bottle + coarse aggregate, M2 = 6.960g  

Mass of the empty bottle + coarse aggregate + water, M3= 

8.740g  

Mass of the bottle filled with water, M4 = 6.720g  

Specific gravity = (M2- M1) / [( M2- M1)-( M3- M4)] 

 

Table 3.31 Calculation of s pecific gravity of coarse aggregate  

S.NO M1 (g) M2 (g) M3 (g) M1 (g) 

Specific gravity 

(M2- M1 ) /  

[( M2 - M1)-( M3- M4 ) 

1 3.880 6.960 8.740 6.720 2.96 

 

Table 3.32 Fineness modulus of coarse aggregate  

Mass of sample taken M = 5000 (g) 

IS Sieve Mass of sample retained Cumulative mass retained Cumulative %  retained 

20mm - - - 

16mm - - - 

12.5mm 160 160 8 

10mm 1800 1960 98 

5.6mm 2160 4120 206 

4.75mm 220 4340 217 

Pan 660 5000 100 

Fineness modulus of coarse aggregate = 5.3 
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 Calculation of bulk density of coarse aggregate  

Weight of the empty mould W1             = 3.880 kg 

Weight of the mould filled coarse aggregate W2= 8.880 kg  

Volume of sample (V=π/4 d2 h)         = π/4 x0.150
2
 x0.170 

Diameter of the mould (d)  = 0.150 m 

Height of the mould (h)  =0.170 m 

Bulk density of coarse aggregate  =W2-W1 / V 

                         =7.88 – 3.880 / 3.0026 x 10
-3

 

Bulk density of coarse aggregate   =1332.17 kg / m
3 

 

Table 3.33 Properties of coarse aggregate  

 

 

3.4Alkaline solution 

 

In this investigation, a combination of sodium hydroxide 

solution and sodium silicate solution was used as alkaline 

activators for depolymerisation. Sodium hydroxide is available 

commercially in flakes or pellets form. For the p resent study, 

sodium hydroxide flakes with 98% purity  were used for the 

preparation of alkaline solution. Sodium silicate is available 

commercially in solution form. 

 

 

 

 

 

 

 

4.1 MIX DES IGN OF GEO-POLYMER CONCRETE 

In the design of Geo-po lymer concrete (GPC mix), coarse and 

fine aggregates together were taken as 77% of entire mixture 

by mass. This value is similar to that used in OPC concrete in  

which it will be in the range of 75% to 80 the entire mixture by 

mass. Fine aggregate was taken as 30% of the total aggregate.  

Mix Design for M30 Grade of Geopolymer Concrete  

 

TABLE 4 .1 MIX DES IGN 

 

 

 

 

 

 

 

 

IV. RES ULTS  AND DIS CUSSION 

 

5.1 Compressive strength 

Table 5.11COMPRESS IVE S TRENGTH OF GEO-POLYMER CONCRETE(10M, M30) M-SAND 

 

 
Chart 5.11 COMPRESSIVE S TRENGTH COMPARISONS  

S.NO Properties Values  

1 Specific gravity  2.96 

2 Fineness modulus 5.3 

3 Bulk density 1332.17 kg / m
3
 

4 Maximum size  20 mm 

Ingredients Fly 

ash 

NaOH Na2SiO3 Fine 

aggregate  

 

Coarse 

aggregate  

 

Total water 

 

Extra 

water 

Quantity 

(kg/m3) 

405 70.88 70.88 683.13 1,268.66 108.35 29.46 

Proportion 1 0.35 1.82 3.37 0.211 0.07 
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5.2 SPLIT TENS ILE TES T 

 

5.2.1 DETAILS OF THE SPECIMEN   

 

Cylindrical test specimens have a length equal to twice the diameter. They are 15 cm in diameter and 30 cm long.  

 

Table 5.24SPLIT TENS ILE (10M, M30) M-SAND 

Days 
Specimen  

No 

Load 

(N) 

Split tensile Strength    

2p / dl 

(N /mm
2
) 

Average 

(N /mm
2
) 

 

7 

1 

2 

3 

82000 

78000 

83800 

1.42 

1.32 

1.50 

 

1.44 

 

14 

 

1 

2 

3 

109000 

101000 

116000 

1.75 

1.68 

1.74 

 

1.72 

 

28 

1 

2 

3 

123000 

135000 

146500 

1.78 

1.82 

1.89 

 

1.86 

 

Chart 5.21 SPLIT TENS ILE COMPARISONS 

 

0 

5 

10 

15 

20 

25 

30 

35 

40 COMPRESSIVE STRENGTH 

5M NORMAL SAND 5M M-SAND 10M NORMAL SAND 10M M-SAND 

0 

0.2 

0.4 

0.6 

0.8 

1 

1.2 

1.4 

1.6 

1.8 

2 

SPLIT TENSILE 

5M NORMAL SAND 10M NORMAL SAND 5M M-SAND 10M M-SAND 



International Journal of Engineering Science  and Computing, April  2017         10473                                                                http://ijesc.org/ 

 

5.3 WORKABILITY 

 

Workability is the ability of a fresh concrete mix to fill the 

mould properly with required vibration and without reducing 

the concrete's quality. Workability depends on water content, 

aggregate (shape and size distribution), cementitious content 

and age (level of hydration) and can be modified  by adding 

chemical admixtures.  

 

PARTICULARS 5M 

NORMAL 

SAND 

10M 

NORMAL 

SAND 

5M M-

SAND 

10M M-

SAND 

SLUMP VALUE 52 47 48 42 

 

 

Chart 5.31 SLUMP CONE TES T 

 
 

V.CONCLUS ION 

 

1. The Geo-polymer concrete is eco-friendly than other 

conventional type of concrete due to complete replacement of 

normal sand with M-sand. 

2. The replacement of M-sand reduces the hydration and also 

shows increase in  the value of compressive strength for 5M 

and 10 M by 4.08% and 9.51% also shows increase in the 

value of Split tensile strength for 5M and 10 M by 9.2% and 

4.5% respectively.  

3. It  is ev ident from the results that higher the concentration of 

NaoH, higher is the compressive strength of geopolymer 

concrete. 

4. Shear strengthening of reinforced geopolymer concrete 

beams with fibre wrapping.  

5. Study on the addition of various fibers in geopolymer 

concrete and their effect on enhancement of strength. 

6. Investigations on the effect of varying percentage of 

reinforcement on flexural and shear capacity of reinforced  

geopolymer concrete beams.  

7. Achieving ultra-high strength geopolymer concrete by the 

addition of silica fume, quartz sand and quartz powder.  
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