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ABSTRACT  
Fly ash Geopolymer concrete (GPC) is an eco-friendly alternative to conventional concrete that uses waste 

materials as a cementitious material. This work contains the effect of changing the alkaline solution to fly ash 

ratio on the strength and workability of fiber reinforced geopolymer concrete mix, including fly ash and 

polypropylene fibers 1.5%. To create geopolymer concrete mixes, a ratio of alkaline solution to fly ash of 0.35 is 

utilized, while the ratio of sodium hydroxide to sodium silicate 1:1.5 & 1:2.5 is used. A sodium silicate mixture 

with two different sodium hydroxide molarities (8M and 12M). The geopolymer concrete specimens are tested 

for their compressive strength and flexure test at the age of 7 & 14 days. Durability is evaluated through RCPT 

and Bond strength is studied through Pull out test. Test results shows improvements in the properties as compared 

to conventional concrete. 
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I. INTRODUCTION 

In the field of civil engineering 

constructions, concrete is one of the major 

components used owing to its strength and durability. 

Concrete is currently the most common material used 

in the construction industry around the globe. 

Ordinary Portland cement (OPC) is the primary 

binder for conventional concrete, which is widely 

used as a construction material for various types of 

structures. One of the new technologies that are 

concerned for the reduction of Portland cement in 

concrete is geopolymer technology.  

Geopolymer concrete has been explored as 

an alternative sustainable concrete in recent years. 

Fly ash is the main source of silica (Si) in the 

geopolymer and hence provide good binding 

strength. While extensive research has been 

conducted on geopolymer concrete (GPC) at the 

material level, much less efforts have been devoted 

to investigate the structural performance of GPC. fly 

based geopolymer cement and concrete have been 

studied extensively, and they are well known for their 

properties, which are better than those of normal 

concrete due their lower creep, lower shrinkage, 

better fire and acid resistance and resistance to 

sulphate attack. polypropyelene fiber 1.5% is used 

for streghning of GPC concrete. 

II. MATERIALS 

2.1. Fly ash (Class F- Type):  

The colour of fly ash can be tan to dark grey, 

depending upon the chemical and mineral 

constituents mean particle size ranges from less than 

1 μm to 150 μm. The fly ash used in the current study 

was obtained from the thermal power plant.   

 

2.2 Aggregate  

Locally available river sand having specific gravity 

2.64 and conforming to grading zone-II as per I.S: 

383 -1970.The natural sand had a specific gravity of 

2.57. Aggregate passing through 10 mm to 12mm.        

 

Table 1: Material Required For M30 Grade GPC 

with 1.5 & 2.5 Activators ratio. 
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Table 2:  Properties of Coarse Aggregates 

 

Table 3:  Properties of Fine Aggregates 

 

2.3 Alkali activators  

Two types of alkali activators were used in 

this study to produce geopolymer concrete. A 8M & 

12M sodium hydroxide solution was prepared by 

dissolving sodium hydroxide pellets in distilled 

water. Also, a commercially available sodium silicate 

solution of 29.5% SiO2, 14.5% Na2O and 55.9% 

H2O (% by weight) was used in the experiment. 

 2.4 Mix Proportions  

In this experiment, the mix design 

technique is used centered on the performance of the 

Concrete. Normally for Concrete is containing 75% 

of the aggregate of the total Concrete that is coarse 

and fine aggregates. Same 75% of the aggregate was 

taken to the mass of Geopolymer Concrete for 

calculation of material required for designing the 

Geopolymer Concrete according to the history of 

research, the density of Geopolymer Concrete was 

taken 2400 kg/m3, which is the same as ordinary 

portland cement. 

2.5 Preparation of Geopolymer Concrete Mixes:  

Preparation of geopolymer concrete is 

similar to that of cement concrete. Two types of 

coarse aggregates, sand and fly ash were mixed in 

dry state. Then add prepared mixture solution of 

sodium hydroxide and sodium silicate along with 

extra water based on water-to-geopolymer binder 

ratio and mix thoroughly for 3–4 min so as to give 

homogeneous mix. It was found that the fresh fly ash 

based geopolymer concrete was viscous, cohesive 

and dark in color. After making the homogeneous 

mix workability of fresh geopolymer concrete was 

measured by flow table apparatus as per IS 5512-

1983 and IS 1727-1967. Concrete cubes of side 150 

mm are casted in three layers. Each layer is well 

compacted by tamping rod of diameter 16 mm. All 

cubes were place on table vibrator and vibrated for 2 

min for proper compaction of concrete. After 

compaction of concrete, the top surface was levelled 

by using trowel. After 24 h of casting, all cubes were 

demoulded and then placed in an oven for thermal 

curing (heating). To avoid the sudden variation in 

temperature, the concrete cubes were allowed to cool 

down up to room temperature in an oven. The 

compaction factor ranges from 0.78-0.95 and 

polypropyelene fiber 1.5% is used for streghning of 

GPC concrete. 

III. Methodology 

3.1 The various workability, strength &durability 

tests conducted are mentioned below:  

• Workability 

• Compressive Strength  

• Flexural Strength  

• Rapid Chloride Penetration Test (RCPT) 

• Pull Out Test  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sr. No.  
Test  Result  

IS 

Requirement  

1.  Mean 

Aggregate 

Impact Value  

10.22 %  45%  

2.  Average 

Crushing 

Value  

39.33%  45%  

3.  Mean specific 

gravity   

3.05  2.6-2.8  

4.  Los Angeles 

abrasion Value  

15.49%  30%  

Sr. No  Test  Results  IS 

Requirement  

1.  Specific gravity  2.64  2.5-3.0  

2.  Moisture content  5%  20%  

3.  Bulking value  4.6%  20%  
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Table 4: Experimental Program 

 

3.2 Experimental Work 

3.2.1 Workability Test 

Table 5.0 Observation on Workability Test for geopolymer concrete 

Sr. No Alkaline Activator 

Ratio 

Slump in (mm) Compression Factor 

1. 1:1.5 51 0.93 

2. 1:2.5 42 0.89 

 

3.2.2 Compressive Strength Test:  

       Concrete cubes are tested in compressive testing machine (200 Ton capacity) to determine their 

compressive strength of 3 specimens at the age of 7 days and 14 days of curing. Compression test on the cubes of 

size 150x150x150mm. cubes was performed to calculate the compressive strength of the Geopolymer concrete. 

 

Table 6: Compressive Strength for FR-GPC with Activators ratio 1:1.5 

Specimen ID  Ratio (NH:NS)  

Compressive  Strength (N/mm2)  

No. of  Days  

7  14  

G1  1:1.5  27.58  33.42  

G2  1:1.5  26.70  32.98  

G3  1:1.5  26.13  33.87  

Average  26.80  33.42  
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Table 7: Compressive Strength for FR-GPC with Activators ratio 1:2.5 

 

 

 

 

 

 

 

 

 

 
 3.2.3 The flexural strength test 

The flexural strength test was carried out as per BIS 516-1968 Methods of Tests for Strength of 

Concrete, to find the flexural strength of geopolymer concrete. Totally four specimens of size 200x100x60mm 

were subjected to flexural strength test. The test was carried out at the age of 7 & 14 days curing period for 

both control and geopolymer concrete specimens.   

 

Table 8: Flexural strength for FR-GPC with activators ratio of 1:1.5 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 9: Flexural strength for FR-GPC with activators ratio of 1:2.5 

 

 

 

 

 

 

 

 

3.2.4 Rapid chloride test: 

The test set up is called Rapid Chloride 

Penetration Test (RCPT) assembly. This is two-

compartment cell assembly. Disk specimen is 

assembled between the two compartments cell 

assembly and checked for air and watertight. The 

cathode compartment is filled with 3% NaCl solution 

and anode compartment is filled with 0.3 normality 

NaOH solutions. Then, the concrete specimens were 

subjected to RCPT by impressing a 60V from a DC 

power source between anode and cathode. 

 

Specimen ID  Ratio 

(NH:NS)  

Flexural Strength (N/mm2)  

No of Days  

7  14  

P1   1:2.5  1.471  1.956  

P2   1:2.5  1.612  2.142  

P3   1:2.5  1.345  2.013  

Average   1.476  2.036  

Specimen 

Label  

 Ratio 

(NH:NS)  

Flexural Strength (N/mm2)  

No of Days  

7  14  

G1   1:1.5  0.848  1.162  

G2   1:1.5  1.124  1.431  

G3   1:1.5  0.972  1.314  

Average   0.981  1.30  

Specimen ID  
Ratio 

(NH:NS)  

Compressive Strength (N/mm2)  

No. of  Days  

7  14  

P1  1:2.5  30.56  41.54  

P2  1:2.5  30.72  42.33  

P3  1:2.5  31.06  40.02  

Average  30.78  41.29  
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Table 10: Observation on Rapid Chloride Penetration Test for FR-GPC:- 

 

 

 

 

 

 

 

 

 

 

3.2.5 Pull out Test  

Pull out test measures the force required to 

pull out a previously cast in steel insert, with an 

embedded enlarged end in the concrete. In this 

operation, a cone of concrete is pulled out and the 

force required is related to the compressive strength 

of concrete. The failure of RC structures happens 

primarily due to the deterioration of the bond. Hence 

it is necessary to study the bond characteristics.  

      Bond stress is calculated as 

                  τb =P/πx db x lb 

   Where,  

    τb - bond stress (N/mm2) 

     P - Applied load (N),   

    db- diameter of bar (mm)  

 

Table 11 : Observation on pull out test for FR-GPC  

 

 

 

 

 

 

 

 

Sr. 

 No  

Ratio 

(NH:NS)  

Charge passing, 

coulombs  Chloride 

Penetration 
Concrete type  

1.  

 

 

1:2.5 

 

1237  Low  

Low WC Ratio (<0.40) 

conventional pc concrete  

2.  

                   

 

1:2.5 

               

1316  Low  

Low WC Ratio (<0.40) 

conventional pc concrete  

3.  

 

 

1:2.5  

1267  Low  
Low WC Ratio (<0.40) 

conventional pc concrete  

Specimen 

Label  

Ratio 

(NH:NS)  

Bond Strength (N/mm2)  

No. of days  

14  

G1  1:2.5  341.73  

G2  1:2.5  328.14  

G3  1:2.5  317.46  

Average   329.11  
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IV. CONCLUSION 
Based on the test experimental results, following 

conclusions are drawn:  

1. In this experimental work on Fiber 

Reinforced Geopolymer concrete it is found 

that workability of geopolymer concrete in 

terms of slump with alkaline activator ratio 

of 1:1.5 is increases as compared to 1:2.5 

2. It is observed that compressive strength of 

fiber reinforced geopolymer concrete 

increases by about 28% at 7 days and 23% 

14 days for alkaline activator ratio of 1:1.5  

3. It is observed that compressive strength of 

Geopolymer concrete increases by about 

35% at 7 days and 55% 14 days for alkaline 

activator ratio of 1:2.5  

4. It is also observed that flexural strength of 

Geopolymer concrete shows increasing 

trend with alkaline activators ratio.  

5. The average bond strength of Geopolymer 

concrete obtained by pull out test is 341.73 

N/mm2.  
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