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ABSTRACT 

This paper presents the results of an experimental investigation on the mechanical properties 

of different binder composition of Geopolymer Concrete Composites (GPCC). The study 

analyses of polypropylene fibre on the mechanical properties such as Compressive Strength, 

Split Tensile Strength and Flexural Strength of hardened GPCC. Mixtures were prepared with 

alkaline liquid to binder ratio by mass value is 0.45 for mix id M1, M2, M3 and 0.55 for mix id 

M4, M5. Polypropylene fibres were added to the mix in the volume fraction of 0.25% volume of 

concrete. Two kinds of systems were consider in this study using 100% replacement of cement 

by ASTM  class F  Fly ash (FA) and ground granulated blast furnace slag (GGBS) and 100% 

replacement of natural sand by Manufactured sand. The mechanical properties of the specimens 

were studied at prior of 28-days of Ambient curing and 24 hours of Heat curing. 
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INTRODUCTION 

It is widely known that the production of Portland cement consumes high energy and 

contributes large quantities of CO2 to the atmosphere. However, at present Portland cement is 

still the main binder in concrete construction and the search for more environmentally friendly 

materials is essential. 

One possible alternative is the use of alkali-activated binder using industrial by-products 

containing silicate materials. The most common industrial by-products used as binder materials 

are fly ash (FA) and ground granulated blast furnace slag (GGBS). GGBS has been widely used 

as a cement replacement material due to its latent hydraulic properties, while fly ash has been 

used as a pozzolanic material to enhance physical, chemical and mechanical properties of 

cements and concretes. In order to compare the strength, sorptivity, and carbonation of blended 

OPC-GGBS, alkali activated slag (AAS) and geopolymer concrete; some concrete specimens 

were prepared with a range of OPC and GGBS ratios of (0, 30, 50, 70% GGBS), while others 

prepared with GGBS and fly ash activated by alkaline solution with different alkali modulus [1]. 

Fibre reinforced concrete is a composite material that has been developed in recent years. It has 
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been successfully used in construction with its excellent flexural tensile strength, permeability 

and so on. Short fibres have been known and used for centuries to reinforced brittle material like 

cement or masonry bricks. At that time, fibres were natural fibres, such as horse hair, straw, etc. 

Now, days numerous fibre types are available for commercial uses, the basic types begin steel, 

glass, synthetic materials (polypropylene, carbon, nylon, etc.) and some natural fibres [2]. 

Polypropylene fibre has been extensively used in reinforced cement and concrete industries due 

to its high toughness and anticorrosion, however, there is few researches about polypropylene 

fibre modifying geopolymer. This investigation both calcined kaolin and fly ash were used as 

raw materials to prepare geopolymers, and the optimum admixture ratio was studied. 

Polypropylene fibre was added into the optimized starting material system to reinforce 

geopolymers. Its effects on the fluidity and setting time of fresh pastes, as well as on the strength, 

roughness and the volume stability of hardened geopolymers were investigated [3]. Low-calcium 

fly-ash based geopolymer concrete has excellent compressive strength, suffers very little drying 

shrinkage and low creep, excellent resistance to sulfact attack, and good acid resistance [5]. 

Geopolymer concrete is suitable for structural applications and the design provisions contained 

in the current standards and codes can be used to design reinforced fly-ash based geopolymer 

concrete structural members [6]. Researches on concrete with more than 50% of fly ash are very 

rare since there is degradation in strength with higher percentage of fly ash. On the other hand, 

geopolymer concrete that is produced by a polymeric reaction of alkaline liquid with a by 

product material like fly ash with total replacement of cement by fly ash have several limitations 

efforts have been taken in the present investigation to develop Geopolymer Concrete Composites 

with Fly ash, OPC and alkaline liquids. 

Also concept of using fibres as reinforcement is not new. By the 1960s, steel, glass (GFRC), 

and synthetic fibres such as polypropylene fibres were used in concrete , and research into new 

FRCs continues today. Some types of fibres produce greater impact, abrasion, and shatter 

resistance in concrete. Concerning the structural applications, fibre concrete possesses many 

advantages compared to the traditional structural concrete. Yeol Choi et al. Investigated the 

relationship between the splitting tensile strength and compressive strength of glass fibre 

reinforced concrete (GFRC) and polypropylene fibre reinforced concrete (PFRC). The splitting 

tensile strength and compressive strength of GFRC and PFRC at 7, 28 and 90 days were used an 

test results indicated that the addition of glass and polypropylene fibres to concrete increased the 

splitting tensile strength of concrete by approximately 20-50%, and the splitting tensile strength 

of GFRC and PFRC ranged from 9% to 13% of its compressive strength. Based on this 

investigation, a simple 0.5 power relationship between the splitting tensile strength and the 

compressive strength was derived for estimating the tensile strength of GFRC and PFRC [7]. 

In this present study, it is aimed to investigate the mechanical properties of Polypropylene 

Fibre Reinforced Geopolymer Concrete Composites. The mechanical properties such as 

Compressive Strength, Split Tensile Strength and Flexural Strength were conducted.  

 

EXPERIMENTAL INVESTIGATION 

 

Materials 

  

Ground Granulated Blast furnace Slag (GGBS) was obtained from Agni steel plant, Erode, 

Tamilnadu, India, and Low calcium ASTM class F Fly ash (FA) collected from Mettur thermal 

power station was used as the source material to make Geopolymer concrete in the laboratory. 
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The specific gravity of GGBS is 2.9, Fly ash having a specific gravity of 2.3 and fineness 

modulus (passing through 45 µm) of 7.86. Fine aggregate (M-sand) is crushed fine aggregates 

produced from hard granite stone which is cubically shaped with grounded edges, washed and 

graded with consistency to be used as a substitute for river sand. M-Sand is a superior quality 

manufactured sand conforming to international standards. The Specific gravity and Fineness 

modules for Manufactured sand were 2.8 and 2.9 respectively. In the present investigation 

locally available crushed granite stone aggregate of size 20mm passing and retained in 10mm IS 

sieve used and the various tests were carried out as per IS:2386-1968 part III. The Specific 

gravity and Fineness modules for Coarse aggregate were 2.63 and 2.8 respectively. Water 

conforming to the requirements of water for concreting was used throughout. In this 

investigation, a combination of Sodium hydroxide solution and Sodium silicate solution was 

used as alkaline activators for Geopolymerisation. Sodium hydroxide is available commercially 

in flakes or pellets form. For the present study, sodium hydroxide pellets with 98% purity were 

used for the preparation of alkaline solution. The physical properties of Sodium Hydroxide of 

specific gravity and pH were 1.7 and 13 respectively. Sodium silicate is available commercially 

in liquid gel form and hence it can be used as such. The chemical composition of sodium silicate 

is: Na2O-14.7%, SiO2-29.4% and Water – 55.9% by mass. In this work polypropylene fibres 

were used. These polypropylene fibres have a length of 18 mm and nominal diameter of 10 μm 

was used. 

 

Mix Design of Geopolymer Concrete Composite 

 

Table 1. Mix Proportion for Geopolymer Concrete Composites 
 

MIX 

ID Binder(b) (b) kg/m3 M-Sand 

Coarse 

aggregate 

Extra 

water 

NaOH 

Solution 

Na2SiO3 

Solution 

Polypropylene 

fibres 

    F.A GGBS kg/m
3
 kg/m

3
 kg/m

3
 kg/m

3
 kg/m

3
 kg/m

3
 

M1 

100% 

F.A,0% 

GGBS 482.6 - 589.9 987.5 44.2 62.05 155.12 80 

M2 

75% 

F.A,25% 

GGBS 361.95 120.65 589.9 987.5 44.2 62.05 155.12 80 

M3 

50% 

F.A,50% 

GGBS 241.3 241.3 589.9 987.5 44.2 62.05 155.12 80 

M4 

25% 

F.A,75% 

GGBS 120.65 361.95 589.9 987.5 57.99 75.84 189.59 80 

M5 

0% 

F.A,100% 

GGBS - 482.6 589.9 987.5 57.99 75.84 189.59 80 
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In the design of geopolymer concrete (GPC mix), coarse and fine aggregates together were 

taken as 78% 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% of the entire mixture by mass. From the past 

literatures it is clear that the average density of fly ash based geopolymer concrete is similar to 

that of OPC concrete (2400 kg/m
3
). Knowing the density of concrete, the combined mass of 

alkaline liquid and binders can be arrived. By assuming the ratios of alkaline liquid to binder in 

M1, M2, M3 is 0.45 and M4, M5 as 0.55, mass of binder and mass of alkaline liquid was found 

out. To obtain mass of Sodium hydroxide and Sodium silicate solutions, the ratio of sodium 

hydroxide to sodium silicate solution is 1:2.5. extra water were added to the mix by 10% of 

binders respectively to achieve workable concrete. The mix proportions of geopolymer concrete 

composites are given in table 1. 

 

Preparation of GPCC 

To prepare 16 molarity concentration of sodium hydroxide solution, 640 grams 16 x 40 ( 

molarity x molecular weight) of sodium hydroxide pellets was dissolved in distilled water and 

makeup to one liter. The mass of NaOH solids was measured as 444 grams per kg of NaOH 

solution of 16M concentration. The sodium hydroxide solution thus prepared is mixed with 

sodium silicate solution one day before mixing the concrete to get the desired alkaline solution. 

The solids constituents of the GPCC mix that is fly ash (FA) and ground granulated blast furnace 

slag (GGBS) and the aggregates were dry mixed in the pan mixer for about three minutes. After 

dry mixing, alkaline solution was added to the dry mix and wet mixing was done for 4 minutes. 

Finally extra water was added to achieve workable GPCC mix. In case of polypropylene fibre 

reinforced geopolymer concrete composite mixes fibres were added to wet mix such as 0.25% of 

volume of the concrete. 

In this experimental work a total of 75 numbers of concrete specimens were cast with 

polypropylene fibres in both ambient and heat curing. The specimens considered in this study 

consisted of 25 numbers of 150 mm cubes, 25 numbers of 150 mm diameter and 300 mm long 

cylinders and 25 numbers of 100 x 100 x 500 mm size prisms. 

Before casting machine oil was smeared on the inner surfaces of the cast iron mould. Concrete 

was poured into the moulds and compacted thoroughly using a table vibrator. The top surface 

was finished using a trowel. The geopolymer concrete composite specimens were removed from 

the mould after 4 days since they set in a similar fashion as that of conventional concrete. All the 

specimens were left at ambient and heat curing till the day of testing.Tests for compressive and 

split tensile strengths were conducted using a 2000kN Digital Compression testing machine and 

the test for flexural strength was conducted using a 100 kN Flexural testing machine. These tests 

were conducted as per the relevant Indian Standard specification [14, 15].   

 

 

RESULT AND DISCUSSION 

In this study, mechanical properties of Geopolymer Concrete were investigated by using 

Polypropylene Fibre Reinforced Geopolymer Concrete (PFRGC) at different binder composition 

of concrete. In the present study, mechanical properties such as compressive strength, split 

tensile strength, flexural strength were investigated. 
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Compressive Strength 

 

The compressive strength of different mixes in both ambient and heat curing for 28 days are 

shown in Table 2. Ambient and heat curing compressive strength results are compared by 

plotting graphs shown in Figure 1. 

The Polypropylene Fibre Reinforced Geopolymer Concrete (PFRGC) composite mixes 

resulted in an enhanced compressive strength had a great improvement. Compressive strength 

obtained during ambient curing was low when compared to heat curing for all the mixes. Mix id 

5 that is 100% of ground granulated blast furnace slag (GGBS) better compressive strength was 

observed in both the type of curing when compared to 100% replacement of fly ash (FA). 

 

Table 2. Compressive Strength value 

 

 

Mix id 

Compressive Strength in N/mm
2 

Ambient Curing Heat Curing 

 

M1 

 

18 

 

19 

 

M2 

 

23 

 

24.67 

 

M3 

 

29.5 

 

31 

 

M4 

 

31 

 

33 

 

M5 

 

34 

 

36 

 

 
 

Fig. 1 Compressive Strength value 
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Split Tensile Strength 

The split tensile strength of different mixes in both ambient and heat curing values at 28 days 

are shown in Table 3. Ambient and heat curing split tensile strength are compared by plotting 

graphs shown in Figure 2.  

The Polypropylene Fibre Reinforced Geopolymer Concrete (PFRGC) composite mixes 

resulted in split tensile strength had a great improvement. The heat curing of polypropylene fibre 

reinforced geopolymer concrete has high split tensile strength compared to the ambient curing 

for the all different binder composition mixes. Mix id 5 that is 100% of ground granulated blast 

furnace slag (GGBS) better split tensile strength was observed in both the type of curing when 

compared to 100% replacement of fly ash (FA).  

 

Table 3. Split Tensile Strength value 

 

 

Mix id 

Split Tensile Strength in N/mm
2 

Ambient Curing Heat Curing 

 

M1 

 

2.9 

 

3.04 

 

M2 

 

3.04 

 

3.11 

 

M3 

 

3.89 

 

4.10 

 

M4 

 

4.24 

 

4.39 

 

M5 

 

4.74 

 

4.81 

 

 

Fig. 2 Split Tensile Strength value 
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Flexural Strength 

The flexural strength of different mixes in both ambient and heat curing values at 28 days are 

shown in Table 4. Ambient and heat curing flexural strength are compared by plotting graphs as 

shown in Figure 3.  

The Polypropylene Fibre Reinforced Geopolymer Concrete (PFRGC) composite mix shows 

improvement in flexural strength when the percentage of GGBS was increased. Flexural strength 

obtained during ambient curing was low when compared to heat curing for all the mixes. . Mix id 

5 that is 100% of ground granulated blast furnace slag (GGBS) better flexural strength was 

observed in both the type of curing when compared to 100% replacement of fly ash (FA).  

 

Table 8. Flexural Strength value 

 

 

Mix id 

Compressive Strength in N/mm
2 

Ambient Curing Heat Curing 

 

M1 

 

1.5 

 

1.8 

 

M2 

 

2.4 

 

2.7 

 

M3 

 

3.00 

 

3.6 

 

M4 

 

4.5 

 

4.8 

 

M5 

 

5.1 

 

5.7 

 

 

Fig. 3 Flexural Strength value 
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CONCLUSIONS 

Polypropylene Fibre Reinforced Geopolymer Concrete mix delay in setting time and 

necessity of heat curing to gain early strength. Addition of polypropylene fibre reinforced 

geopolymer concrete composites enhanced its mechanical properties. The strengths for 

predicting 28 days of ambient and 24 hours of heat curing.  The average density of  Geopolymer 

Concrete is similar to that of  Ordinary Portland Cement (OPC) concrete. The compressive 

strength of heat cured GGBS based Geopolymer Concrete does not depend on age, but the 

compressive strength of ambient cured PFRGC depends on age. 100% Replacement of cement 

by ground granulated blast furnace slag (GGBS) in PFRGC shows better Compressive strength, 

Split Tensile strength and Flexural strength when compared to 100% replacement of fly ash 

(FA).The mechanical properties obtained for different binder composition of FA and GGBS 

incorporated with 0.25% of Polypropylene Fibre agrees well. The usage of Polypropylene Fibre 

in Geopolymer synthesis suggests an approach to further enhancing the environment benefits and 

solving the problems of large shrinkage and high brittleness. 
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