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ABSTRACT 

This paper presents the relative results of an experimental investigation on the fresh and hardened properties of  
Geopolymer concrete (GPC), Geopolymer Concrete Composites (GPCC) containing 80% Fly ash (FA), 20% Ground 
Granulated Blast Furnace Slag (GGBS). Sodium based alkaline liquid is used as an activator. The study also analyses the 
impact of steel fibers on the workability and mechanical properties of GPCC. Steel fibers were added to the mix in the 
volume fractions of 0.25%, 0.5% and 0.75% volume of the concrete. From the results it is observed that as the age of 
concrete increases the mechanical properties of GPCC are found to be improving significantly. Inclusion of steel fibers 
resulted in improved compressive and flexural strengths at the early ages. However tensile strength is found to be improved 
significantly at later stages. 
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1. INTRODUCTION 

Ever growing applications of concrete in the 
areas of infrastructure, transportation, and habitation have 
greatly prompted the development of civilization, 
economic progress, stability and the quality of life [1]. It is 
well known fact that concrete consumes huge quantities of 
virgin materials, production of its principal binder, cement 
leading to emission of green house gases. The structures 
suffer from lack of durability. These problems rendered 
the concrete construction industry to search for sustainable 
resources. [2]. During the last couple of decades alkali-
activated binders are increasingly receiving the worldwide 
interest in light of the ongoing emphasis on sustainability. 
Zongjin Li et al., [3] termed the geopolymers as 
sustainable cementitious materials due to their being 
energy efficient and environment friendly. The source 
materials used for producing geopolymer composites 
could be natural minerals such as kaolinite, clays, etc. or 
industrial by-products such as fly ash, silica fume, slag, 
etc. Hardjito. D and Rangan B.V have explored extensive 
investigation on the development and properties of fly ash 
geopolymer concrete [4]. Not only the mechanical 
properties of geopolymer concrete are superior to the 
conventional concrete but it undergoes low creep and very 
little drying shrinkage [5]. Geopolymer concrete is found 
to be excellent in resisting acid attack [6-8]. Previous 
researchers also proved that heat cured geopolymers 
exhibits better resistance to sulphate attack [9-11]. Studies 
by Li and Xu proved that geopolymer exhibits better 
durability and excellent mechanical properties [12].  

Despite of having many advantages, mostly the 
use of the geopolymer concrete is limited to precast 
industry due to fact that the polymerization reaction is 
very sensitive to temperature. Usually geopolymer 
concrete requires to be cured at elevated temperature 
under a strictly controlled temperature regime [13-14]. 
Geopolymer concrete produced without heat for curing 
will widen its application to the areas beyond precast 

members. Very limited literature is available in respect of 
production of geopolymers under ambient condition. The 
investigation by S. Manjunath et al. revealed that the 
geopolymer mortar develops the strength even at ambient 
conditions without any conventional curing [15]. Research 
of K. Vijai et al., proving that in ambient curing, the 
compressive strength increases as the age of concrete 
increases from 7 days to 28 days [16]. 

From the past experimental investigations it is 
clear that the usage of fibers in concrete leads to 
improvement in the mechanical properties. Test results of 
Yeol Choi et al., indicating that the addition of glass and 
polypropylene fibers to concrete increased the splitting 
tensile strength of concrete by approximately 20-50% 
[17]. Mazaheripour et al., found that applying 0.3% 
volume fractions of polypropylene fiber to the light weight 
self compacting concrete resulted in 40% reduction in the 
slump flow. They proved that by applying these fibers at 
their maximum percentage volume determined through 
this study, increased the tensile strength by 14.4% in the 
splitting tensile strength test, and 10.7% in the flexural 
strength [18]. Songa et al., investigations showed that at a 
fiber content of 0.6 kg/m3 nylon fiber-reinforced concrete 
exhibited higher compressive and splitting tensile 
strengths and modulus of rupture than the  of the nylon 
fiber concrete at a rate of 6.3%, 6.7%, and 4.3%, 
respectively over polypropylene-fiber-reinforced concrete 
[19]. The laboratory tests of Okan Karahan et al., observed 
that freeze-thaw resistance of polypropylene fiber concrete 
was slightly more when compared to concrete without 
fibers [20].  

Present experimental investigation is aimed at 
studying the properties of geopolymer concrete developed 
under ambient curing condition. Ground granulated blast 
furnace slag was mixed with low calcium fly ash to study 
the workability and the mechanical properties of 
geopolymer concrete. Also to enhance the early strength 
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steel fibers are included in the mixes and the effect is also 
studied. 
 
2. MATERIALS, SPECIMEN PREPARATION, TEST 
VARIABLES AND TESTING METHODS 

In the present study, the materials used were 
Class F Fly ash and GGBS collected from locally available 
source NTPC Visakhapatnam, India and Toshali Cements 
Pvt. Ltd, Visakhapatnam, A.P, India, respectively. 
 
2.1. Materials characterization 

The physical properties and chemical 
composition of the fly ash and GGBS are given in Table 1. 
and Table 2. respectively. For preparing activator solution, 
Sodium hydroxide (pellets 97-98% purity) and Sodium 
silicate solution with specific gravity of 1.39 is used. The 
chemical composition of sodium silicate solution is: Na2O 
= 10.2%, SiO2 = 27.3% and water 62.5% by mass. Locally 
available sand and aggregates are used. Specific gravity of 
fine and coarse and fine aggregates is in the range of 2.66 
and 2.67 respectively. Tap water was used in preparing 
alkaline solution. Steel fibers used in this investigation are 
of flat crimped cross section with 1.2mm thick and 60mm 
long. 
 

Table-1: Physical properties of fly ash and GGBS. 

Physical Property Fly ash GGBS 
Specific gravity 1.91 2.9 
Fineness (m2/kg) 365 416 
 
Table-2: Chemical composition of fly ash and GGBS. 

Chemical 
composition (%) fly ash GGBS 

Al2o3 32.4 16.3 
Fe2o3 4.04 0.68 
Sio2 58.1 34.4 
Mgo 0.71 8.83 
So3 0.12 1.44 

Na2o 0.17 0.22 
Chlorides 0.02 0.01 

L.O.Ia 0.85 0.19 
Cao 1.4 34.6 

 
2.2. Specimen preparation 

Sodium hydroxide pellets were dissolved in tap 
water to obtain a solution of required concentration. 
Activator solution is prepared by adding measured 
quantity of Sodium silicate solution and Sodium hydroxide 
solution. In a mixer fly ash/ground blast furnace slag are 
mixed thoroughly in required proportions until uniform 
color is achieved. Next, sand and coarse aggregates are 
added and mixed thoroughly again for 2 to 3 minutes. At 
this stage the activator solution which already prepared is 
added to this mixture and mixed about 5 minutes to get a 
uniform and homogeneous mix. The mix is then 

transferred in to cubes (150mm x 150mm x 150mm), 
cylinders (150mm x 300mm) and prisms (100mm x 
100mm x 500mm). During the transferring the mix is 
compacted in three layers. Mix is then compacted on 
vibrator to expel the air. For mixes with steel fibers 
respective quantity of fibers are added along with 
aggregates and then mixed thoroughly. 
 
2.3. Mix proportions and test variables 

For preparing geopolymer concrete (GPC) the 
ingredients used are fly ash, coarse and fine aggregate, 
activator solution consists of sodium silicate and sodium 
hydroxide solution of concentration 16M and some excess 
water. 
 
2.3.1. Mix design of GPC 

For all geopolymer concrete mixes M30 grade mix 
proportions are considered according to the mix design 
procedure adopted by R. Anuradha et al., [21]. The mix 
proportions used for M30 grade are given in Table 3. 
 
Table-3: Mix proportions of GPC. 
 

Ingredients Quantity per m3 
Sodium silicate 

solution 239.64 kg/m3 

Sodium hydroxide 95.86 kg/m3 
Extra water 11 kg/m3 

Fly ash 550 kg/m3 
Fine aggregate 600 kg/m3 

Coarse aggregate 838.3 kg/m3 
 
For preparing geopolymer concrete composites 

(GPCC) the ingredients used are fly ash, ground 
granulated blast furnace slag (GGBFS), coarse and fine 
aggregate, activator solution consists of sodium silicate 
and sodium hydroxide solution of concentration 16M and 
some excess water. 20% of fly ash used for making GPC 
is replaced by slag. Mix prepared with 80% fly ash and 
20% GGBFS is designated as GPCC. The steel fibers are 
added in the volume fractions of 0.25%, 0.5% and 0.75% 
volume of the concrete. The corresponding mixes are 
designated as GPCC1, GPCC2 and GPCC3, respectively. 
 
2.3.2. Mix design of GPCC 

For all geopolymer concrete composite mixes 
M30 grade mix proportions are considered. The mix 
proportions used for M30 grade of GPCC mix are detailed 
in Table 4.  
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Table-4: Mix proportions of GPCC. 
 

Ingredients Quantity per m3 
Sodium silicate 

solution 239.64 kg/m3 

Sodium hydroxide 95.86 kg/m3 
Extra water 11 kg/m3 

Fly ash 440 kg/m3 
GGBS 110 kg/m3 

Fine aggregate 600 kg/m3 
Coarse aggregate 838.3 kg/m3 

 
In addition to the ingredients used in GPCC mix, 

steel fibers are added in the above mentioned  volume 
fractions for GPCC1, GPCC2 and GPCC3 mixes  
respectively. 
 
2.4. Curing regime 

Geopolymer concrete mixes prepared with fly ash 
alone are exposed to a temperature of 600C after giving a 
rest period of 30 minutes. On other hand, mixes prepared 
with the combinations of fly ash and slags are cured at 
ambient temperature.  
 
2.5. Test set up 

The workability of fresh geopolymer concrete 
mixes (GPC and GPCC) was determined using slump test 
as per IS: 1199 -1959. The compressive strength tests were 
performed in accordance to ASTM C109. The specimens 
were tested for 3, 7 and 28 day compressive strength. The 
specimens were subjected to a compressive force at the 
rate of 5 KN/sec until it failed. The mean value of the 
compressive strengths of three test cubes in a series is 
reported as compressive strength of a particular mix. For 
finding the split tensile strength of cylinder IS: 5816-1970 
recommendations are followed and to find the flexural 
strength of prisms IS: 516-1959 guide lines are followed. 
 
3. RESULTS AND DISCUSSIONS 

The workability of fresh geopolymer concrete, 
geopolymer concrete composites without and with steel 
fibers, and the mechanical properties of hardened concrete 
are determined and the results are discussed below. 
 
3.1. Workability 

Figure 1. shows the slump values of the 
geopolymer concrete (GPC) and geopolymer concrete 
composites (GPCC) without and with steel fibers. 

 

  
 

Figure-1. Workability of different mixes. 

From Figure 1. it is clear that the workability 
values are decreasing gradually from GPC to GPCC with 
steel fibers. Addition of steel fibers causes decrease in 
workability. This may due to resistance offered by the 
fibers to the free flow. As the volume fraction of steel 
fibers increasing the workability values are decreasing. 

 
3.2. Compressive strength 

From Figure 2. it can be observed that at the age 
of 3days the development of strength in GPCC under 
ambient curing is very less compared to GPC under heat 
curing. The rates of increase in the compressive strengths 
of GPC and GPCC from 3 days to 7 days are found to be 
21%, 187%, respectively. 28 days compressive strength of 
GPCC is greater than compressive strength GPC under 
heat curing. The increment in the compressive strength of 
GPC and GPCC from 7 days to 28 days is found to be 
12% and 91%, respectively. So here an attempt is made to 
include fibers to increase the strength of GPCC even at 
early ages.  
 

 
 

Figure-2. Effect of inclusion of steel fibers on 
compressive strength. 
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From Figure 2. it is clear that inclusion of steel 
fibers in GPCC appreciably improved its compressive 
strength. Even at the age of 3 days, average compressive 
strengths of GPCC with steel fibers are comparable with 
the compressive strength of GPC under heat curing. As the 
volume fraction increases from 0.25% to 0.75% the rates 
of increase in the average compressive strength of GPCC 
with steel fibers from 3 to 7 days are about 16%, 15%, 
17%, respectively. While on the other hand for the same 
mixes, the rates of increase in the average compressive 
strengths from 7 to 28 days are about 54%, 51% and 63%, 
respectively. At the age of 28 days, the compressive 
strengths of GPCC mixes with steel fibers are greater than 
about 11%, 15% and 33% for GPCC1, GPCC2 and 
GPCC3, respectively with reference to GPC.  
 
3.3. Split tensile strength 

As shown in Figure-3 with the increase in the age 
of concrete the tensile strength of both GPC and GPCC are 
improving. In case of GPC the rate of increase in tensile 
strength from 3-7 days and 7-28 days are found to be 48% 
and 2.7%, respectively. In the case of GPCC the rate of 
increase in strength from 3-7 and 7-28 days are found to 
be 50% and 33%, respectively. At 28 days the average 
tensile strength of GPCC under ambient curing is more 
than GPC exposed to heat curing. The split tensile strength 
of GPC, GPCC without and with steel fibers at 3,7and 28 
days is represented in Figure 3.  
Addition of steel fibers improved the average tensile 
strength of GPCC under ambient curing. Although the -  
 

 
 

Figure-3. Effect of inclusion of steel fibers on tensile 
strength. 

 
-improvement is not so significant at early ages, there is 
significant improvement at the age of 28 days. At the age 
of 3days, as the volume fraction increases from 0.25% to 
0.75%, the increase in average split tensile strength of 
GPCC is about 1.5%, 12% and 44%, respectively for 
GPCC1, GPCC2 and GPCC3 respectively compared to 
GPCC without steel fibers. For the same mixes the 
increase in tensile strength at 7 days is about 10%, 22% 
and 28%, respectively compared to GPCC without steel 
fibers. At the age of 28 days, the increase in average 
tensile strength of GPCC with steel fibers is about 15%, 

46% and 53% for GPCC1, GPCC2, and GPCC3, 
respectively compared to GPC under heat curing. 
 
3.4. Flexural strength 

From Figure 4. it can be seen that at early ages 
the flexural strength of GPCC under ambient condition is 
less than the flexural strength of GPC under heat curing, 
but at the age of 28 days the converse is true. As the age of 
concrete is increasing from 3 days to 7 days the rate of 
increase in the flexural strength of GPC and GPCC are 
found to be 22% and 71%, respectively. The rate of 
increase in the tensile strength of GPCC and GPC with the 
increase in the age of concrete from 7- 28 days is 73% and 
23%, respectively. 

 

 
 

Figure-4. Effect of inclusion of steel fibers on flexural 
strength. 

 
At the age of 3 days, as the volume fraction 

increases from 0.25% to 0.75%, the increase in average 
split tensile strength of GPCC is about 58%, 76% and 97% 
respectively for GPCC1, GPCC2 and GPCC3, respectively 
compared to GPCC without steel fibers. For the same 
mixes the increase in flexural strength at 7 days is about 
13%, 22% and 46%, respectively compared to GPCC 
without steel fibers. At the age of 7 days the average 
flexural strength of GPCC mixes with steel fibers under 
ambient curing is comparable to that of GPC under heat 
curing. At the age of 28 days, the increase in average 
flexural strength of GPCC with steel fibers is about 18%, 
33% and 41% for GPCC1, GPCC2, and GPCC3, 
respectively compared to GPC under heat curing.    
 
4. CONCLUSIONS 
 
a) From the experimental investigation it can be 

concluded that Geopolymer concrete can perform well 
even under ambient conditions and hence the 
limitations of GPC specifically delay in setting time 
and heat curing regime can be overcome by replacing 
20% fly ash with GGBS. 

b) Replacing 20% fly ash by GGBS improved the 
mechanical properties such as compressive, tensile 
and flexural strengths. Compared to GPC the 
compressive, tensile and flexural strength are 
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enhanced at the rate of 10%, 2.3%, and 6.3%, 
respectively. 

c) To attain better strengths even at the early age of 
concrete inclusion of steel fibers is recommended.  

d) Addition of steel fibers in volume fraction of 0.25% 
enhanced the compressive, tensile and flexural 
strengths at the rate of 15%, 14% and 18%, 
respectively with reference to GPC under heat curing. 

e) Addition of steel fibers in volume fraction of 0.5% 
enhanced the compressive, tensile and flexural 
strengths at the rate of 11%, 44% and 33%, 
respectively with reference to GPC under heat curing. 

f) Addition of steel fibers in volume fraction of 0.75% 
enhanced the compressive, tensile and flexural 
strengths at the rate of 33%, 52% and 41%, 
respectively with reference to GPC under heat curing. 
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