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                     ABS-TRACT 

Basalt fiber in the geo-polymer concrete made with meta-kaolin clay powder has 

been resulted in providing great strength to the  geo-polymer concrete, it is 

promising modern concrete. It had been found out that incorporation of basalt fiber 

in  geo-polymer increases the overall strength of the concrete. 

Depending on the basic properties of cement, the basis was choosing the suitable 

material in place of cement in concrete . Hence ,  meta-kaolin clay was used to fully 

replace the cement. The Meta-kaolin clay have high percentage of alumina and 

silica, which were further confirmed by EDS results. The experimental program was 

set up to develop M30 geo-polymer concrete (GPC). The production of GPC 

requires the source material to be  first activated with the help of alkali activated 

solution. The  sodium based products were used as alkali activated solution. The 

molarity of the NaOH solution was maintained between 10M and 16M while using 

alkali activated solution ( AAS ). It was maintained that the alkali activated 

solution's mix ratio ranged from 1 to 2.5. The compressive strength and workability 

of the each concentration of alkali activated solution infused geo-polymer was 

found out. The maximum strength was provided by 14 molar sodium hydroxide 

solution and 2.5:1 mixing ratio of AAS. This combination was used in the further 

study. This study is based on the usage of basalt fibers in the geo-polymer concrete. 

Fibers acts as reinforcement material. The strength like compressive, flexural  and 

split tensile of the meta-kaolin based geo-polymer were evaluated by casting cubes , 

beams and cylinder. The research work included the addition of basalt fibers 0.5% 

to 2.5% with replacement of meta-kaolin. The basalt fibers of different length as 

3mm, 6mm,12mm,18mm and 24mm were used in the study. This research provides 

insight into the ideal proportion of basalt fiber for usage in geopolymer concrete 

based on meta-kaolin. The compressive strength of M14 concentration of alkali 

activated solution was found to have maximum strength. It was discovered that the 
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meta-kaolin based geo-polymer concrete has higher flexural and split tensile 

strengths than regular cement concrete.   

The XRD. SEM ,EDS and FTIR test were performed on the meta-kaolin concrete to 

verify the experimental results. 

Keywords:  basalt fiber, meta-kaolin, geo-polymer, alkali activated solution, XRD, 

SEM, FTIR. 
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TERMINOLOGY 

% Percentage 

Π Pi 

A The separation between the fracture line and the closest 

support, mm. 

A Loaded area of cube, mm2 

AAS Alkali activated solution 

B Width of sample beam, mm 

B Width of sample 

BF Basalt fibers 

D Depth of sample beam, mm 

D Diameter of specimen,mm 

EDS Energy dispersive X –Ray 

Fcomp Compressive strength of sample, N/mm2 

Fflex Flexural strength of sample, N/mm2 

Fsplit Split Tensile strength of sample, Mpa 

FTIR Fourier transform infrared spectroscopy 

Gm Gram 

GPC Geo-polymer concrete 

Kg Kilogram 

Kg/m3 Kilogram per meter cube  

L Length of the specimen,mm 

Mm Milimeter 

M Molar 

MK Meta-kaolin Clay 

Mpa MegaPascal 

N Newton 

NaOH Sodium Hydroxide  

Na2SiO3 Sodium silicate  

N/mm2 Newton per millimetre square 

Pcomp Failure load in compression, N 

Pflex Load in centre at failure, N 

Psplit Load at failure, N 

SEM Scanning electron Microscopy 
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                       CHAPTER 1: INTRODUCTION 

This chapter addresses the necessity, significance, challenges faced during the work. 

This study revolves around the use of meta-kaolin in geo-polymer along with  

incorporation of basalt fiber into it. 

1.1 Thesis background 

In this century, population is increasing rapidly giving rise to infrastructure developments 

catering overall needs such as transportation, residential , hospitality etc. Requirements has 

also changed  along with the modern world. To fulfill this need of the construction industry, 

the raw materials are getting used up vastly. One such material is cement, which is most 

widely used and an important ingredient in the manufacturing of concrete. Due to its 

overuse, the natural resources are getting destroyed speedily, and its replenishment is very 

essential to maintain the balance of environment. To prevent expeditious decomposition of 

limestone mines and the reduction of carbon emissions, a sustainable and more environment 

friendly product should be designed, and one such great alternative is the geo-polymer 

concrete, this concrete uses another material as an alternative for cement, generally those 

materials are waste products which can be replaced partially or fully with cement. Alkali 

activation and geo-polymerization are the two important steps involved in the 

manufacturing of  geo-polymer concrete. This concrete requires an alkali activated solution 

which reacts with the pozzolanic substitute. These solutions are the backbone of  geo-

polymer concrete, includes potassium or sodium silicates and potassium or sodium 

hydroxides. Sodium based chemicals are generally preferred due to its low cost and 

availability. This research uses meta-kaolin clay or powder as a replacement in the place of 

cement. The alkali activated solution of the required concentration of both the chemicals is 
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prepared first and then the dry constituents are included in the creation of the geo-polymer 

concrete. 

To enhance the various properties of concrete, various researchers are using fibers such as 

natural fibers as well as fibers procured from other sources. These fibers provide different 

properties to the concrete. Cement like materials are also weak in tension and hence they 

cannot resist tensile forces [01] and thereby the addition of fibers in material comes into its 

action. These fibers play crucial role in transmitting tensile forces and try to arrest the 

crack. Fibers have gained lot of attention for its multiple uses into the concrete. Geo-

polymer reinforced with fiber provides significant structural as well as engineering 

properties to the concrete, which helps in developing cleaner and sustainable environment. 

This research focuses on the application of  chopped basalt fibers into the meta-kaolin 

based geo-polymer concrete. The basalt fibers are procured from basalt rocks in a similar 

way such as the manufacturing of glass fibers. These basalt fibers perform better as 

compared to glass fibers in the tensile behavior [02]. As well as the basalt fibers have 

greater resistance when subjected to chemical environment. The basalt rocks are kind of 

waste materials ,which needs to be recycled instead of dumping into the landfills. 

 

Figure 1. 1. How temperature affects the failure stress of carbon fiber, E-glass, and single basalt 

.Source [02]. 
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The basalt fibers shows the reduction in failure stress when compared with E-glass and 

carbon fiber at the temperatures required for waste material incineration [02]. The 

addition of basalt fibers provides significant strength to the concrete and the studies also 

suggest that it may help assisting in strengthening the concrete's ability to rupture [03]. 

Incorporating the increasing content of basalt fibers increases the splitting strength of the 

concrete, but it reduces the workability of the concrete such as slump flow.  The voids/ 

pores in the concrete also increases with increasing basalt fiber content [04]. As the basalt 

fibre is found to be hydrophilic in its property [05]  So, this experiment also aims in finding 

out the optimum basalt fiber content which can be replaced with the source material. As  the 

content of basalt fiber increases, the concrete becomes very stiff hence it loses its 

workability because the fibers reduces the ability of aggregates to settle down. Basalt fiber 

based geo-polymer concrete performance is greater than that of normal geo-polymer 

concrete [05].     

Fly ash is most commonly used as replacement of cement in geo-polymer concrete, meta-

kaolin (MK) is new material and it differs from other source materials in a way that it is not 

a waste product from industry [06] whereas the secondary binder materials are by-products 

such as ground granulated blast furnace slag (GGBS), fly ash (FA), rice husk ash (RHA), 

and silica fume (SF). MK is a pozzolanic substance that is very reactive. It has significant 

impact on performance of concrete. MK is an aluminosilicate material having 40% to 45% 

of alumina and 50% to 55% of silica. It is available in the form of white powder which is 

finer than the regular cement. Determination of mechanical properties of any type of 

concrete is very important as it gives an overall idea about the strength and durability of its 

constituent materials. Mechanical properties of any material include testing of strength such 

as compressive, tensile and flexure. Application of meta-kaolin in concrete has been found 

in achieving high mechanical strengths. Meta-kaolin incorporation provides high grade, 

strength, performance and light weight concrete [07]. 

There are various advantages of geo-polymer concrete such as minimal or negligence 

maintenance, low carbon emission, sustainable construction material, recycle of industrial 

by-product, cost saving, great life cycle, reduction in global warming, service life is long, 

reduction in the usage of virgin material. On comparing with the traditional concrete, the 

geo-polymer concrete has option for variable curing methods for achieving strengths, low 

air and water permeability, high chemical resistance, operator determined fast or slow set 

times, resistance to freeze and thaw cycles. There are also types in which geo-polymer 
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concrete can be manufactured. Slag based, rock based and fly ash based are the major 

categories of geo-polymer concrete. The process of geo-polymerization involves various 

steps such as dissolution, special equilibrium, gelation, reorganization, polymerization and 

hardening.  

1.2 Objective  

Basalt fiber and meta-kaolin powdered clay are the emphasized composition of this 

research. Glass, aramid, carbon, nylon, polypropylene, steel are different types of fiber 

available which are used extensively.  Insulating properties, resistance to heat, stability 

under radioactive ambiance, great resistance to corrosion, high resistance to alkalinity, low 

thermal conductivity are some of the exceptional qualities of the basalt fibers [05]. The 

behavior of basalt fiber has been studied, but the study of its combined effect with meta- 

research to study the behavior and strength of the combined matrix. 

The objectives of the research work carried are defined as below: 

01. To investigate the mechanical properties of the geo-polymer concrete 

02. To get the ideal level of basalt fiber in the geo-polymer concrete 

03. To investigate how the concentration of alkali-activated solution affects 

geopolymer concrete's compressive strength. 

1.3 Significance of basalt fiber 

Over the past ten years, basalt fibers have seen a notable increase in use in a variety 

of industrial applications. Basalt fibers are finding applications in many different 

sectors as the potential of using them with materials is becoming more and more 

apparent. The largest industry that uses basalt fiber materials in its products is, 

generally speaking, the construction sector. Chopped fibers, for instance, are 

primarily utilized in the building of wall panels and  slab floors, foundations, and 

also in  asphalt concrete road as reinforcement. 

Buildings such as tunnels, marine constructions, houses, highways, and bridges can last 

longer when concrete contains basalt fiber. The rate at which the dosage is applied to the 

concrete mixture determines the amount of augmentation attained. The global market for 

continuous basalt fiber, estimated at US 51.4 million in 2012 and projected to increase at a 

rate of 10.9% between 2013 and 2019, is predicted to reach US 104.7 million.Therefore, the 
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importance of this research is to offer suggestions to the construction sector on utilizing the 

optimal ratio of basalt fiber material to improve the mechanical characteristics of concrete. 

1.4 Advantages of basalt fiber 

Basalt rock fibers do not react with air or water, are non-flammable, and are resistant to 

explosions when exposed to other chemicals without creating any reaction. Basalt can 

substitute nearly all uses of asbestos and offers three times the heat insulation capability. 

Basalt fiber is not liable to galvanic corrosion. Mixing the fiber is a simple task. 

Reduces the width of cracks . Thickness of concrete cover decreases significantly in 

reservoirs and underground water channels, resulting in shorter construction time. 

Basalt fibers can be environment friendly and non-hazardous material.  

1.5 Application of basalt fiber 

Basalt has exceptional control over thermal, electrical, and sound-insulating 

qualities in addition to great chemical and thermal stability. It is therefore employed 

in fire safety . Chopped basalt fiber strands add a high level of durability, and 

tremendously obstructs abrasion ,shock ,frost, corrosion and water. Basalt resists 

chemicals well and is a superb electrical insulator, particularly against strong alkalis 

. Therefore, basalt composite pipes are suitable for conveying corrosive liquids and 

gases. Uses of basalt fiber concrete in the field include industrial concrete floors, 

airport runways, highways, shop floors with heavy equipment, slope stabilization, 

building repair and reconstruction, concrete water channels, and fire-proof 

construction. 

 1.6 Organisation of thesis 

The thesis incorporates six chapters and the contents are explained in the sections below. 

Chapter 1 gives an idea about the major constituents of the research work, such as the 

necessity and significance of basalt fibers in the concrete, need of the geo-polymer 

concrete, an alternative to the traditional concrete, aim and objective of the study. 

Chapter 2 gives detailed review on the literatures done wherein the various research 

previously done on the major materials of the geo-polymer concrete are noted down.   
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Chapter 3 summarizes various steps involved into the processing of the basalt fiber meta-

kaolin based geo-polymer concrete. The detailed steps for performing the experimental 

study under standard method has been done.    

Chapter 4 includes the numerical results obtained under the experimental work and its 

discussion. 

Chapter 5 includes the findings of the research and summarizing it into the conclusion 
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CHAPTER 2 : LITERATURE REVIEW 
 

 

2.1 General 

A detailed study has been made by studying various researchers which has been 

already done in the past. It has been found out that the application of fibers in the 

geo-polymer enhances the quality of concrete. Great results have been obtained by 

use of geo-polymer concrete.  

 

2.2 Literature on Meta-kaolin 
 

Cement products yields significant release of carbon dioxide in the environment. 

SO3 and NOX are also released along with CO2 during the production of cement , 

which are major contributors in greenhouse effect and acid rain [8] . 5-8% of the 

world wide carbon dioxide emission is contributed alone from the manufacturing of 

cement[9]. Workability, durability and mechanical properties have been found to be 

improved by using Meta-kaolin in concrete. To reduce the environmental damage 

caused by the cement industries, meta-kaolin geo-polymers are used significantly. 

The major constituents of the meta-kaolin comprises of SiO2 and Al2O3 [10]. High 

Strength and high performance concrete can be achieved by using meta-kaolin in 

concrete. In India, there are widespread reserves of kaolin mineral available [11]. In 

the country the price of meta-kaolin is 3-4 times that of cement and the meta-kaolin 

is proven economical over silica fume. Pozzolanic as well as micro filler properties 

are the main characteristics of the meta-kaolin [12].  High strength self compacting 

concrete can also be developed with meta-kaolin [13]. Meta-kaolin produces 

concrete which have low water permeability due to the decrease in pore size 

influencing from the meta-kaolin particle size, hence the performance of the 

concrete is increased and also the sorptivity is decreased .It is also mentioned that 

the reduction in sorptivity is demonstrated into high strength of concrete. The 

infiltration of aggressive substances into the concrete commonly referred as 

absorption of concrete. Water absorption of meta-kaolin mixes are lower than that 

of the cement mixes. The meta-kaolin's high alumina content aids in the binding of 

chloride ions  leading to a decrease in free chloride ion which is responsible for 

corrosion of reinforcement [14]. Lower chloride permeability is observed by using 
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meta-kaolin [15]. Workability of the meta-kaolin geo-polymer concrete is greater 

than cement concrete. And  it has showed a good co-relationship between 

destructive and non destructive tests .so, the materials like meta-kaolin can be used 

as a supplementation with cement [19]. Increase in workability of meta-kaolin has 

been attributed to the fact that it has high surface area as well as high chemical 

activity, hence it has high water intake, which results in high workability. The 

thixotropic nature of the clay minerals is the factor which attributes to the increased 

flow of meta-kaolin concrete. And also there is improved dispersion of meta-kaolin 

particles resulting in reduction  of void which attributes to the compaction factor 

[18]. Meta-kaolin is found to be favorable replacement material in marine regions 

where there are more chances of chloride attack [16, 17]. As the meta-kaolin 

production process has lack of CO2  emission ,it provides serviceability  and 

sustainability to the marine structures [20].  

 

2.3 Literature review on basalt fiber 

 

Jongsung Sim et.al conducted research  on comparison between basalt fiber , carbon 

fiber and glass fiber properties. Specimens were casted and then strengthened with 

basalt fiber layers and tested for strengthening, mechanical properties and 

durability. Basalt fiber having 1000MPa tensile strength was used into the study 

whose strength was 30% stronger than carbon fiber and 60% stronger than glass 

fiber. Great resistance to accelerated weathering test was shown by basalt fiber. It 

also maintained 90% of its strength when exposed to high temperature and 

maintained volume integrity when compared with other fibers. The yielding and 

ultimate strength of the beam specimen was improved with basalt fiber 

strengthening. The basalt fiber was found as a promising alternative to modern 

strengthening techniques [21] . 

When more than two hybrid materials are reinforced in a matrix, hybrid nano-

composites are formed. A synergetic effect is developed which enhances new 

properties like light weight, elasticity, ductility and flame retarding ability [22]. 

There are a lot of inorganic and organic fibers on the market, but the majority of 

them are pricey and weak structurally. One such material that is inorganic in nature 

and also  most choice material is basalt fiber. Basalt fiber has variety of structural 

https://www.sciencedirect.com/science/article/abs/pii/S1359836805000454#!
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properties such as excellent modulus, high strength, resistance to high temperatures, 

stability, resistance to chemicals, and enhanced resilience to failure. It has easy 

process of procuring, natural , non toxic , eco-friendly and  inexpensive [23] ,[24] 

,[25] ,[26] .Basalt fibers are made from basalt igneous  volcanic rocks from molten 

lava. The extrusion of which is very efficient and also simple manufacturing process 

than its similar fibers. Properties like compressive and tensile strength of basalt 

fibers  are excelled than their counterparts such as that of  fiber E-glass and also it is 

cheaper than the carbon products. Hence, as a reinforcement material , basalt fibers 

have high attention [27],[28],[29],[30].  There is rise in use of natural fibers for the 

manufacturing of lightweight cement as well as polymer composites. Basalt fiber is 

extensively used  and it provides low cost and exhibit great properties over glass 

fibers. And can be used as an alternative to glass fibers [31].Cory high et.al [32] 

used commercially available basalt fiber bars as flexural reinforcement and 

additionally used basalt fibers to produce mechanical strength to concrete members. 

The requirements for serviceability was satisfied and compression failure was 

ensured with the help of basalt fiber bars. The flexural strength of members was 

correctly predicted with the help of  ACI 440.1R-06 code. An increase in 

compressive as well as flexural strength was found with inclusion of basalt fibers. 

The basalt fibers are added in concrete  mixes to provide high performance [32]. 

The performance of concrete can be increased by the addition of fibers with mere 

percent addition. In studies it has shown that by addition of two percent of basalt 

fiber volume with the admixture resulted in compressive strength improvement. 

There was also improvement in strain and split tensile strength results. In elastic 

modulus property, there was little influence from the basalt fibers [33]. Greco et al. 

investigated the basalt fibers' mechanical characteristics. To ascertain the strength of 

various fiber types and surface treatments, single filament tensile tests were 

performed. It was noted that neither the surface treatment nor the place of origin had 

a substantial impact on the fibers' tensile strength [34]. A study on the impact of 

elevated temperatures on the characteristics of basalt fiber was conducted by Zhongyu Lu et al. 

Pultruded polymer plates and roving basalt fiber were utilized in the investigation. Tensile 

strength and elastic modulus were found to decrease for both polymer plates when temperatures 

were raised from room temperature to 200˚C. When the results were compared with other 
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fibers such as E-glass fiber, basalt fiber and its polymer plates showed high tensile 

properties as well as high temperature resistance [35]. 

Basalt fibers can also be used in textile as cross weaved basalt fiber fabric  ( CBFF), 

for designing of surface hydrophobic material having high chemical stability and 

being non toxic , can be used for oil recovery where oil is separated from water 

[36]. Additionally, according to Xinzhong Wang et al., there was a noticeable 

increase in the modulus of rupture and compressive strength of concrete after basalt 

fibers were introduced. Additionally, it was shown that shrinkage fractures dropped 

initially and then gradually increased with an increase in fiber length. It was 

indicated that the ideal length of basalt fiber to employ in concrete was 18 mm [37]. 

Manibalan P et.al also evaluated the optimum content of basalt fiber in concrte. 

They concluded that the mechanical strength parameters were doubled by the 

accession of 0.9% fraction of volume in basalt fibers as the basalt fibers provided 

crack arrest mechanism to the concrete [38]. Francis L King et.al discovered that the 

proportion of fiber content is more crucial than its length for the advancement of 

tensile, flexure and impact strength of the concrete. Also by increasing the fiber 

content there was increase in water absorption [39]. Basalt fiber and its composites 

have shown good resistance to salt and water corrosion when compared with glass 

fibers. The basalt fibers can be used for fire protection and thermal insulation. In 

stressed conditions, the basalt fibers showed great endurance than that of E-glass 

fibers and high thermal stability was also observed. Basalt fibers have recyclable 

property  and good interfacial adhesion. It can be used in RCC structures as rebars 

as it has high strength to weight ratio than that of steel, resistance to external 

environmental factors such as salty, acidic  and alkali medium, heat proof and 

electricity proof. Such properties of basalt fiber makes it feasible alternative to 

polypropylene fibers [40].    

 Hao Zhou et.al noticed that the toughness and crack resistance and compressive 

strength  of the concrete was improved by addition of basalt fibers, but the flexural 

strength does not increased much [41],[44]. The alkali resistance of the basalt fiber 

increased mechanical strength of concrete which were confirmed with mercury 

intrusion porosimeter (MIP) and scanning microscopy (SEM) which showed the 

great bonding among fibers of basalt which enhanced the concrete model [42]. On 
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comparison of basalt fibers and glass fiber, the basalt fibers were concluded to have 

superior properties than glass fibers [43].  

Basalt fiber reinforced polymers (BFRP) can be used to strengthen the reinforced 

concrete structural members, and provides a better alternative for repairing and 

strengthening techniques[45].When basalt fibers are added with E-glass fibers to 

form hybrid fiber reinforced concrete, it exhibits higher resistance to impact, good 

modulus of rupture and stiffness compared with traditional concrete[46]. There is a 

positive result in mechanical properties by using natural fibers[47],[48]. Magnesium 

phosphate cement also provides high temperature resistance and water resistance by 

including basalt fibers in it [49]. Initial setting time, final setting time and bulk 

density had also shown positive results by inclusion of basalt fibers [50].  Basalt 

fibers can replace asbestos as it has greater heat insulation characteristics. Basalt 

fiber and it composites have greater adhesion compared to its carbon counterparts. It 

has wide application in industries like nuclear power plants as eradicative material, 

abrasion resistant pipes for transporting liquid and gases, in concrete as 

reinforcement by forming basalt rebar, for sound insulation , can be used for soil 

stabilization, drainage pipes for agricultural use [51]. Basalt fiber can effectively 

replace glass and carbon fiber. It is a simple material that can be used to develop 

other industrial material [52]. The wide application of basalt fibers as composites 

are in electromagnetic function [53],[54],treatment of water [55],catalytic 

reduction[56], insulation from fire/heat [57], [58], detection of sense [59] and 

antibacterial [60].After surface modification of basalt fiber, various  functional 

composites can also be prepared [61]. 

 

2.3 Literature review on geo-polymer concrete 

Geo-polymers are the materials having chains or networks. Geo-polymer concrete is 

generally made by using waste products like ground granulated blast furnace 

slag(GGBS) and fly ash. Fly ash is produced by thermal power plants as trash , also 

steel plant generates ground granulated blast furnace slag as waste [68],[69]. The 

geo-polymer source material should contain high traces of silicon and aluminum , 

which can be derived by natural materials such as kaolinite as well as from by-

products from blast furnaces, include fly ash and crushed granulated slag [65],[70]. 
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The geopolymerization process starts in the concrete with the help of an alkali 

activated solution, which polymerizes the source materials into molecular chains 

and networks resulting into a hardened binder. Alkali-activated cement and 

inorganic polymer concrete are other names for geo-polymer concrete. The strength 

of the geo-polymer concrete increases with the concurrent rise in alkali-activated 

solution concentration, temperature, and cure time [62]. When there are occurences 

of  sodium sulphate attack and  sulphuric acid attack, geo-polymer concrete can be 

used[64]. By using geo-polymer concrete, there is almost ninety percent reduction 

in carbon dioxide emission in the atmosphere[63]. Geo-polymer concrete is 

promising alternative to conventional binding materials [65],[66]. Larger amount of 

recycled aggregates can be used in geo-polymer concrete [71]. Using geo-polymer 

concrete reduces the carbon dioxide emissions upto eighty percent which is caused 

during cement production. Hence the cost of procurement of raw material for 

cement production will be decreased [72]. Replace all of the ground granulated blast 

furnace slag and meta-kaolin without suffering a noticeable reduction in flexural 

strength [73].  Geo-polymer concrete shows comparable results to those of cement 

concrete in shear- friction characteristics [74]. High performance concrete (HPC) 

can be developed with the formation of geopolymer concrete. HPC was developed 

at ambient conditions where the alkaline solution to binder ratio of 0.25,0.35 and 

0.45 was used in the preparation of metakaolin based geopolymer concrete. Fresh 

and hardened properties of concrete formed were studied. The geopolymer concrete 

with the ratio of activator to metakaolin ratio of 0.3-0.4 was found to have reduced 

water permeability [78].Alkaline solution to binder ratio (A/B) of 0.35 was found to 

have higher strength and water permeability[79]. Alkaleri maetakaolin (AMK ) 

based geopolymer binder  was made with A/B ratio of 0.35 and the fresh and 

hardened concrete properties were investigated. All the results were in accordance 

with the ranges provided by  international standard codes such as ASTM and british 

standard. They concluded that metakaolin powder was qualified to be used as 

metalkaolin based geopolymer binder[80]. 
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              CHAPTER NO.3: EXPERIMENTAL PROGRAM 

 

In this study design mix of M30 grade geo-polymer concrete has been used. The 

components including fine  and coarse aggregates have been tested for their 

physical properties which are required to perform mix design. Meta-kaolin is used 

as the source material in replacement with cement in the geo-polymer concrete. 

Alkali activated solution comprising of sodium silicate solution and sodium 

hydroxide is utilized to begin the geo-polymerization process in the concrete. The 

sodium hydroxide solution is prepared and the solution's molarity is maintained 

within the range of 10 M, 12M, 14M and 16M. The ratio of alkali activated solution 

is taken as 1:1, 1.5:1 , 2:1 and 2.5:1 between sodium hydroxide and sodium silicate 

solutions.The geo-polymer concrete formed was tested for compressive strength , 

tensile strength and flexural strength. Basalt fibers are further added in the geo-

polymer concrete and tested for compressive strength. In weight percentages of 

0.5%, 1%, 1.5%, 2%, and 2.5% of the concrete, the fibers are added. The optimum 

percentage of basalt fiber was determined. Further, to study the microstructure and 

composition of the meta-kaolin based geo-polymer concrete, the XRD analysis, 

SEM, EDS and FTIR analysis has been carried out.    

 

3.1 Material used in research work 

While there are many different source materials that can be utilized to make 

geopolymer concrete, metakaolin clay was employed in this study, and just like with 

OPC, the aggregates made up 75–80% of the total mass of the concrete. The 

components used to make geo-polymer concrete are covered in the sections that 

follow. This section presents the constituent materials' physical and chemical 

properties. The materials listed below are utilized in the study to prepare geo-

polymer concrete:- 

1. Meta-kaolin clay (MK) 

2. Fine aggregate and Coarse aggregate 

3. Alkaline liquids ( sodium silicate and sodium hydroxide) 

4. Basalt fiber 

5. Water 



28 
 

3.1.1 Meta-kaolin clay  

 Meta-kaolin clay is a form of clay mineral that is anhydrous in nature and is 

derived from kaolinite mineral. When kaolinite mineral is calcined at high 

temperatures ( > 600˚C) ,highly reactive meta-kaolin is formed , which is 

amorphous in nature.It is highly reactive aluminosilicate pozzolan. Meta-kaolin is 

utilized as the aluminosilicate raw material in the investigation in replacement with 

cement. 

As meta-kaolin is formed at higher temperature levels, it have high thermal 

resistance. Meta-kaolin can be derived from various raw sources such as deposits of 

pure kaolin and kaolinite deposits. If paper sludge waste and oil sand tailings is 

containing kaolinite mineral in it, then meta-kaolin can be also derived from them. 

The smaller particle size of meta-kaolin lies between that of cement and silica fume. 

Meta-kaolin is sometimes also referred as thermally activated kaolin clays. Fine size 

of meta-kaolin particle is an important parameter which helps in developing 

strength of the geo-polymer concrete. Due to smaller particle size of meta-kaolin, 

the geo-polymer concrete has reduced shrinkage, which is a result of  particle 

packing. Also the geo-polymer concrete has a superior surface polish and a denser 

consistency. 

Table3.1 . General Information of Meta-kaolin clay   

Presentation  Finely divided dry powder 

Colour Off white 

Moisture (%) 0.1-0.5 

Retention on 325 

mesh (%) 
5.0-7.0 

Lime reactivity ( 

Chapelle test ) 
750-1000 

Meta-kaolin 

content 
98% 

 

 

 

Table 3.2 Chemical composition of Meta-Kaolin clay versus Cement  in percent by weight [14] 
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Chemical Composition Meta-

kaolin% 

Cement 

% 

Calcium oxide (CaO) 0.39 63 

Silicon oxide (SiO2) 54.3 34 

Aluminum oxide 

(Al2O3) 

38.3 5.5 

Ferrous oxide (Fe2O3) 4.28 4.4 

Sulphur tri-oxide (SO3) 0.22 1.92 

Potassium-oxide (K2O) 0.50 0.48 

Magnesium oxide 

(MgO) 

0.08 1.26 

Sodium oxide (Na2O) 0.12 0.1 

Loss of Ignition ( LOI)  0.68 1.3 

 

3.1.2 Alkaline solution  

The  alkali activated solution  consisted of mixture of sodium hydroxide and sodium 

silicate solutions. Sodium silicate solution and lab-grade sodium hydroxide pellets 

are used. 

Preparation of Sodium hydroxide solution  

Sodium hydroxide is available in the form of pellets, which are required to 

be added in water to produce the required molar solution. The relative molecular 

mass of sodium hydroxide is 40. For preparing 10 Molar solution of sodium 

hydroxide, One liter of solution is created by dissolving 400 g of sodium hydroxide 

flakes in distilled water after they have been weighed. To construct a one-liter 

solution, take a volumetric flask with a capacity of one liter, and slowly add sodium 

hydroxide flakes to water. 

The alkaline liquid was determined to be a mixture of sodium hydroxide and 

sodium silicate solutions. Technical grade, 3 mm flakes of sodium hydroxide solids 

with a specific gravity of 2.130 and 97% purity were used. One of the two methods 

used to prepare solution, in water  the pellets or flakes had to be dissolved using the 

sodium hydroxide (NaOH) solution. The mass of NaOH solids in a solution varied 

according to the concentration of the solution, which is expressed in molar units, M. 

Take note that water makes up the majority of the NaOH solution and that the 

mass of the solid NaOH was only a small portion of the total mass. This study 

examines the compressive strength of geopolymer concrete for mixes containing 10, 12, 

14, and 16 molarities of sodium hydroxide solution. The proportion of sodium 
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hydroxide to sodium silicate was kept in the range of 1.0:1.0, 1.5:1.0 , 2.0:1.0, and 

2.5:1.0 . The geopolymer concrete that offered the highest compressive strength for 

the aforementioned criterion was chosen for additional research that included the 

infusion of basalt fibers. 

 

3.1.3  Basalt fiber 

Basalt fiber originates from volcanic lava, which is the extremely hot, semi-

fluid liquid beneath the Earth's crust that hardens in the open air, frequent word for 

a variety of volcanic rocks with a grayish-black color is basalt. After that, the 

melted rock is forced through tiny nozzles to create continuous basalt fiber 

filaments. Because basalt fibers are produced without the need for extra additives, 

they offer an additional cost benefit. The fibers found in basalt rock are non-

flammable, explosion-proof, and do not react negatively with air or water. They 

don't interact chemically with other substances in a way that might be hazardous to 

the environment or public health. 

The thermal and hardness characteristics of basalt fiber are good. For ground 

concrete slabs, basalt fibers are a successfully applied foundation material. Basalt 

fibers may be produced industrially for the same or even less money than glass fiber 

thanks to modern technologies. When comparing basalt fibers and materials to 

glass, carbon, and other forms of fibers, they have the most favorable quality-to-

price ratio. 

The ability of basalt fibers to chemically react with cement is what mostly 

affects its mechanical qualities. They have the power to slow the spread of cracks, 

improving the concrete's compressive and tensile strengths. Additionally, they have 

a great resistance to heat and alkali, which increases concrete's longevity. 

Consequently, the impact of utilizing basalt fibers at varying lengths and ratios on 

their mechanical characteristics. 

Basalt fibers are regarded as non-hazardous and environmentally beneficial 

materials. Although this material is not new, its uses in a variety of industrial and 

commercial domains—from building and construction to energy efficiency, from 

automobiles to aircraft—are undoubtedly novel due to its efficient  mechanical, 
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chemical, and thermal properties. Some of the physical and chemical properties of 

Basalt Fiber are listed as  follows 

 

Table 3.3: Basalt fiber’s physical characteristics 

Sr. 

No. 
 Basalt fiber’s physical characteristics Range 

1 Specific Gravity of fiber 2.71 

2 Potential of Hydrogen  >12,<15 

3 Friction Coefficient 0.41-0.51 

4  Content of Moisture 0.09% 

 

Its exceptional qualities include a high modulus, great strength, increased resistance 

to corrosion, and the ability to maintain its strength at a high level for composite 

mixes with varying volume fractions. 

 

3.1.4 Water 

Water was seen to emerge out in the mixture in the course of  the polymerization 

process based on the reaction between chemicals. In the Geopolymer mix , water is 

used to procreate the concrete workable while it is still plastic; it shows zero effect 

on the strength of the concrete once it has hardened. In a similar vein, given the 

same level of workability, the requirement for water rises as source material 

fineness increases. Thus, the degree of workability, fineness, and grading of fine 

aggregate are taken into consideration when determining the minimal amount of 

water needed to produce the specified workability.  

3.1.5   Aggregate  

Inert mineral filler that makes up 70–85% of the volume of concrete is called 

aggregate. In order to minimize voids in the concrete mass, fine and coarse particles 

are combined when making geopolymer concrete. Fine aggregate was graded in 

order to achieve this, and an appropriate fine-to-total aggregate ratio was chosen. 

The grading of fine aggregate affects the workability of geopolymer concrete in a 

manner similar to cement concrete. Thus, for the suggested mix proportioning 
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approach shown in Fig. 2, The fine aggregate's grading determines the fine 

aggregate to whole aggregate ratio. 

   

3.2 TEST ON AGGREGATE  

Practical experiments performed on fine aggregate 

Fine aggregates were investigated for the below test procedure: 

i.  Modulus of fineness of aggregate 

ii. Fine aggregate’s specific gravity 

 

Practical experiments performed on Coarse aggregate 

Fine aggregates of size 10mm and 20mm were investigated for the below test 

procedure: 

i Coarse aggregate’s Specific gravity 

ii Crushing value test  

iii Aggregate impact test  

iv Finesse modulus 

v Elongation index test 

vi Flakiness index test 

 

 Fine Aggregate (IS 303-1970) 

Concrete is made up of separate aggregate bits joined together by cement; the 

cement paste constitution largely determines the characteristics of  finished product. 

The connection between the aggregate and cement paste affects its strength as well. 

Whatever being the aggregate strength, strong plaster or a strong binding between 

the paste and aggregate are necessary for producing strong concrete, and without 

either, poor-quality concrete will be produced. which naturally occurring aggregates 

are robust enough to produce concrete with a standard strength  

Numerous tests have been performed on Fine aggregates to determine its quality 

and grading, including specific gravity, absorption of water, impact strength, 

crushing strength. Tests have been performed on sand, and the outcomes are listed 

below. In accordance with IS 383-1970, natural sand is utilized. 
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3.2.1.1 FINENESS TEST ON FINE AGGREGATE  

Sample No. 1:- 

Table No. 3.4 Observation table for fine aggregate’s modulus of fineness 

Size of Sieve 
Retain mass 

in gms 

Cumulative 

mass 

retain 

Collective 

mass retain 

(%) 

Mass passed 

(%) 

4.75 mm 198 198 19.80 90.20 

2.36 mm 160 258 25.80 74.20 

1.18 mm 320 578 57.80 42.20 

600 µ 231 809 80.90 19.10 

300 µ 089 898 89.80 10.20 

150 µ 090 988 98.80 01.20 

Pan 012 1000 100 - 

 

 

Fineness modulus = sum of cumulative % of mass retained on the sieve / 100 

= 462.9 / 100 

 

= 4.629 
 

Sample No. 2 

Table No.3.5 Observation table for fine aggregate’s modulus of fineness. 

Size of Sieve 
Retain mass in 

gms 

Cumulative 

mass 

retain 

Collective 

mass retain 

(%) 

Mass passed 

(%) 

4.75 Mm 110 110 11.00 89.00 

2.36mm 178 288 28.80 71.20 

1.18mm 347 635 63.50 35.50 

600 µ 210 845 84.50 15.50 
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Fineness modulus =sum of cumulative % of mass retained on the sieve / 100 

                                = 479.60 /100 

                             =4.796 

Sample No.3 

Table No.3.6 Observation table for fine aggregate’s modulus of fineness 

Size of Sieve 
Retain mass 

in gms 

Cumulative 

mass 

retain 

Collective 

mass retain 

(%) 

Mass 

passed 

(%) 

4.75 mm 079 079 07.90 92.10 

2.36 mm 163 242 24.20 75.80 

1.18 mm 380 622 62.20 37.80 

600 µ 249 871 87.10 12.90 

300 µ 107 978 97.80 02.20 

150 µ 012 990 99.00 1.00 

Pan 010 1000 100.00 - 
 

Fineness modulus = sum of cumulative % of mass retained on the sieve / 100 

                             =478.20 / 100 

                             =  4.782 

 

As fineness is above 3.50 the given sample is very coarse 

Fine aggregate confirms to grading zone II 

Average of fineness modulus of the fine aggregate = 4.735 

 

3.2.1.2 Specific gravity of the fine aggregates 

 

Table No.3.7 Table of observations regarding specific gravity of fine aggregate 

300 µ 925 940 94.00 06.00 

150 µ 038 978 97.80 02.22 

Pan 022 1000 100.00 - 
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S. No. Observation Sample wt. (gms) 

1 Wt. Of the sample taken 500 

2 Mass of pycnometer (m1) 460 

3 Mass of pycnometer + sample (m2) 910 

4 Mass of pycnometer + sample + water (m3) 1537 

5 Wt. Of pycnometer + water (m4) 1253 

6 Wt. Of the oven dry sample 450 

 

Specific gravity (g) = 450/450−284 

                                = 2.71 

 

Table No. 3.8 Evaluation of Fine aggregate properties  

S. No. Performed test      Evaluation  

01 Fineness modulus 4.735 

02 Specific gravity 2.70 

 

3.2.2 Coarse Aggregate: 

If the concrete can be placed easily and completely surrounds all reinforcement, 

filling the form's corners, the maximum size of coarse aggregate should be 

permissible within the given consideration, but it can not be exceeded than one-

fourth of the minimal member thickness. The aggregate with a 20 mm size will be 

utilized in accordance with IS 383-1970. Sand, gravel, and naturally occurring 

stones—either crushed or uncrushed—or a combination of these—must make up 

aggregate. They must be devoid of adhering coating, veins, and harmful magnitude 

of broken pieces, alkali, degradable matter, and other harmful materials. They must 

also be sufficiently hard , extremely strong, durable, and clear of any organic  matter. 

Flaky, coriaceous, as well as elongated parts should be avoided at all costs. This 

investigation will employ 20 mm-sized crushed angular coarse material that is readily 

available locally and complies with IS 383:1970. 
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3.2.2.1 Pycnometer bottle technique for determining the coarse aggregate's 

specific gravity 

Table No. 3.9  Table of observation  for  determining specific gravity of  coarse  

aggregate 

 

Table of observation 

Weight of sample 1 

in gm 

Weight of sample 

2 in gm 

Wt. of sample 2000 2000 

Initial wt. of Agg. under water W1 2050 2050 

Wt. of empty basket under water W2 800 800 

Wt .of saturated surface dry Agg. in air W3 2019 2012 

Wt. of oven dryAgg. in air W4 1987 1986 

Specific gravity (G) = (3 - (1 – 2 ) 

 

Sp. Gravity of coarse agg. Sample = 2.59 

 

3.2.2.2  Test for determining the crushing value of coarse aggregate 
 
Table No. 3.10 Table of observation for determination of  coarse aggregate’s 

crushing value 

 S. No Recorded observation 

 Weight of 

specimen 1 

Weight of 

specimen 2 

Weight of 

specimen 3 

 1 Sample weight 4000 gm 4000 gm 4000 gm 

 

2 

Wt. of the sample 

passing through the 

2.36 is sieve 820 gm 812 gm 

818 

gm 

 

 

   

Aggregate crushing value for the sample 1 

= (820/ 4000) x 100 
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 = 20.5 % 

 

Aggregate crushing value for the sample 2 

=( 812 / 4000 )  x 100 

= 20.3 % 

 

Aggregate crushing value for the sample 3 

=  ( 818 / 4000 ) x 100 

= 20.45% 

Average aggregate crushing value = ( 20.5 + 20.3 + 20.45 ) / 3 

= 20.41 

 

3.2.2.3  Impact value test for coarse aggregate 

 

Table No.3.11  Table of observation  for determining  the  impact value of 

coarse aggregate 

S. No. Examination Specimen 1 Specimen 2 Specimen 3 

1 Sample weight 500 gm 500 gm 500 gm 

2 

Sample weight 

after impact on 

passing through 

2.36 sieve 

45 gm 52.5 gm 38.5 gm 

  

 

Coarse Aggregate’s impact value for sample 1 = 45/500 x 100 = 9% 

 

Coarse Aggregate’s impact value for sample 2 = 52.5/500 x 100 = 10.5% 
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Coarse Aggregate’s impact value for sample 3  = 48.1/500 x 100 = 9.62% 

Average value for impact of coarse aggregate = 9.70% 

As the average value for impact of coarse aggregate is coming less than ten percent, 

the aggregates are strong enough for investigation purpose. 



3.2.2.4   Modulus of fineness for coarse aggregate 

 

Weight of aggregates taken for the experiment = 5000 gm 

Table No. 3.12 Sieve analysis of coarse aggregate 

 

Sieves in 

accordance 

with IS 

 Retain weight 
Cumulative 

retain weight 

Collective 

Retain weight 

in percent 

 

Cumulative 

weight passing 

through it in 

percent 

 

20 mm 2364 2364 47.28 52.72 

10 mm 2347 4711 94.22 5.78 

4.75 mm 169 4880 97.60 2.40 

Pan 120 5000 100 - 

 

Fineness modulus = 339.1 /100 

=  3.3 

 

 

3.2.2.5 Test for Elongation Index  ( IS: 2386 (Part I) – 1963) 


The Elongation Index Test in accordance with IS: 2386 (Part I) – 1963 is used in 

this section.  

 

1 The percentage of particles by weight whose largest size (length) is larger than 

one and a quarter times (1.8 times) their mean size dimension is known as the 

elongation index of an aggregate. 



39 
 

2. Sizes smaller than 6.3 mm are not suitable for the elongation test.  

3 Flaky and elongated particles should be exempted. 

 4 If flaky and elongated aggregates are present in significant amounts, the strength 

will be negatively impacted because of the potential for failure under loads. 
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Test Result 

Elongation Index 9.70 

 

3.2.2.6   Coarse aggregate’s flakiness Index in accordance with  IS: 2386 (Part 

I) – 1963) 

1. The Coarse aggregate flakiness index is calculated as the weight percentage in 

which the smallest dimension in thickness is less than three-fifths of their average 

dimension.  

2.  Aggregates having size below than 6.3mm are not considered for the above test. 

 

 

 

 

Table No. 3.13 Test results for coarse aggregates  

S. No Name of the experiment Result 

1 Specific gravity 2.59 

2 Test for Crushing value 20.41 

3 Test for Impact value  9.70 

4 Modulus of fineness 3.39 

5 Elongation Index 9.70 

6 Flakiness Index 8.5 

 

3.3 Mix Design for M30 Geo-polymer concrete 

3.3.1 Information Needed for Mix Design  

1. Meta-kaolin based geopolymer concrete's compressive strength (fck) 

2. The fineness (in m2/kg) of the raw materials, such as meta-kaolin clay  

3. The geopolymer concrete's workability in terms of flow (mm)  

4. Curing technique, such as heating an oven to 60 °C for a full day.  

5. Aggregate fineness modulus (coarse and fine)  

6. The value of w/c ratio and absorption for coarse and fine aggregate  

Test Result 

Flakiness Index 8.5 
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Design procedures that are utilized to determine the appropriate mix proportion of 

geopolymer concrete based on meta-kaolin clay are listed below. [Patankar] 

 

3.3.2 Design Steps 

 

1. M30 Geo-polymer concrete's target mean strength (Fck) 

Fck is equal to fck + 1.65 x S.  

In accordance with IS 456-2000, Table 1 is used as the value of S in clause 9. 2. 4. 

2. 

 2. Quantity of meta-kaolin clay (MK)  

The mean target strength  and fineness of meta-kaolin at alkaline solution to meta-

kaolin ratio of 0.35 from the following figure determines how much meta-kaolin 

clay powder is needed. 

 

 

Figure 3.1 . Compressive strength for different fineness at solution-to-flyash 

ratio [12] 
   
3. Calculation for alkaline activator solution quantity 

The alkali activator solution quantity is determined by applying a mass-based 

alkaline solution to meta-kaolin ratio of 0.35[77]. The quantity of both the solution 
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is computed by utilizing the needed mass ratio of sodium silicate and sodium 

hydroxide. 

4. Total Solids present in Alkaline Solution 

Using the percentage of solids in each solution, determine the solids present  in 

sodium based solution. 

5. Quantity of Water 

The degree of workability and the total water required, which includes water found 

in both the constituents of alkali solution, determine how workable geopolymer 

concrete is. By using below table, determine the total water required to satisfy the 

workability depending on the meta-kaolin fineness. 

Table 3.14: Quantity of required water per meter cube of concrete 

Workability level Percentage flow Required water in Kg/m3 

depending on fineness in 

m2/Kg >500 

Low  >0, <25 110 

Medium 25≥, <50 120 

High 50≥, <100 135 

Very high 100≥, < 150 160 

 

6. Required correction for Water Content 

The quantity of coarse aggregate and sand in concrete makes up roughly 70–85% of 

the total volume. Similar to coarser particles, finer particles require more water to 

create a workable mix since they have a larger surface area. A few adjustments to 

the water content were recommended by IS 10262 for the cement concrete mix 

proportioning based on the fine aggregate grading. Water's function in the 

geopolymer concrete is to increase the work condition of material. Therefore, it is 

advised that the same adjustment be made to the Geopolymer  in the suggested mix 

design based on the fine aggregate grading zone. Below table displays the 

adjustment of the water content for concrete based on the fine aggregate grading 

zones. 
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Table 3.15: Required water correction per meter cube of concrete 

Grading zone in accordance with IS 

383(20) 

Required water correction in w/c 

content in percent 

  I -1.5 

II ____ 

III +1.5 

IV +3 

 

7. Calculation of Additional Quantity of Water 

Alkaline solution are employed in the geopolymer concrete which contain a specific 

amount of water based on its concentration. However, more water may be added 

externally to the mixture in order to meet workability criteria. This can be estimated 

as follows: 

Additional water quantity, if needed 

= ( Total water quantity ) - (water contained in alkaline solutions)  

8. Densityof Geopolymer Concrete in wet condition  

Based on the fineness of  meta-kaolin, choose the geo-polymer concrete's wet 

density. 

 

Figure 3.2: Relationship between density of geo-polymer and fineness 

9.  Calculation of Fine aggregate to Aggregate in total Content 

Depending on the fineness modulus of the fine aggregate, the quantity of fine 

aggregate and total aggregate content is obtained from below figure. 
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Figure 3.3: Relationship between aggregate content and modulus of fineness 

 

10. Calculation of  quantity of both the aggregates 

The quantity of aggregates is computed by using the steps described  below. 

 

Aggregate quantity = (Geopolymer concrete wet density) - (Quantity of meta-kaolin 

+ water added in addition) 

Quantity of sand = (Fine aggregate to aggregate in total content in %) * (aggregate 

quantity)  

Quantity of coarse agg. = ( Aggregate quantity)- (quantity of sand ) 

11. Material quantity needed depending on Field Conditions 

 Aforementioned mix proportion was determined under the presumption that the 

aggregate is both surface dry and saturated. Divergence if any from this 

requirement, such as aggregates are wet, dried in air, or sunbaked, requires adjusting 

the amount of water mixed with the aggregates 

 

3.4 . M30 Grade geo-polymer concrete design mix  

Using Suggested Technique The suggested method is used to carry out a sample of 

mix proportion for M30 GPC , which is based on the procedures covered in the 

previous section.   

Initial design data required to carry out design 

1. Geopolymer concrete compressive strength (fck) : 30 MPa. 

      2.    Curing method used :  samples are cured in oven at 60 °C for one full day  
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      3.  Flow required : between 25 to 50 percent  (Medium workability) 

      4. Metakaolin clay fineness : 710 m2/kg 

      5. Activators used :  Sodium based 

           (a) Sodium hydroxide concentration: 10M 

           (b) Sodium silicate solution concentration : 50.31 %  

      6.  Alkaline Solution to meta-kaolin ratio : 0.35 by mass 

      7.  Mixing ratio of sodium silicate solution and sodium hydroxide:  2 

      8. Property of fine aggregate 

           (a) Specification: zone-II sand , Modulus of fineness : 4.7 

           (b) Absorption of water by aggregate: 3.6 % 

           (c) Any amount of water content in aggregate : no 

      9. Property of coarse aggregate 

           (a) Specification: angular crushed 

           (b) Size used: 20 mm maximum 

             (c) Absorption of water by aggregate: 0.9 % 

             (d) Any amount of water content in aggregate : N0 

 

3.4.1  Steps for design of M30 meta-kaolin based GPC 

 

1. Mean strength targeted in study 

Fck = 38.25 MPa 

2. Metakaolin clay quantity 

The meta-kaolin quantity is 300 kg/m3  for 38.25 MPa strength at 0.4 ratio of alkali 

solution to meta-kaolin  

3. Alkaline activator quantity 

The ratio of mass for alkaline solution to meta-kaolin = 0.35 

Total weight of  (Na2SiO3 +  NaOH ) / meta-kaolin  = 0.35 

Mass of( Na2SiO3 +  NaOH)  = 0.35 X 300 

Mass of (Na2SiO3 +NaOH)=120  kg/m3 
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If the ratio of  sodium silicate and sodium hydroxide is  2, then 

Quantity of NaOH  = 40 kg/m3 

Quantity of Na2SiO3 = 80  kg/m3 

4. Total solid content in AAS 

Sodium silicate content of solid = (50.31 /100) * 80 

                                        = 40.248 kg/m3 

Content of solid in NaOH = (38.5/100) * 40 

                                          = 15.4  kg/m3  

Final content of solid in AAS  = 40.2480 + 15.4 = 55.648 kg/m3 

5. Water content 

Medium workability requires 120 kg/m3 of water content from table 3.2 

6. Alkaline solution water content 

Alkaline solution water quantity = 120 – 55.648  = 64.352  kg/m3 

7. Quantity of water added extra calculation 

= [Water quantity total] − [Alkaline solution water content] 

= 120  − 64.325  = 55.675 kg/m3 

8. Density of GPC 

The density of GPC is 2730.17 from figure 3.3 

9. Fine aggregate to whole aggregate content selelction 

Figure 3.2, modulus of fineness of sand is 4.7 which gives the aggregate content as 

41.23% 

10. Aggregate content of sand and CA 

Quantity of total aggregate =  GPC density - Meta-kaolin qty +  AAS qty +  water 

additionally added 
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                               =  2730.17  -  (300 +  120 + 55.675 ) 

                               =  2254.5 kg/m3 

Quantity of sand  = (sand to total aggregate content in %) * (quantity of total 

aggregate) 

= (41.23 /100) *  2254.5 

             = 929.5  kg/m3 

 

Quantity of Coarse agg. = (Qty. of  total agg.) - (Qty. of sand ) 

                           = 2254.5 – 929.5  

                                       = 1325 kg/m3 

 

Table 3.16 Quantity of materials for M30 meta-kaolin GPC 

3.5 Preparaton 

3.5.1 Preparation of alkali activated solution , 

Sodium hydroxide solution prepared with distilled water and Na2 SiO3 solution 

were combined in order to create the alkali activating solution (AAS) used in GPC 

mixes. In order to prepare solution of NaOH with a 13molarity (13M), for example, 

520 grams of  NaOH solids were mixed in distilled water to form one liter. The 

necessary solution concentration, which is stated in molarity, M, will determine the 

weight of solids to be added. The process of polymerization that occurs when 

sodium hydroxide and sodium silicate solution are combined releases a significant 

amount of heat, meaning that the alkaline liquid that is created needs to be used 

within 24 hours for more exploration.  

GPC MK NaOH Na2 

SiO3 

FA CA Total 

water 

Ex. 

water 

Qty. in 

kg/m3 

300 40 80 929.5 1325 120 55.675 

Ratio  1 0.4 3.09 4.41 0 .4 0.185 
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The GPC used in this investigation was made with several concentration of Sodium 

hydroxide, ranging from 10 M, 12 M, 14 M, and 16 M. Additionally, the ratio of 

sodium hydroxide to sodium silicate was maintained within the range of 1 to 2.5. 

For additional research, the geopolymer concrete with the highest compressive 

strength was selected.  

Table 3.17 Quantity of materials for different ratio of AAS for M30 meta-

kaolin GPC 

Solutio

n to 

MK 
ratio  

MK 

(Kg

/ 

m
3

)  

Fine 

to 

Tota
l 

agg. 

ratio  

CA 

Kg/ 

m
3

  

FA 

 

Kg/ m
3

  

Na 2Si 

O3 

:NaO

H 

Sodiu

m 

silicat
e 

Kg/ 

m
3

  

Sodium 

Hydroxi

de 

Kg/ m
3

  

Extra 

water 

Kg/ 

m
3

  

0.4  300 0.41  1355  930.3  1  60 60 50.22  

0.4  300 0.41 1354  930.2  1.5  72 48  53.72  

0.4  300  0.41  1325  929.5 2  80  40 55.67

5  

0.4  300  0.41  1352 929.7  2.5  85.72  34.28  56.43  

  

 

3.5.2 Geopolymer Concrete Casting 

The meta-kaolin GPC binder and  aggregates were firstly combined  on a pan for 

roughly 2 to 3 min in lab until uniform color. After adding liquid component of the 

mixture, the ingredients are mixed for an additional four minutes on average. The 

purpose of adding sodium silicate is to speed up the geopolymerization process. In  

mixer, meta-kaolin and alkaline activator were combined until a homogenous paste 

was produced. To cast the specimens,  mixture prepared is poured into moulds into 

three layers alongwith tamping with rod in between the layers. 

 

3.5.3Geopolymer Concrete Curing  

Curing plays significant role in assessing the strength of concrete, hence it is of 

utmost importance to select proper curing method. 

It is commonly advised to heat cure GPC since the strength of GPC is found to be  

influenced by both the temperature and the duration of curing.The demoulded 

specimens were place in oven at 60°C for one day curing. Afterwards, they were left 

in open air. 
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3.5.4 Preparations of Specimens for testing purpose  

Each test required different sizes of specimen.  

i. Flexural strength was calculated by using (100 x 100 x 500 ) mm beam size  

ii. Compressive strength was calculated by using 150mm size cubes.  

iii.  Split tensile strength was calculated by using150 mm Diameter x 300 mm 

Length cylinder. 

 

3.6. Test Performed on Geopolymer concrete    

 On hardened metakaolin based GPC, below test were executed for strength 

determination: 

i) Strength  test for compression 

ii) Strength test for flexure 

iii) Strength for Split tensile  

 

3.6.1 Compressive Strength Test: 

Concrete characteristic that is vital for the longevity and structural integrity 

of concrete constructions is its strength in compression. It gauges the concrete's 

resistance to axial loads, or forces that would otherwise squeeze or crush the 

substance. In order to ensure that concrete can hold applied loads without failing, 

compressive strength is vital parameter taken into consideration during the design 

and evaluation of concrete constructions. The ability of concrete to bear applied 

load on its exposed surface without showing any deformation and cracking  is 

referred its compressive strength. Materials typically shrink when compressed, yet 

they elongate when under tension stresses. 

Compressive strength is computed when the area of cross section in  

specimen fails under the applied load. Test were performed at intervals of  7 days, 

14 days and 28 days on standard cube size 150mm. 

 

. 
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The following expression was utilized in assessing compressive strength: 

                          Fcomp =  P comp / A 

Where  Pcomp = Compression at failure load, N 

A = Surface area of cube on which load is applied, mm2 

Fcomp = Calculated compressive strength, N/mm
2 

 

 

 

 

 

Figure. 3.4  Compressive Strength Test on Geopolymer concrete  

 

3.6.2  Test for Flexural Strength : 

The concrete tensile strength is determined by flexural testing. It helps to evaluate  

beam resistance to failure in bending without the presence of reinforcement. The  

rupture modulus (MR) describes the results of strength of flexure performed on 

specimen. The load at centre or at one third length can be provided to specimen for 

testing the flexure on concrete. 

It is determined that by providing center load  yields a modulus of rupture result that 

is approximately 15% less than the load applied to the setup for one third length . 

Furthermore, bigger size concrete specimens resulted in low modulus of rupture. 

Also, the  rupture modulus is 10 to 15 percent of  strength of concrete in 
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compression, which is dependent upon  aggregate volume, its size and ratios at 

which the aggregate were utilized in the specimen preparation. 

 

The expression employed for finding flexural strength is stated:  

Fflex= P flex * L / b * d 3    or 3 P flex  / b * d2 

Where, 

F flex= Strength in flexure , N/mm 2 

Pflex  = Laod in centre at failure , N 

L = beam length, mm 

b = beam width, mm 

d = beam depth, mm 

a = The separation between the fracture line and the closest support, mm 

 

 

 

 

Figure No. 3.5 Flexural Strength Test: 
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3.6.3 Split Tensile Strength Test: 

An important mechanical parameter to assess the split tensile strength of 

cylindrical concrete specimens is the test for Split Tensile strength. The splitting tensile 

test evaluates the material's resistance to tensile forces, in contrast to conventional 

compression tests, which determine the concrete's compressive strength. Engineers can 

evaluate the strength of a cylindrical specimen by placing diametrically opposing forces 

on it until it fractures. Tensile strength is vital criterion for analyzing the structural 

integrity and concrete’s durability in  variety of construction applications. The test 

results add to our knowledge of concrete's mechanical behavior overall and offer 

insightful information about the material's capacity to bear tension. 

The fundamental and significant concrete characteristics that provides a 

significant impact on degree and amount of crack present in structures is defined by its 

tensile strength. Furthermore, due to brittle character, the concrete performs weakly 

under tension. It is therefore not able to perform in tension. In other words, when 

tensile pressures are greater than tensile strength, concrete fractures. To ascertain the 

load when structural member shows fracture, it is imperative to find the tensile strength. 

Additionally, one way to ascertain the strength of concrete is to do test on tensile 

strength on a cylindrical specimen. 

A popular procedure for figuring out the concrete strength is split tensile test. 

Many methods has been devised to assess the tensile strength due to the challenges 

associated with performing the direct tension test. In these tests, a concrete specimen is 

typically subjected to a compressive force in a way that the member fails as a result of 

tensile strains that are created within the specimen.  150 mm diameter and 300 mm 

height cylinder was subjected to a split strength test. Cylinder specimens' split tensile 

strength is ascertained by sandwiching them into the two plates of the machine for 

compression test. Thickness of 3 mm , 25 mm wide, and length of  300 mm plywood 

strips were positioned in between plates and surface of the concrete member. 
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The expression for analyzing split tensile strength is depicted below 

Fsplit  = 2* Psplit  / π* D* L 

Where, 

Fsplit  = Split Tensile strength in  Mpa 

Psplit = Failure load, N 

L = Cylindrical specimen length , mm 

D = Cylindrical specimen diameter, mm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.6 Split Tensile Test 
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3.6 .4 Energy Dispersive X-Ray Spectroscopy (EDS) 

 

Energy-dispersive X-ray spectroscopy (EDS), sometimes shortened to EDX or XEDS) 

allows elemental and chemical examination of various substances. When any substance 

is activated by any source of energy, such an beam of microscope's electron, some  

absorbed energy is released as  core-shell electron. Then, electron in outer-shell with a 

high energy moves into its stead, releasing the energy difference as an X-ray with  

distinct spectrum determined by the atom from which it originated. This makes it 

possible to analyze the composition of a sample and its volume that has been electrified 

by the source of energy. The elemental constitution may be identified by its position of 

spectrum, and concentration of which can be derived by the intensity of signal. 

      EDS analysis can be accurately used to discover the elements constituting a given 

sample. In determination of  metallic coating layers and analysis of any alloy, the EDS 

can be employed. The original sample nature also affects the accuracy of the 

composition measured. EDS emits X-ray beams in all directions of sample. The beams 

are absorbed by the sample, measurement of the absorption helps in estimation of 

composition of material.  

 

 

 
 

Figure 3.7: EDS analysis of metakaolin GPC 
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3.6.5  X-ray diffraction analysis (XRD) 
 

X-ray diffraction is a method utilised to find out atomic and molecular structure of the 

crystalline materials. XRD is most commonly adopted for identification of constituents 

such as  minerals and metals products found inside the solid material. It is widely used 

to find out the material composition and also for discovering any source of unwanted 

deposits. XRD can also provide insight into the other structural parameters such as the  

average grain size and distribution of strain. 

Solid mineral or the powdered form of the samples are required for submission. The 

materials which are available in solid form are crushed into fine powder, to be 

transferred to the sample stage. XRD patterns are generated with the help of instrument 

called goniometer, which when rotated around the sample material at specific angles, 

bombarding of the X-ray takes place. As a result of which the distribution of atoms 

within the lattice takes place, the  peak intensity of this diffraction pattern is noted 

down. The X-ray diffraction patterns are fixed for a specific material determined by the 

periodic arrangement of atoms. The XRD output data is in the form of counts ( intensity 

) versus degrees 2-theta.  

XRD analysis was carried out on sample of  meta-kaolin geo-polymer concrete. The 

test has been conducted to study the cystallinity of the meta-kaolin based geo-polymer 

concrete . it provided the detailed data about the structural charactersitics , chemical 

constituents and physical properties of  meta-kaolin geo-polymer concrete.  
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Figure 3.8. Intensity versus degrees 2 theta graph of Metakaolin GPC 

 

 

3.6.6  Fourier transform infrared spectroscopy ( FTIR ) 

 

Fourier transform infrared spectroscopy (FTIR) is rapid, efficient ,economical 

, easy  and undestructive analysis. FT-IR spectroscopy is the most useful method not 

only for determining the composition and structure of clay minerals, but also 

for studying the interaction of clay minerals with inorganic or organic 

compounds. FTIR is a very useful technique for determining the identity of pure 

compounds, but its value is limited when used on mixtures of compounds. 

This method is based on the identification of functional 

groups in a molecule, such that these groups vibrate (stretch or bend in different ways) 

when irradiated with light of a specific wavelength. These oscillations and  intensity in 

percent transmission are plotted against the frequency (cm²) of light at which the 

sample was kept, producing the FTIR results .  

A range of infrared region is produced in spectrometer. When the sample is exposed to 

this region, radiation of specific wavelength is absorbed by the materials. The 

molecules present in the material travels to excited state from ground state. This energy 

gap between the molecules determines the intensity of absorption. Most of the 
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molecules absorb infrared radiation except O2, N2 and Cl2. All the samples in the form 

of liquid, gas and solid can be  analyzed for FTIR. 

 

 

 
 

Figure 3.9: (A) different techniques of FTIR. (B) FTIR spectra example 
 

In a typical  FTIR, specimen is kept between the source of infrared beam and detector. 

Tablet form of the sample is prepared by mixing it with KBr. Quantative analysis of the 

materials like liquid and gas can be done with transmission type of FTIR. Surface 

properties can also be mapped if combined with micro FTIR. 
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In diffuse reflection  technology, the KBr is added to specimen  and diffusion of the 

infrared beam occurs as it makes contact with specimen. The mirror sends the scattered 

signal to a detector. Very less specimen quantity preparation is required, which can also 

be used to obtain various data such as qualitative and quantitative for powders. 

 Specular reflectance method takes into account the reflected light  from the sample 

surface and allows investigation to be made about the sample's absorbance. Method is 

used to reveal variety of surfaces. This method can be used in combination 

with microprobes. 

 In Attenuated total reflection (ATR), infrared light is reflected back 

from highly refractive and optically dense crystals. A wave thus formed travels partially 

outside the crystal, while partial absorption is possible when sample is in contact 

with the crystal, attenuating that wave. Variety of powders and liquids can be studied 

by this way. 

In particular, the latter two methods, specular reflection and ATR, gives excellent 

results for dry and wet powder samples which requires very minimal sample 

preparation. 

 
 

Figure 3.10. FTIR graph of metakaolin geo-polymer concrete 
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3.6.7  Scanning electron microscopy (SEM) Analysis 

 

Scanning electron microscopy ( SEM ) generates image of  specimen. It is non 

destructive method in a way that there is no loss in volume of sample. High resolution 

images are developed which helps in better understanding of material structure and 

organisation. Solid samples can be tested for SEM. The physical size of sample 

particles can be found. 

 

 
 

Figure 3.11: SEM Image Of Meta-Kaolin Geo-Polymer Concrete 
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CHAPTER 4:  RESULTS 
 

Table 4.1 : Workability of meta-kaolin based geo-polymer concrete 

Molarity of AAS  Sodium silicate : sodium 

hydroxide  

Flowing diameter (mm ) 

10 M 1:1 35 

1.5:1 33.33 

2:1 29.3 

2.5:1 26.8 

12 M 1:1 29 

1.5:1 29 

2:1 28 

2.5:1 27 

14 M 1:1 27 

1.5:1 27 

2:1 25 

2.5:1 25 

16 M 1 :1 24.8 

1.5:1 23.6 

2:1 23 

2.5:1 23 

 

The table shows the relationship between molarity of AAS and flow diameter for 

different ratios. The molarity is increased from 10M to 16M,  flow diameter is found to 

be reduced. Also,the flow diameter reduces with increase in mixing ratio of alkali 
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solution. The high molarity and high mixing ratio of AAS, shows significant loss in 

workability of  meta-kaolin GPC. The flow diameter of GPC is inversely dependent on 

the sodium hydroxide molarity as well on the mix ratio of sodium silicate solution and 

sodium hydroxide solution in  AAS.   

 

Table 4.2 : Table of observation for M30 Meta-kaolin GPC compressive strength  

Molarity Sodium 

silicate : 

sodium 

hydroxide 

7 days  14 days  28 days 90 days 

10 M 1.0:1 21.2 33.7 45.8 47 

1.5:1 21.6 34.2 46.1 48.2 

2.0:1 22.4 34.8 46.7 48.9 

2.5:1 23.1 35.3 48 50.3 

12 M 
1.0:1 21.9 34.9 45.4 46.9 

  
1.5:1 22.3 35.7 47.1 49.2 

  
2.0:1 22.8 38.1 48.8 50.1 

  
2.5:1 23.5 38.8 49.2 51.6 

14 M 
1.0:1 22.7 35.5 46.2 49.3 

  
1.5:1 23.4 37.1 48.1 50.8 

  
2.0:1 23.9 39.4 49.3 51.2 

  
2.5:1 24.1 39.9 50.4 52.5 

16 M 
1.0:1 21.4 32.1 39.3 40 

  
1.5:1 21.7 32.6 39.8 40.2 

  
2.0:1 22.3 33.4 40.2 41.9 

  
2.5:1 23.5 33.7 40.7 42.3 
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A rising trend in compressive strength was recorded for increase in molarity of NaOH 

solution upto 14M after which the strength was decreased. Similar trend was also 

observed with rise in the mixing ratio of AAS. It showed  no further increment in the 

strength of concrete.  

 

Graph 4.1. Comparison of 28 days strength of Metakaolin geopolymer concrete 

with Conventional  concrete  

 

Compressive strength of  Metakaolin geopolymer concrete was higher than cement 

concrete by 77.4 %. Split tensile strength and Flexure strength of Metakaolin 

geopolymer concrete was higher than cement concrete by 76.22 % and 54.23% .  
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       Graph 4.2. Compressive strength of BFRGC using 3 mm Basalt fiber  length 

The strength of concrete was discovered to be increased with increase in basalt fiber 

addition of length 3mm. 2.5% fiber volume addition provided excellent results.  

 

 

            Graph 4. 3. Compressive strength of BFRGC using 6 mm Basalt fiber length 

2% of  6 mm fiber length addition in metakaolin geopolymer concrete, the maximum 

strength was  achieved. The compressive strength increased upto 2% , after which 

further addition of fiber resulted in strength decrement.  
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         Graph 4.4. Compressive strength of  BFRGC using 12 mm Basalt fiber length 

 The compressive strength was found maximum at 1%  fiber inclusion in meta-kaolin 

geo-polymer . The compressive strength increased upto 1% , after which further 

addition of basalt fiber does not significantly increased strength. 

 

 

         Graph 4.5. Compressive strength of  BFRGC using 18mm  Basalt fiber  length  
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For 18 mm basalt fiber addition in meta-kaolin geo-polymer concrete,0.5% addition of 

fiber provided maximum compressive, after which further addition of  fiber resulted in  

decrease of strength. 

 

 

           Graph 4.6. Compressive strength of BFRGC using 24 mm Basalt fiber length  

 

For 24 mm basalt fiber addition in meta-kaolin geo-polymer concrete, the compression 

strength recorded was more than that of cement concrete. But dosage of Basalt fiber 

addition should be kept less than 0.5%. 

 

 

Graph 4.7. Split tensile strength of BFRGC using 3 mm Basalt fiber length 
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The  split tensile strength was found to increase maximum upto 2.5% basalt fiber 

inclusion in geo-polymer concrete if fiber length was kept 3mm.  
 

 

 
 

Graph 4.8. Split tensile strength of BFRGC using 6 mm Basalt fiber length 

 

When 6mm basalt fiber in length was added in geo-polymer concrete, split tensile 

strength increased upto 2% increment in basalt fiber afterwards decrease in trend was 

noticed.  
               

 
 

Graph 4.9. Split tensile strength of BFRGC using 12 mm Basalt fiber length 
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For 12mm length of basalt fiber , the maximum split tensile strength was recorded at 

1% addition of basalt fiber in geo-polymer concrete, after which strength decreased. 
  

 
 

Graph 4.10. Split tensile strength of BFRGC using 18 mm Basalt fiber length 

 

0.5% addition of 18mm length of basalt fiber produced the highest split tensile strength 

which decreased with the increase in volume addition of basalt fiber. 

 

 
 

Graph 4.11. Split tensile strength of BFRGC using 24 mm Basalt fiber length 
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When 24mm length of basalt fiber was added in geo-polymer concrete, the split tensile 

strength was greater than the cement concrete if the dosage of fiber addition is kept less 

than 0.5%. 

 

 
 

Graph 4.12. Flexural strength of BFRGC using 3 mm Basalt fiber length 

 

Using 3mm basalt fiber length in geo-polymer concrete provided great results , the 

flexural strength increased with the increase in percentage addition of fiber upto 2.5%. 

   

 
Graph 4.13. Flexural strength of BFRGC using 6 mm Basalt fiber length 
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The geo-polymer concrete was included with basalt fibers of 6mm in length, 

satisfactory results were obtained at 2% fiber addition for flexure strength test. 

 

 
 

Graph 4.14. Flexural strength of BFRGC using 12 mm Basalt fiber length 

 

The increment in flexural strength was seen at 1% basalt fiber addition of 12mm in 

length, which further showed decrease in strength with the increase in basalt fiber 

concentration.   
 

 
Graph 4.15. Flexural strength of BFRGC using 18 mm Basalt fiber length 
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0.5%  addition of 18mm basalt fiber length in geo-polymer concrete produced 

maximum flexural strength, which was decreased further with increase in fiber content.     

 

 
 

Graph 4.16. Flexural strength of BFRGC using 24 mm Basalt fiber length 
 

Using 24mm basalt fiber length in geo-polymer concrete provided flexural strength 

greater than the cement concrete, as the concentration of basalt fiber increased, strength 

reduction was noticed, hence the optimum percentage of basalt fiber addition should be 

less than 0.5% .  
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CHAPTER 5: CONCLUSION 
 

Geo-polymer concrete can be effectively replaced with cement in concrete. Basalt 

fibers can be incorporated to produce high strength geo-polymer concrete. The research 

work describes the importance of meta-kaolin in geo-polymer and the effect of fiber 

length in geo-polymer concrete. It was concluded from the research work that 

embodiment of meta-kaolin and short length fibers increased the strength of concrete 

significantly.  

Workability of meta-kaolin geopolymer concrete is affected by the molarity of alkali 

activated solution. Increase in molarity decreases the workability.Addition of fibers 

also have effect on workability on geo-polymer concrete. 

High compressive strength can be obtained by increasing the molarity of  alkali 

activated solution upto 14 molar, after which the compressive strength has found to be 

decreased. The geo-polymer concrete workability was modified by addition of fibers. 

Addition of high volume of  fiber can cause the clumping of fiber, which results in low 

strength. 

 Optimum basalt fiber length of 12mm at 1% fiber incorporation  in meta-kaolin geo-

polymer concrete demonstrated high strength. The dosage of basalt fiber addition was 

found to be decreased with the increased basalt fiber length. The mixing ratio of 2.5 of 

alkali activated solution provided satisfying results. 

The reduction in pore size of the concrete improved the strength. The XRD analysis showed the 

amorphous nature of concrete. The microstructure of the concrete was studied through SEM 

images, showing dense structure of the concrete with very less large pores. Micro-cracks were 

present in the structure which prevented rupture  of concrete under stress. 

The investigated properties test results were helpful in  developing a better understanding of 

metakaolin based geopolymer concrete. The mechanical properties were found to be increased 

with the addition of basalt fibers and also the early shrinkage cracks decreases with addition of 

basalt fiber volume fraction. Basalt fibers when used in concrete can act as crack arrestors. The 

increase in all mechanical properties of geopolymer concrete with the addition of basalt fiber 

were also confirmed with the results of work previously done by  authors [81, 82 ,83,84]. 
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Future Scope 

The future work should include the effect of meta-kaolin and basalt fiber  on different aspects 

like durability strength, shrinkage, effect of freeze thaw cycles and longetivity of the concrete. 

New methods of production should be developed to achieve more properties and reduction in 

the cost. Cost analysis should be done. More studies should be conducted which will help in 

improving performance of concrete. Mix proportions of higher ratios could be developed.  

Basalt fibers in different forms such as sheets  can be added into the concrete and further 

investigated. High grade metakaolin based geopolymer concrete can be developed and studied. 

Upto a certain extent basalt fibers can be added to achieve great strength. Increase in fiber 

length decreased the strength. XRD, SEM, EDS and FTIR provided a better understanding of 

composition and structure of concrete.    
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