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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



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

I1 Pi

A The separation between the fracture line and the closest
support, mm.

A Loaded area of cube, mm?

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/mm?

Fflex Flexural strength of sample, N/mm?

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.
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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. Toinvestigate 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.

19



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

20



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.
SOz and NOx are also released along with CO> 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 SiO, and Al,O3 [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 CO., 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

22


https://www.sciencedirect.com/science/article/abs/pii/S1359836805000454#!

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
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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.lt 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

5.0-7.0
mesh (%)
Lime reactivity (

750-1000
Chapelle test)
Meta-kaolin

98%
content

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

28



Chemical Composition Meta- Cement
kaolin% %
Calcium oxide (CaO) 0.39 63
Silicon oxide (SiO3) 54.3 34
Aluminum oxide 38.3 55
(Al203)
Ferrous oxide (Fe20s) 4.28 4.4
Sulphur tri-oxide (SOs) 0.22 1.92
Potassium-oxide (K20) 0.50 0.48
Magnesium oxide 0.08 1.26
(MgO)
Sodium oxide (Na.O) 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.

N Basalt fiber’s physical characteristics Range
0.
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

ii Aggregate impact test

iv Finesse modulus

Y Elongation index test

Vi Flakiness index test

3.2.1 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

) Cumulative Collective
] ) Retain mass _ Mass passed

Size of Sieve ) mass mass retain

in gms _ (%)
retain (%)
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 p 231 809 80.90 19.10
300 p 089 898 89.80 10.20
150 p 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.

) ) Cumulative Collective
) ) Retain mass in ) Mass passed

Size of Sieve mass mass retain

gms : (%)
retain (%)

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 p 210 845 84.50 15.50
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300 p 925 940 94.00 06.00
150 p 038 978 97.80 02.22
Pan 022 1000 100.00 -

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

Sample No.3

=479.60 /100
=4.796

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

) Cumulative Collective Mass
] ) Retain mass )
Size of Sieve _ mass mass retain passed
in gms _

retain (%) (%)

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 p 249 871 87.10 12.90
300 p 107 978 97.80 02.20
150 p 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 1l

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
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S. No. Observation Sample wt. (gms)
1 Wit. 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 Wit. Of pycnometer + water (m4) 1253
6 Wit. Of the oven dry sample 450

Specific gravity (g) = 450/450—284

=271

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

Weight of sample 1  |Weight of sample

Table of observation in gm 2 ingm

Wit. of sample 2000 2000

Initial wt. of Agg. under water W1 2050 2050

Wit. of empty basket under water W2 800 800

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

Wit. of oven dryAgg. in air Wa 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 Weight of \Weight of
specimen 1 [specimen 2ispecimen 3

1 Sample weight 4000 gm 4000 gm {4000 gm
Wit. of the sample
passing through the 818
2 2.36 is sieve 820 gm 812 gm 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

Sample weight

after impact on

passing through
2.36 sieve

45 gm 52.5 gm 38.5gm

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

Collective Cumulative
Sieves in Cumulative . . weight passing
accordance |Retain weight Retain We'q[ht through it in
with IS retain weight N percen 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 1) —1963)

The Elongation Index Test in accordance with 1S: 2386 (Part 1) — 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.
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2. Sizes smaller than 6.3 mm are not suitable for the elongation test.
3 Flaky and elongated particles should be exempted.
4 1If 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 1S: 2386 (Part
1) - 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.

Test Result

Flakiness Index 8.5

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
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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.

70 Fineness
of Fly ash,

o 60 - m?/kg
E§ = 265
8 50+
é% ¢ 327
g 40 -
b 367
w2
£ 27 430
S 20
.
8
O 10 +

0 - | | . . |
200 250 300 350 400 450 500 550 600 650

Quantity of Fly ash in kg/m3

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/m?
depending on fineness in
m?/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

Z0nes.
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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

content in percent

correction

in w/c

-1.5

+1.5

v

+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

Additional water quantity, if needed

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

8. Densityof Geopolymer Concrete in wet condition

follows:

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

density.
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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-I1 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 : NO

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/m®
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If the ratio of sodium silicate and sodium hydroxide is 2, then
Quantity of NaOH = 40 kg/m?
Quantity of Na2SiO3 = 80 kg/m?
4. Total solid content in AAS
Sodium silicate content of solid = (50.31 /100) * 80
= 40.248 kg/m®

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

=15.4 kg/m?
Final content of solid in AAS = 40.2480 + 15.4 = 55.648 kg/m®
5. Water content
Medium workability requires 120 kg/m? of water content from table 3.2
6. Alkaline solution water content
Alkaline solution water quantity = 120 — 55.648 =64.352 kg/m®
7. Quantity of water added extra calculation
= [Water quantity total] — [Alkaline solution water content]
=120 —64.325 =55.675 kg/m®
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 gty + AAS qty + water

additionally added
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Quantity of sand

aggregate)

= (41.23/100) * 2254.5

=929.5 kg/m®

Quantity of Coarse agg. = (Qty. of total agg.) - (Qty. of sand )
=2254.5-929.5

2254.5 kg/m®

= 1325 kg/m®

2730.17 - (300 + 120 +55.675)

Table 3.16 Quantity of materials for M30 meta-kaolin GPC

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

GPC MK NaOH Na2 FA CA Total Ex.
Sio3 water water
Qty. in 300 40 80 929.5 1325 120 55.675
kg/m?
Ratio 1 0.4 3.09 4.41 0.4 0.185

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.




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 MK Fine CA FA Na 5Si Sodiu Sodium Extra
n to (Kg to Kag/ O3 m Hydroxi water
3 3 HRH
:\:t}?o / \ ;I'ota m Kg/ m ‘NaO ZI|IC&1’[ de \ Kg/
m) ag. H Ko/ Kg/'m m
H 3
ratio m
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 25 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.

49



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, mm?

. 2
Fcomp = Calculated compressive strength, N/mm

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:

Flex=Priec*L/b*d® 0r3Paex /b*d?
Where,
F filex= Strength in flexure , N/mm 2
Priex = 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:

51



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 / m* D* L

Where,

Fspiit = Split Tensile strength in Mpa

Pspiit = Failure load, N

L = Cylindrical specimen length , mm

D = Cylindrical specimen diameter, mm

Load

Failure plane

/

Supplementary Tension Compression
steel bar //
150 x 300 mm

concrete cylinder

Plywood S B Rt Y
strip . Stress block

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.

- Spectrum 1

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 isavery 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 (cm?2) 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 Oz, N2 and Cl.. All the samples in the form
of liquid, gas and solid can be analyzed for FTIR.

(A) Transmission FTIR spectroscopy ATR-FTIR spectroscopy

‘ Sample

P @) Pl

Infrared source ' Detector & Crystal : Mirrors
Holder with sample in KBr pellet 5
DRIFT spectroscopy Specular reflectance spectroscopy

Mirrors ? :% *

Sample powder with KBr

(B) Single bond stretch Triple Double Fingerprint region
7 bonds bonds Skeletal vibrations

|Oak wood biochar <75 pm

“loakwood biochar nanoparticles

Normalized absorbance (arbitrary units)

T T - - e
O-H C=N Cc=0 CH Si-D C 0:
— — F
N-H C=C o~ Si-O SO
T S— L}
C-0 C=C
- o
C-H
T T - T - T - T + T ™ T ™ T
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Wavenumber (cm™')

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

Inatypical 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.
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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.

—_
1iam JEOL 7/14/2023
sSEM WD 7 . Sram 13:06:48

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 Flowing diameter (mm)
hydroxide
10M 1:1 35
151 33.33
2:1 29.3
2.5:1 26.8
12 M 1:1 29
151 29
2:1 28
2.5:1 27
14 M 1:1 27
151 27
2:1 25
2.5:1 25
16 M 1:1 24.8
151 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 7 days 14 days 28 days 90 days
silicate :
sodium
hydroxide
10M 1.0:1 21.2 33.7 45.8 47
151 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 43 50.3
1.0:1 21.9 34.9 45.4 46.9
12M
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
1.0:1 22.7 35.5 46.2 49.3
14 M
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
1.0:1 21.4 32.1 39.3 40
16 M
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.

28 Days Strength Comparsion ( MPa )
60
< 50
[aE
=
= 40
IS)
§ B Conventional Concrete
= 30 -
o B MKGPC
a 20 -
[e0]
N
10 A
0 .
Compressive  Flexural Strength  Split Tensile
Strength Strength

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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Compressive Strength of BFRGC using 3 mm Basalt fiber
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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.

Compressive Strength of BFRGC using 6 mm Basalt fiber
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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.

60
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Compressive Strength of BFRGC using 18mm Basalt fiber
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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.

g Compressive Strength of BFRGC using 24mm Basalt fiber
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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%.

Split tensile strength of BFRGC using 3mm Basalt fiber
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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.

Split tensile strength of BFRGC using 6mm Basalt fiber
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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.

Split tensile strength of BFRGC using 12mm Basalt fiber
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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.

Split tensile strength of BFRGC using 18mm Basalt fiber

© 7
=
— 6
<
B 5
[
g 4 m 0.5 % BF
&
o 4 m1%BF
@
§ 2 m1.5%BF
5 1 M2 %BF
(%]

0 ™ 2.5%BF

7 days 14 days 28 days
Age ( days)

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.

Split tensile strength of BFRGC using 24mm Basalt fiber
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Graph 4.11. Split tensile strength of BFRGC using 24 mm Basalt fiber length



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%.

Flexural strength of BFRGC using 3mm Basalt fiber
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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%.
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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.

Flexural strength of BFRGC using 12mm Basalt fiber
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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.

Flexural strength of BFRGC using 18mm Basalt fiber
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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.

Flexural strength of BFRGC using 24mm Basalt fiber
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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].

71



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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1. Imirodection

Goo-pobymer conarets in S now age conoets, if i heandly accapied wozldwids
dne o its sansbility and eoo-fiedby properties. It has edeced carbon. emission
conteert It inchides vary kess camant comeant or it ks ne cament in it pamefctring
process. It has ity properties very Sndliar to the traditional concrete and parform et
tar tham the taditomal me.

Thntmi'm.h:hﬂ:i.ﬂﬁ.nﬁmh;pmﬁ:;iuﬂinmhhﬁ;mmw
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ing:i:'ga-u—pdjmn:nﬂjaﬂ:,mh:.ﬂ: ash, hlaer fiiroes slag which amo poemelymic
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Gerpobymar conowis & slly &e e of i wome ekl ke
molamic revarial which ame rich in whca and ahmminia, aggresates, and acvating
n:ﬂ:.ﬂ:na[hhmuﬂnhmmchaw-i‘nﬂrﬂ&urpoﬁmnhﬂmndmﬂm.
Ipydroxide or pomssinm hydmorids i proper propartions. The maction leads to tha
Eocess of polymerimation, formation of 5i-C-Al bonds which & omecial for the
achizwwenent of sength.

Tho wipxificanc of meing geo-polymar & to mdnro S mpid dectuction of e
Mmﬂmimhmi:ﬂpniﬁmh'nin:namh:ﬂthﬂumhﬁmr
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Tha mwchanical proparties are vy mportant for noing oy constmicton makrial,
& the stength peovides am idea shout the parformance of the moterial The most i
portant test to detwneing the mechnical propeety is the congressive strength The
Conpressive sTungth delermination process I the same a5 convenfional conorets e
there &5 2 difermacs in the arng peocess to the geo-pohoweic comaete. It requins
ambiare quring or meen cring. Dependims upon the svailsbility , any of the e
toned pwdod of oming cam be adopted

The comcentration of alkali activeted schition mfluences fw compresdie strangth
of gec-polymer comorete [3] [noeasing the concentration of sodiom hydromide im-
pEroes e compresvs strength [3]. Usage of metdonlin Fos been fomd to have high
achiovoment in mechomical propertieos of geopolymer [4]. High performance, high
':h:lFlugﬂ:..Ep grade and lightweight conomwe is achisied by using metkacln in guo-
oty )

Table 1. Physical propertes of metabaclis
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1. Spetimen Preparation
Alliling sohriion is prepared ty Evobrng the sodoms ydrorids palles in the wa-

tor bo el ome litre: sobntion of the requined molwrity:. The rafio of wodams silicat and
sodinm brypdroecide sobution is tekem as 2.5, This prepared schitfon is stomed at moom

Theme: Sustrivahle Infrastrachome and Fngincorizg
=

89



Froceadings of #ray Indiay (eoracfmios’ ond Credesrirasimareis) Frginee iag Coesferenoe WIS
MECrEC 28
Morvermmbar 0060 2030

e for ahont 2 Shoers. hadore moiriver §t with ofhar somrta matrals. to: prevent
eorotheereic

- -
In this sppaniznarrel woek, the sourcs everial med o moke g T WS I
kzcix clay a: bondar. Geo-polymwe comdains, 75% o 80%G MIETREATes 35 P

o= The acthators meed e siudy were soditm. silicate amed sodiies bydmxds as
they are cheaper tham the potndem based acohatoms. The molarity of the sodiom
h:.ﬂmﬂnsdnhmp‘q:m‘nﬂw&hptmﬂmmgd]&
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load at which the specimen sthoms surfaces aack was noted doom &l ;veraps of Soes
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3. Observations
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4. Conclusions

From the experimantal wock done, * can bo comcluded dhat metm kaolin zeo-

polymm.mwcdym:mhhbhhmw
od at Se oxrly snge. The carly stength achiswed at 7 days is neaxly clow » the
Mm‘da‘zs&y&hu&’h achioved at 7 dnys. The maxi-
om steagth achisved by geo-polymer i 2 90 after wiich x docreases drast-

cally. Geo-pelymar conrete @ be wied whars hugh sarly sosagth bs requzed sk »
n rotamimg walls , pavemeants , precast consonction.
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ABSTRACT: Ap experimental smdy was camed ouf to develop a
metakaolin-based geopolymer comcrete. Meta-kaolm clay was used as the
source maierial in the smady. The alkali activator solution was prepared with

251,1.5,2 and 2.5 The optimum results of conmpressive strength for M30
geopolymer concrete were found at 14 Molar sodfom hydroside sobutton for
the mtio of 2.5:1 of alkali-activated schition. This pix was used for further
investzation o which the basalt fibers were added as a percemtage
replacement of mefa-kaolin

INTRODUCTION:

Production of cement-bazed products poliutes the emmrenmental babitat @ several ways, some of them
mary be list=d as the releazs of emiszions mach as D02 oo the ammasphere resulting mn the depletion of the
opone layer, giving rse to global ssues such as pellution (air and water), derease in the quandty of
mavtumal resoumces such as Eme deposits [1]. Geopolymer concrete & a sustainable paterial when compared
with cement compoands[2). Its production requires wery less usage or no usage of cement, resuldns in
emvironmeantal profection as snergy is consarved which is almost half the energy requived for conventional
comrete [3and & alse provides mechamical propertiss which are relatively higher than that of
comventional concreta[4].

Wanmal seurce paterials such as metakaelin which iz hizh in alominia and silica comtent or mdustrial by-
products swch as fiy ash GBS are reacted with alkali activaters which are peremally sodiom and
potassium compounds (slicates and bydrowides), to predoce geopelymer concrete[5.8). Most of the
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smadies dome by ressarchers i the past bave wsed different albermatives m geopolyimsar producten such as
fiy ash [7,8,9], rice =k ash [12,13], GEBS, or kaelin [14,15].

Metakaolin-based peopolymer studies are linvired mwost of them are on to study the method of
geopolymerization [14,19), the effect of metheds of curng on strength [20,23), and the effea of
temperarme. Fesearchers stadied varous parameters related to metakaolin-based geeplymer, some of
which are nofed below. Pires et al. used different surce materials to prepare ME-based geopolymer and
smadied is fracure properties. Mohseni smdied the effect of the alkaline solition mto on the propertdes of
GPC. Alamari et al stadied the effect of feere and thaw cycles oo GPC. Xe e al wsed recycled
azeTegates and vanied proportions of slag and ME to stody charactaristces such as smengrh, toushness and
Poizson s ratio. Pouhet and Cyr studied the efect of alkaline saluion melar mtio on workability, strensth,
porosiny and demsiry.

By phsaving the above shadies if is understood that a shady on ME-bazed (GPC needs o be undertaken as
the Literafure is bmited The effec of varous paramsters pesds to be shadied An atenmgpt has besn pads
o this stody to undersiand the effect of mixed desipn pammeters on GPC. Sixiesn mix desipns wers
prepared and cast to mvestizate the effec of the molarity of sodium bydromide solofion, and sodium
silicate to sodinm ydroxide ratio oo workabiliy, setfing fime and compressive strensth at vamous ages.
OPC mixes were also cast for comparisen parposes. Basal fibers were added in GPC to stody mechanical
properiies. X-ny difffactdon (MFLY), scapning eledron micescopy (SEM). and energy-dispersive X-ray
speciroscopy (EDS) amalysis were underiaken to stady the microstmaciure of GPC on identified mixes.

L. Literature review

(regpalymer concrete (GPC) bas emerzed as a viable alferroinve fo repalar Portland cement (O8C) by the
sostamable aftemfion it deserwes. GPC wufilizes processed tailings rich in silica phis alumsnag or natmal
alominesilicate as a replacement for OPC as the binder. By using this process, C02 gas enmssions that are
usmally tied w OPC production are reduced puoking GPC more clmate-friendly. Ope of the main
produocers that the geopalymer mdosiry uses is Meakaolin which &s made by calcming purified kaolin
clay at §50-B30°C. It is characterized by high reactivity [4].

Mietakaolin iz the main component of the peopobymenzation process which produces an alkaline selofbon
with rapid pelymerizaton thar crearss a hardening matrix [3]. In the past, the effect of several parameters
of metakaolm-bazed GPC has been researched in depth o evalate its end properiies. A cormg regime —
ambiend CUTME, OVen OINE. of stsam ouming — would resalt in a nmch grester compressive siength
Ciurnng in the oven and the steam amfoclaves shows improvemsnt in smength by up o 2.5 mes tan the
ambient curmz conditon [§]. The re=ater the malarity of the alkaline activatar sohrfion of 2alH resulis
o faster sefing and heating bt &t reduces the ameunt of workable fims. The compressive smength of the
comrosion data is linear up to 16 M Ma0H [7). The presence of sodinm silicate acis as a refardsr and
mmroves the warkability of concrete, also delaying the seffing time vef if mizht weaken the strensih at
higher ratos (=259 Whereas researchers have mamaged to combine basalt fibers and plasdc
AZETegates as reinforcements to mprove mechanical propertes [9, 10].

Experimsntal pisces of evidence about alkali-activated blast formace slag cement bave showmn thar malling
the minerals before seopolymerization leads o the enbamcement of the reaction infensity [11, 11]. The
majrity of work camied omi on mechanical aomvadon has commenly focused oo fiy ash-based
geopolymers. Yal, we have pot poticed much Iiteramre on mechamically operated MED GPC which foonses
on how milling affecs the peopolyvmer properoies. Accarding to Yao et al [13], metakaolin was ball
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milled for 5-60 min then activated for 50 min and it was opdmally efective for durability. The othes
npartant research would focns on the epoimnizarion of milling parametars (length, speed) too. Besides, a
lot of researchers have employed SEM, EDX XPD and WNWF. apalyses to determine the microsmpcural
maedification of the metakaolin system [14, 15]. Howewer, the influence of micresmoctoral modification
on the mechanical activation process is stll poerty understood

In addition, Zaimines should be pade between ME-based GPC and OPC m terms of all fresh, hardenad
and durable properties using a sandardized coring regime. Oreer the years many snadies of the metakaolin
geopolymer have shown that with heat curine they can maich and even exceed OPC compressive
sireneths. [4. 16] However, not many stwdies are available on the action of the ambient temperatore
oming after which the infrastrucnure developmeni-associated behavior s determined [3]. The absence of
literanure in this area requiring artention prechudes the use of metakaolin GPC at the pilos scals This
review revealsd that metakaolin bas achisved its preat promms= m the field of zeopolymer synihesis. What
s mare, valuable research may be nesded to show bow micresmucnrs development and propermies are
affected by reatments like mechamical activation and bench curing. This may help m bringing such
prachces fnie OO Use.

l. Pacheco - Torgal F., Abdollalnejad Z, Mimlde 5. Eheadmoand M., Aspiar JB. Broef description
about the possibilities of geopolymers as an option to fix existing concrets stmoctares. Comsmucton and
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1. Experimental Program
3.1 Materialz
111 Source material

Locally available memkanlin (M } was ns=d in the shady as source material which is an alimdesilcate
precmsar. The chemical composition of ME is m Table 1. Alkall acthvrbors used o the study cooprised
of sodum silicate and sodiom hydroxids sobsion. Sedium silicate solution was lab cartified gel based
sohution whersas sodium hydroxide sefution was prepared by mixing 98%: pure NaOH pellsts im tap waber
to siphve the required molarity.

312 Agzregates

Coarse aggregates of size 20mm and fine aggregates of size less than 4.2 5mm are used io the stwdy. The
physical properties are listad in Tabla 2.

3.2 Test Mamix

An investigation was mads to study the parameters like the molanty of preparsd alkali-activated solofion,
sodium silicats to sedium bydreadde ratio, and workability on GPC. A reference mix was selected fom a
series of imals and was combined with basalt fiber to provide high strength The desien vamiables of ME-
bazed GPC are listed m Table 3.

1.3 Casting and ouming

Ingredients such az MEL coarse aggregate, and dry aggresate were mixed separately for about 2-4
mimites. Liquid ingredients sach as sedium silicate solution, sedium hydrexide sohmion, and water wers
added to the dry compounds and moxed properly tll a homogensous mixtare was fomed The concrete
mixtare thos formed is meldsd into standard spedmens and vibrated nsing a vibrating fable. Samples arz
cured at room temperatre (A tenperahure).

4. Results obtamed from the stody

Tablz 1 inchades the details of the chemyical composition of meta-kaokin (MED) that i added to conrete as
2 applement. The three most important coxponents are appended - fine agmegmie, coarse aggegate, and
meta-kaolin clay. For fine agerezate the specific gawity is 2.7, the fineness modokos is 3.48 and the
water absorption percenfage k5 005% The agpresats has a lower specific gravity of 2.539 and a higher
water absorption of 1.0°%¢. Therefore, the coarse agsregate is comp-osad of mors material and contains less
water. The fine ageresate gradation does not inchade the coarse azgregate noezle. Lastly, kaolinite clay is
the clay with the lowest specific praviry, 2.3 The fneress moduhis for thes material & at 1.11 which
means it has a very fne distribution of the particles. Unforiunately, po water absarption percentage is
shown for the meta-kaolin clay modifier.
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Table 1. Chemical conmosiion of ME

Propeaty Fine Azmegate | Coarse Agmegaie | Meta-kaolin clay
Specific gravity 170 2.59 13

Finangts psodahis 348 - 1.11

Water absorption { % | 0.5 1.0 -

Table 1 examplifies the pox desien which &5 for alkaline concrete, and it shows the proportion of the
components that are required to get 1 cubic meter of concrete Amenz other dar, the Specification lists
the target value of the ME rage as .4, the coarse ageregate content as 403kg'm3, the fine agprezaie @i
as 0335, the fine apsTerate amwunt ranze from 1255ke'm3 1o 1232kz'm3 depending on activanar rarios,
the sedium silicate amount ranze fom B Consequendy the sodium silicate to sodinm hydroxide groas
from 1.0 to 13 resulingz in owreassd amounts of sodim sificate and decreased ammmt of sediim
bydrowide Apother mors mimate and less essenfial paricle charactenistic of the aggrepaie coofem i
darreasing along with the increase of the acovator ramo. This sugpests mized desipn modifications to
consider the fact thar greater water is created by a greater sodiom silicate inclosion In the end the table
presents a complete mix of alkali-activated conorets with a weizhi of coarss ageregaie ranging from 405
o 405 kz'm3 and that of fine aggrepate varying from §75 to 673 kp'm3. A variable amonnt of alkaline
activaiors mnges from 123 to 160 kp'm3 together with additional water

Table 2. Mix Desizn phyzical properies of B30 Meta-kaolin based Geo-polymer conoete

The scletion | ME Fmeme | T4 FA | Sediem silicats | Sodium Sodine Extra water
to the ME {(Eg’ | Toml Ez' m Eg'or | tosodiem silicabe Hydroxide Ez'

ratio m") AEE. bydromide ratio | Ke'm® | Kg'm® m"

matio

04 205 035 1255 67577 | 1 gl 1 o

04 205 033 1254 6752 | 1.5 7.2 R i

04 203 033 125338 | 67489 | 2 L0g 4 izn

0.4 =03 033 125291 | 67484 | 2.3 115.71 45.XB 34

Table 3 shows the relattonship befwesn the medarity of aqueous sodiom silicate (WNaOH: Vaobamstric
Concenmaton (EDTA) sobatons and the nmil diameter in pom for different vohimemic ratsos. With the
mereass of the molarsty fom 10M fo 180, a largs flow diameter will be ssen as appesed fo a small fow
diameter for a given mixing ratio. For example, at a 1:Varying the molarity fom 10M e 18M (a0H:
5807 matio] makes the dameter chanse Tom 35 oo af 10M to 24.3mm atf 15 M Alonz with this, the
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opposite behavior of the diameter with the varving cootent of 5100 and NaOH ocours in the process. The
most exmemes example i5 168 concenfration - the diameter ranges fSom 24 8mm at a 1:5:02 to MaOH
ratio and bas redoced from 1:23 to 1225 at the same time. the NalH (sodium bydrowdide) conponent &5
oot inreassd M oamy dremaisc way, Inosumemary, especially the high molanity and large silicon disxide
concenfration compared to sodium bydrowide cause a small flowing dlameter. The data showes that this
rend holds for agoeoas sohitions of varving sediom silicabe molarity and conpesition

Table 3. Workability of meta-kaclin-based geo-pelymer concrete

Molasity of AAS | Sodiwm silicate: Flowing diameher {pem
sodinm hydroxide

10 M 1:1 33
151 3333
21 23
FE 265

12 M 1:1 L
151 3
X1 gl |
s o | 7

14 M 1:1 T
131 7
21 25
s o | 15

16 M 1:1 ME
L% 134
X1 3
p o | 3

After 108 120 and 14M activatars, respectively, at a higher 5902 NWal0 mtda, there is a positive irend
of enhancing compressive sirength of all curmE ages m Table 4. For example at 148 the 1.5, The
compressive sirength of the | binder sample was 50.4 MPa at 28 days, approsimately 9% higher than the
I:]1 binder, which had a compressive smengzih of 46 1 MPa at the same doration. Soch presence means that
soluble silicats renders fo higher reactiom with bydromide and therefore, pensrates more smengih
However, at 168 concentration, the opposite end is obsemved - the 1:] element was epploved, resulting
n higher smenpth than higher silicare moduls binders. Thiz means tat m a high hydroxids
conceniraton regime the activation of adserbent throngh the silicate species i= reduced comparsd with
that in high adiivator coofents. I the silicates meduhis ratos, a linsar frend may be obsamved where
compressive sirength rises with ncreasing molarsty fom 100 to 14 M. Meveriheless, the srengzth of 160
slaz was nof observed to inrease amy forther in the subsequent tests, and this most bksly ooonred due to
the saturation of reactants at the 144 stage.
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The sreatest srengpth gains appear io 7 o 18 days conflicting with molarites and medubns of sliate. As

the age inreases up to the Hth day, only less significans exma increases in the compressive smensth are
found, which shows that the reactions are completed approximately as earty as 28 days

Table 4. Conmpressive soengih of 30 Mefakaolin-based Geopolymer concrete

Plolarsty [Sodim silicare: T days 14 day=  [ZE days o0 days
Eodinm hydroside

10 M 1.0l 1.2 EE 458 47
1.51 RN 412 4.1 482
2 01 124 48 457 4849
2 5:1 231 353 43 0.3
1.0l el ] EENE 454 454

12 M
1.51 123 i 471 4402
.01 128 EHH | 488 0.1
2 5:1 235 388 44072 31.4
1.0l 2.7 355 4452 403

14 &
1.51 134 EFH | 481 308
.01 39 04 403 312
2 5:1 41 k<N 04 325
1.0l 14 32.1 £ 44

15 M
1.51 .7 316 EL 4.2
.01 123 EER 402 4149
2 5:1 235 3.7 407 423

Table 5 displays the compressive sirength of the concrefe in megapascals (WiPa) afier the vansd ouring
times in the days below. In particular, the required compreszive soength of the 7-day concrete was 5.3
MPa Followins 14 days of cuning, the comcrets resisted with a smength of 5.8 MPa The smensth of
conrete increassd more markedly at the 14-28-day misrval with the concrete being 7.4 MFa strong after
IR days were owver. Conoete swength rose fom 7.4 o 7.8 MPa for 25-00 days afrer the fermenting
process. As a whele, the data points ot thar concrets achieves considerable strength in the first S darys
with the remainder of the gain to be done by the end of the 25th day. At the end of the 28 days. the zainin
sirenpth iz mmoch less than the previows comparable period and before the armwval at 90 days, it &s
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mooticeable. This shows that tme of oming is essenfial in case of differential strengths betwesn the
given two conets oobes,

Tahble 5. Split tensile strength of 14 M Metakaolin Creopalymer concrete.

Days Smengzth | MPa)
7 53
14 5%
i 74
o 1%

Tabls § offshoots the comelation betwesn the compressive sirensth of concrets and the mmber of days
after it was cast. Compressive strength is given in the mezapascals (WPa). Ar the end of the seventh day,
the concrete was measured to bave an unconfined compressive strensth of 9.4 MPa_ Om the 14th day, the
strenzth identifiad had a slizhe increaze of 9.8 MPa. The reading for the concrete compressive sirength
was 103 MPa at 28 days. After 90 davs, the concrete reached considerable strength with 11.3 MPa as
opposed to 2.6 MPa recorded o the first day. This informadion indscates that the concrete confimes o
sirengthen as the chemical bydraton process warks, which is the factor that causes the concrefe o grow
sironzer. The vast amount of concrete stength is achisved afier 2B days, thowgh that process sdll gins
tioy addifomal strength over time. Copcretely, it has become clear that the apalyzed comcrete reached
most of s swength potential after 90 days. Moniforing the power degree owver fime allows constraction
engmesrs to plan the removal of the forms and determane if the strochare & ready for loading.

Table §. Flewmral strensth of 14 M Metakaolin Greopolymer conaete

Dayz | Smengh (M)
7 0.4
12 0.8
28 10.3
20 113
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Figure 1. Comparison of 28 days strength of Metakaolin peopolymer conoete with Comventional concrefe

Fizure 1 provides data on three key sirengih properties of two fypss of concrete: tradifional concrete and a
pew concrste mix called pmifi-component Franite powdar conoete (MEGPC). For siandard conerete, the
comipressive smength is 571.5 pai, the fexural smensth & 1094 ps, and the split tensile srengrh is 538.7
psl. The MEGPC has a compressive strengith of 1504 MPa, flewaral strensth of 10.3 MPa and split
tenszile strength of 7.4 MPa in confrast to conventional glass. In specific, the results from the data aalysis
demsomstrate that the inclosion of the granite powder i the total mixhare of the MEGP concrefe cansss a
considarable increase in the compressive, flevural and tensile swenzths which are nmch higher than these
of the comventional concrete. The conmpressive strength of MEGPC & about 3 times mare than normal
comcrets, whereas the flexural and split tensile swengths of MEGPC are around 14 tmes higher as
compared fo coovenfional concrete. The hish-performance concrete as such is considered by MEGPC o
e a mors powerfil and sable kind of concrete.
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Figure 2. Compressive smength of BFRGC using 3 mm Basalt fiber length

Fipure I diosirates the response of concrete to vanous BF percentapes by comparmg ifts compressive
sireneth at different times. Basalt fiber concentrations of 0.5%, 1%, 1.5%, 2% and 2 5% were adopted in
preparmz concrete mixnmres. The compressive smenzmh was evaluated for thres represenmtive rimes, 7,
14, and 28 days for each mimrore. 3 days afier the imroduction of BF into concete, the compressive
sireneth vaned from 283 MPa to 35.2 MPa, with 0.5% BF conmete giving a lower valoe and 1.5% BF
CconcTets Eiving a higher value It is apparent thar there iz 3 major boost in early srength coming with the

addition of sreater.
-
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Figure 3. Compressive swength of BFRGC using 6 mm Basalt fiber length
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Fieure 1 gives a pichme of how final conmpressive strength refies on the BF concrete percentape which is
faken at a different point of ame. Cn the seventh day after castmz, by adding 0.5% basalt fibers to the
conirete, the swength reached 3.4 MPa, while m plain conrete it did not. The mest notable ephancement
in the soengih of 7-day cored-time was notoed at 1.5%: basalt Shers which has approximarely mcreased
the compressive sirengh by 18.5% or @ MPa comparsd to plain concrete. After 28 days of curmg, the
strongest gain was observed to be either 1.5%: or 2%: basalt fiber, both demonstrating similar commpressive
strenpths of aboat 57 MPa which marks a 4 MPa ar 7% increase from the plain concrete. Unexpectedly,
the compreszive sirength at 30% and 30% were lower thap at 25% and 20°% as diagnestic of all cure
times In summery, the bighly conpressive sirength of basalt fiber s more manifested at earky ages, ot
some of the benefits are still there around the 28th day. The tareeted amount of basalt fiber for the best
combmation betwesn 25-day strength and the minimizing of the fibers appears to be in the rangs of 1.5%
o 2.0%.
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n_-'l-l:l

10
q

1 Thays 14days 2days
u 0 % BF 303 473 a2
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® % BF 332 244 Y44
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Fipure 4. Compressive stength of BFRGC using 12 mm Basalt fiber length

Fizure 4 displays the momber of days to reach the bazalt fiber (BF) specific BF percentages at 00.5%
IcTements sfaming from 1.5% up to 2.2% BF. This demands you to do a long term of 133 days o reach
1.5% BF. This implies that an additional 11 days would be needed to get to 2% BF if it were 32t as the
target (Le, 43.8 days, which is more than the 31.8 days needed for 1.5% BF as a target). And toreach Il
BF it would take G805 days, or about 2-2 days more than the 2.5% toget. The day differentiation in argets
berween percentages of BF ssems to decrease with increasing percent of BF. To dinstrate: it needs 14
additional days to et fom 1.5% to 2% BF, while only B days to achieve 2.5% fom 2% BF. I bope to be
1.5% BF within 33 days, 51 for 2.5% BF. It is the longest period
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Figure 5. Compressive stength of BFRGT using 1 Bmm Baszalt Sber length

Figure 5 presents the BF percentage varation io the material during the cerfam seven-, fourieen-, and
twenfy-sight-days periods. The BFY: begins at 1.5% to start with. By the end of 7 days, the % reduced to
1.43% which suggests the fagmentation or depletion of some of the basalt fiber has ocoumsd. However,
the spesd of deoease Glls after 7 days. with the BF reduction only 1.4% after 14 days. In the last stage by
the end of 28 dayz. the BF percentage bas stabilized at 1 33%:, which sesms to be the best-caze scenaria.
This, mest of the shor-lived and short-term basalt fbers fave atraded and beve pot survived in the
composite. The leading finding in this shudy is that the BF drops by about 107%¢ from the initial baseline of
1.5% to the final pumber of 1.35% at 28 days. This, therefore, impliss the core of the basalt fibers remaing
with oo observable wear and tear, whils the weakest edge parts wear away at first, kkaving the longest and

the sirongest fibers in the material

105



Rizshwed Pantmeans / Afe] BioSe. 63 (2024). 37623777

Page 37T of 3777

Hﬁ‘_l.‘-;. Tddays Relays
u 5% BF 4 o0 29
= 1% BF 07 K 132
= 1.9% BF| w7 4l 528
"R BF | = 08 513
»25%BF 39 03 2.7

Figure 5. Compressive soength of BFRGC using 1 Bmm Basalt fiber length

Figure 5 presents the BF percentage varation in the material duning the cerfam seven-, fourieen-, and
mwenty-zight-days perieds. The BF % begins at 1.5% to start with. By the end of 7 days, the % redored to
1.43% which suggests the fagmentation or depletion of some of the basalt fiber has ocouwmed. However,
the speed of dareases &1k after 7 days, with the BF reduction only 1.4% after 14 days. In the last stape by
the end of 28 days. the BF percentape has stabilized at 1.35%. which seenws to be the best-case scenario.
Thizs, mest of the shor-lived and short-term basalt fibers bave abraded and bave pot survived in the
compiosite. The leadine finding in this shady is that the BF drops by about 10%: from the initial baselme of
1.5% to the final pumber of 1.35% at 28 days. Thiz, therefore, implies the core of the basalt fikers remaing
with oo observable wear and tear, whils the weakest edge parts wear away at first, lsaving the longest and

the sronzest Sbars in the materal.
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Figure 6. Compressive srenzth of BFRGC using 24 mm Basalt fiber langth

Fizure & displays the efect of the compressive swengih of conoete on conrete compressive sirength,
varying the percentage of basalt fiber (BF) added In pantsoular, ﬂﬂtﬂrauhhﬂﬂrumpuaﬂa'emengh
in MPa afier 7, 14, and 28 days for concrete mixnmes for 0.5%, 1%, 1.5%, 2% respectively. The most
bending strensth i fund on day 7, whers the 2% BF concrete compressor srensth i 131 MPa and the
0.5% BF concrete compressor smength is 105 MPa. As the ime increasss, the range vanies from 417
MPa (00.5% BF) to 402 MPa (1% BF) at day 14. On the 22th day, the 0.5% EF concrete had the highest
strength at 52.5 MPa, as conpared to 2% BF conoete with the least strength at 5005 MPa.

The initial compressive strensth appears to be decreased (after 7 days) with the increase of basalt fiber,
comversely, a high percentage of bazalt fiber brings about a swengthening effect (after 18 days). The 135-
day peak compressive force &5 realized with 0.5% basalt fiber. Neverthelosz, all the different concrete
gxhibits substanhal smenpth credibilicy mse, dms proving the increasing smengzth feanme of conorete
material with such a percentaze of added basale Shers.

Fizure 7. EDS results of 14 M Geo-Polymer concrets
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Fizure 7 shows that the geopolymer concrste comains a kigh amount of silica and provides insight inte
the copstituert elements present n the geopolvmer comcrste Anm EDS detector i used to separmts the
characteriztic X-rays of different elements mfo an energy spectrum A fypical ED'S spectnum is charted
with X-ray wawvelensths ar counts vs. mbensity or energy (i ke'V)

- = i
ai o i,

3
§~

Figure § XFD zraph of zeo-palymer concrets

XBD & a techoique emploved to determine the underlying crvstal strochure of a material; i emables
verification of the aystallmity and stroctare of a sample bt gives no information of a chemical nanure.
The XFL characterization has been dome fo stady the cystallinity of the naposmuchrsd 580 -sensing
film Figare & exhibits that the changes responsible for the differences in compressive strength originats
and take place within the amarphens part of the struchre.

Fizure & SEM imapge of geo-palymer concrets

SEM micropraphs of the facnre surface of hardened GPC sperimens were obizined and shown in Fizurs
9. This kind of microstrochore without evidence of large pares is desirable for the better mechanical
behevior of geo-palymer concrate (GBC). The micostmchme of the GPC matix that is visible in the
microzmaphs is enormous with unrealized morphology, which mdicates amarphous. Alse, this piaograph
shows minor qacks, which were probably formed to accommadate the stress Selds associated with the
maim cracks responsible for the concrete specimen ruphure undsr compression. It is reported that such
minor cracks might coniribute to keeping the irgegrity of the agzregate/matmn interface.
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Drizoms sion

Lone-lastng, high-performance. and strong concrete is necessary for modern on-site constroction. This
research focused on the consequences of the incorporation of MED and varable lensths of BF into the
beams of concrete specimens. Overall, it was demonsirated that the addition of ME as well as short BFs
with oprmal dosages increased the compressive srengrh

The inchision of this substance has received close attention anwng researchers as one of the most applied
cementing materials. ME has hish pozzolanic activity whech is respensible for its reaction with calcam
bydrowide that is produced from cement hydration to preduce oaore calciom silicate bydrae (C-5-H) [16].
The C-5-H i=s formed in bigher quamtity which results m a pradual and careful pare strwcure esabrbion
and better Tansiton zone betwesn agpregates and paste interface. In mix design, an ME replacement ratio
of 0.4 was implicated as seen in Table 1. This degree additon even enbances the sarly and middle age
comnpressive sirengths

Bosopbate supply is being used widely as an additional component in concrete composites. In terms of
strength, BF: are an inorpamic material that has both a high tensile strength and a pood resistance against
ackd, alkals and salty solotons; they are also stable o high temperatures [17]. Surface actovators, or BFs,
can prevent eary-age cacking and enbance the post-crack resistance of concrete (Wed & Meyer, 20068
This was accomplished by examinine mbles 4-5, which responded to BF treatments of different lenzths
and dosages A survey of the literabtare, it can be conchaded that shorter fibers at low volomes offer the
best valwe of the firm conmressive sirength The CPE value of 12 mum BF smength is 1% of addition. and
that of 3oum BF strength is up o 2.5% of addmion & similar rend can be observed in the finding of
Smgha and Vipad (20200 as demoosoated by the redoction of the oprical fber wobume with an increasing
aspect ratio. The incorporation of BF imo fresh concrete micure modifies the mivure's weorkabilsy and
fiber dismributon, and too hizh a volime of BF can cause fiber clomping, which results m uneven curing
and low compressive siength [1E8].

The characterization techmiques demonstrated in Figure 3 supply the details on the working principle
delay n the mechanism of ME and BF acting in the mprovement of the compressive smength The high
silica content of the geopolymer concrete provides for the formation of C-5-H which measores the pors
sizes at lower vahies mpmoving the sirensth of the concrete [16). Te make sure the concrete is mosthy
amarphous the 3XFT analysis is performed From the SEM image, it is observed that this concrete has a
dense microstraciure and few larpe pores. In addmson microdgacks are visible, which leads to the
prevention of ruphmome wsng soess concenioation redocdon Therefore, the microstoucture phase
mansformation and the larger befween-praims contact area are in line with the cbserved wvalies of
commpmessive siremgth m additoen to the plain concrete.

The findings wvery mmich confirm the probability of the MK and BF routines for the soength benefit. but
n-deprith research &5 still required The testing scop=s is supposed w0 inchide measurement of the effect on
temszile srensth, shrinkape, cresp, and durability. This will belp us to bave beter conchisions mwore
completely and comprehensively. Moreover, the tests in field conditions can daplicate the complicared
loading and the sumounding environmental exposure to some extent like the actoal stoctores mstead of
the labomtory emrvirooment. On the otber hand, altermative materials and prodocton procedures could be
considered to achieve nminfacsted properdes with lowwer expendiare.

In gemeral this stody gives significant information concerming the increasing sireneth of concrete trough
ME and BF additives. By optmally choosing the additons. the microsoucural and pore netaork
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refimemnents that followed increased the material’s density and contiomiry leading to better sirength. The
resulis prowide desizners with new ways to Improve the performance of concrefs fo apply them to the
constmaction conditions that mle teday. More trials oo inclined and advanced fields can lead w the
determmination of the best mux proportions that woold be within the cost-effective, durable, and high-
sireneth range.

Conclosion

The data mdicated that mefakaphin (ME) basz besn a reliable addifive when o comes to conoTete mix
sohufions which inreased the compressive strength and the tensile smenprh Grantte powder, together
with the other cementitions minerals, is responsible fir ubsmmial srenpth Faing in terms of compressive,
flenamal, and split tensile strengths compared with regolar concrete. Basalt fibers are one of the vanous
addiives that are used to miTeass the conmressive sirength of ME geopobymer concrate up fo a cenam
optimal level of content Cloncerning the distance between the fibers (BF length of 3nmm and Gpom),
merzirmnm sirensth was ackdeved at 2.5% addition and 2% addstson, respectively. Increasing BF lengths in
mm dereases the optimal percemfage of strenpth increases. settling armmd 0.5% for 24pmn diameter
fbar. EDS, XBD, and SEM techmiques aid the ressarcher m gamingz a profound wmderstanding of the
amorphous microstucture and elemental compesiton behingd the enbanced stmacharal and mechamical
performance of thess concrete monres. Althonsgh the mefial mereass in sirenzth i= observed within the
first 2B days, the fimther curing process, which unfartonately is going slow, coniriutes o the strength
zain of concrete as well Generally, the test resuliz confirm the use of concrete mixes comaining MWE,
gramnite powdar, and basalt fibers which aftain preater siwenprhs, allowing for their application in high-
performance conCrete Consnactans.
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Abhsoract. Concee has wveoy less teoails sirength a5 no meindomoamseet i wcnded in 1ts
mmh.mdmﬂ:ﬂ-maﬂhdnﬂmm
i the concress and basak fibers is one of themn This paper mniews the
necessity of Sdx fher to sshaneg the tazic propartes of 2o conorete.  Fibars aleo tands o
mndify tha pinical proparties of conrein 25 wedl 2 5o herdancd propartion. Basak fhar: amg
darived froms ipmeoes modics which makes thans fres from amy chamical and tharmml eactons.
Baﬂ.hﬂn'hawﬁrmimmm'ﬂnmdﬂnn]mefﬂﬂcmmw
& mch a5 sesting times. have bean fnmd o mowase with the Increass in the faccon m
vohms of the fibars, dry shrinkago and wrmisibdbiny kovs boomn formd to be mdnced n the
rmﬂm]tﬂrnhawwmmmhnﬁdmtrﬁntutmmﬁlinﬂum
leng life to the conorets. This paper will eorich the domain of stractorl
axd contribne  bot to the fitum rewsearchers warking oo Sbar reinfroed concrete at 3 ghnce.

1. Inirodecion

Fibres ame centinnomsly besz msed = the concrets Industiry as an emerging tremd. Varices: Shres
provide ensormeas gaality to the concrete. Fibres can be produced from mtemally available matemals as
well a5 they can be mamfactured. Fitres are basically slender peaterials that cax ks found in wariable
sizas and lengths. Concrete mdnstry is mising day to day azd the resomrces for its producton aze
dimisizhing due to degradation of nateral mesonroes by nmanking

Modern infrastucture is becomving the largest growing need of the coming emeration, requiring the
concret to ke of Enect quality with greater stremgtie. The strength of concmete comprises of matardial
stength sach as tensile, feomral and compressive strengtis. Development is cozstamtly requimed
Additon of Shar belp in achigving these soengths.

Basalt fibm s a kind of fitoe which i being used coctemsively. Basalt Sbre is derdved fom natural
resources whick are eco-Eieadly. It has many advantages like from igmeoas type rock soerging from
the lawa which malkes it fire proof materdal, good resistancs fo eovizemment that is chemically active
like wrater, salt, acid and alkaliz, high msulation capacity. Compared to glass, carbea and aramid Sk,
they bave amverped Az succeasfnl and potential praderial. Bacalt Sibems are alie recyclabla.

Geo-polymer concrete is nowadays replacing the maditiczal concrete as it requines less or no cement in
its manufachring process. Making it peore mliable comstructon material Producticn of geo-polymeer
requires reacter and activator. Alumine zilicates am reacted with wser fosmdly alkaling agents o
prodece geo-polymar cement Waste matmrials fom indesmies bke thermal powsr plazts, irco and
steal indnstry, and cepseat indnstry which nsss coal in it mannfscring process, gives byprodect such
a By azh, slag silica fimes etc. Thoso Eyproducts forms of wate i wwed to propare goo-polymer
conicre. (Feo-polymer consmete is new and great altemative to crdinary Portland cemeant concret as it
haz megligible maintemance and provides eogthy semdce Hfe resulting in sustaimable constraction with
low carbon footprint.

I. Literarors review

T. Bhat et.al (2017) mneeatizated the effect of high terspematere ncinaration of bacalt £ber: oo the
tansile wivess. When thoe basalt Bbern are hestod above 350°C, i failore strear decreeee with

increasing tamperamm. Tham i+ ocowrmencs of thermally activated surface flaw growth, which reduces
the fadlume soess. The polymeer meiric Linvinates were prodnced after thermal reatmscat of Sbers.
rg Y |Conical from this sork smy be weod sader the bermm of e Ciate Lo mewen Marbedes 30 booacs. ey Farder dodcbatica

nl'iu-u-lrn.dn-uuu:h—hlnlh:l}::ﬂl'ﬂilludd:ukmlkml_ el ciisiea asd DO
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Weakening of Sbars and the nonsppearance of fibre wzing mdaced the tenzile streas of recycled bazalt
fibars larinates when compared with the orignal strangth.
Earthik M. P etal (2017) camied out expericesiz] and analytical ieestgrton oo Shm minforced
Geopolymer concrete with Flyashand Ground Granuolated Blast-fumace Slag (GEES), glass fibre and
steal fibre. They imvestgated maimby sheal Sber and gliss fber They notced that the siesl Skar
geopohymer concrete heve wonderfnl enpineering proparties with a mdnced carbon footprint. Thay
provved that the Shre addition was ween to boost the tensils soeangth.
A M. El-Feleni wtal (2015) expermenmally inrestigated some basic propertes of M20 concrwte by
nsing Sasalr Fitee Bainforced Pelymen (BEFEF) .They noticed that there weme positve msults on
compressive smength of concrete 'Ir:.fJ.u.cI:um:-n of basak Bbers, beyond e there is mo wigmificamt
incresee in steagth . They alur sugpested that by mclesion of basalt fibem, compresive soungth may
ba mcreased in the comcrets. Optimnm fher langth aras found as 30mm and basalt fher coxtunt was
batawen 1.3% to 0L5%, which gave greater srenpths when mreaszred.
Mlichal M. Szexypinski etal (2018) camied et the werk te review the static and dymamic mechanical
]:ll.'l:lp-ll.‘h.ll- of the peoploymer when rednforced with the layem of I:-a..qll'nh-nr.'l'.h.n':." found that the
incresse in feaural stemgth was 150 % and impact stremgth was over 60 %. They conclided that the
mechanical properties of gecpolymer composite material had grest influence by using basal fabric
rednforoamsest
Faiz Shaikh et al {2018} smdisd the effect of ambient and slevated teoperxtures on the carbom and
basalt fibar ruinforced geoploymer synthesized by fly ash and activated by potessizm actvatons. They
asted wx sequence ofmonbds of geopolymer by adding 0.5%%,1% and 1 5% of carbon and bazmabt
fibre by wwight of fhy ash. They found out #het the higher strempth was achioved in the geopolymar
which contained 1 wi®e basalt and 1 wia carbom Sbee , alse there was lower volumedric shrinkage and
mass loss when comspared o other Stre comtents. The stady cojodnthy thooeed that the geopochymsar
confaiming carbon fiber was showing great achisvemsent than e basalt fibregeopclymar despite
tempera tore affect
& K. Kinthika etal (201E) camied out a scientfic sindy om M30 grade of concrete mmforced with
basalt fiker having 0.5.0.75 and 100 parcentage Bber volume faction They found out that for
0.50%: dosa of bamal fibm the compmssive, spliting tunsile and feammal stremgth magnifed whan
compared with standard cencrete. The teats of the vmdy alic Implied that the basalt Sbre is amorphoas
and bydrophilic in natrs.
Miauze Henrges Lapenaz gtal (2016) performed sxperniments on basalt and E-glass Sber cozopositus
te Gnd out the beic mvechanical properties and located owt that the copxposite contziming high
parcanage of basalt fiber performsed betier on apparent hoop teniile streogth and  also oo the
interfarial proparty inter lamirar shaar srass.
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Pl[l.l.'\l' 1. Split disk tust temsile-dsplacament curves
of BF and GF composite.
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WonsinPonurai et al {2018) smdied peopelymsar made oat of fly ach and bazalt bar to verfy s
mechanical properties, microstuctere and drying shrinkage. They found that afier replacing the fiy ash
geopochmeric paste with basalt Shers, it resalted in increased setting tme and srungih and alio theos
was reduction in  drying shrinkage. Aftr replacement, the basalt Sber geoploymer wae found o ba
mons dense becanse by increasing the content of hasalt fibes in iy ash geopolymer, the critical pome
size and the poresity was reduced in the paste.

5K kinthika otal (1018) smdied demabdlity of basalt fibee mimforced concmets (BFEC) in chepsical
sohrtions, carbomatiom, mapid chiorde pepstration and fire. They found out that the BEFRC showed
sromp resistance fo acid solutons, chloride pemetraticn and fire. BFREC parfomeed batier than control
COnCTe .

Yan-Eu@hao wtal (D016) experimeonially vmdisd the conseqeence of fhme comient and freens thaw
cycles om the basalt fthee meimforced comozete to verfy the bending damages and faileme
characteristics. The check meanlts mdicatod that the: resistance to the slastic-plastic deformation of the
concTeds was Increased by the Sber which restansd the bending damage and fdlure. They foemd oot
that the inclusicn of fitem mproted the bending srungth whemsas thefroszs-tharar cycle of Sher can
lomrar it stremgth

Mlichal M. Szozypinskil efal {201%) caied out analysis om the Lyered basalt fabeic remforced
geopolymear. They aimed to testfy the oeohancement of mechanical properbes of the
reinforcedgeoplovmer to noo-minforced geoploymer. They cammied owt tests for Snding oot Hexural,
comprassive, splittng teamsile and impact stength of the specimen. They found that by meimforcng
geopolymer with layemd bassl fabnic, ot showed excellent reselts.

XinjianSun gtal {20019} smdied sxperimventally and pemerically simvmlated basalt fbme mimforced
concreds BFRLC for executicn of its comxpressive, splitting tensile, and beadizng steogth By increasing
the baszalt fibre confent in the comcrets, the sirengths such as compressive azd splitting wmsils wene
fonnd to be initally increassd and then decrersed, whemsas thers was growth in the bending strength
Eamim Atz wtal (3019 sxperizsnted cos way slab cocoorete incleding basalt oo fiben reizforced
with bazalt fibre and glass fiber pelymer bars. The ductlity and lcad camrying capacity of the lab
ws found to be increased by the inchusion of basalt macro fibems., hence they can be nsed as substite
e other syothetc Ebers for fleanrl concrete mamber.

XinWanget.al (201Y) axparimentally invectigated the effect 0f mk wolution cx the fabme behavior of
basalt fiker minforced pohmer BFRP and found owt that there was nsignificant degradation in the
static stezgth of BFREP when fmmarsed in salt seliton for leag times, whersss under the facgne
lzading, 5t showed damaging wfect The fatigne siremgth of BFRP wras

found to be degradsd but op to tolerable lavel dee to the sardy interface de-bonding and conchidad that
the fiter to matrix ixterface region plays an mpestant factor in the ausessment of fatigue bahavior.
Xinzhong Wang stoal (20019) siudied basalt Sher ruinforced comcrete BFRC nndar then sffect of Skar
volume fraction Sher length, and comvpressive strungth and performwed phyuical and mechanical
tst. Thay foend that by incorperatimg a2 seeall amsomnt of short basalt Sbers in BFEC, it gave
sigmificant rise In comvpressive sirength and mptere modnins  They discoversd the scourrance of sarty
shrinkape cracks were initally decreased and then increased. by increasing the basalt Shm leagth and
the optimoues basalt fber length was found to bs 1B.0 mm.

Francis L. Kingetal2019) by exparimentation sbadisd the behavicr of comcrete wiing Polylatic acid
reioforced Basalt and Bagasss Shers. They determimed that the weizht percenizes of Ober conisat is
more responsible than the length of fibre @ mpreving tensile, flexeral, and invpact sfrengths. The fest
reamlts of water absorpton test showed that by incasing the Hber contunt, the water atworpton mte
alio increased.

Manihalan P etal (20019 svalusted the performance of comcrwte by adding basalt Sbery and
determingd optimum basalt fber comtent The pwechanical stength of concoete was fownd do be
incrersed by the additon of basalt Sher to cptizmes level of 05% in volume facticn des of the
ahility of Ebers to amest the cracks. Thus they confimesed that wing basalt fbem at low conbent gives
smength enhancemant
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Hao Zhou ot.al (2020) stadied the effoct of adding different basalt ffber contents in the concmete. The
toaghness and crack maistance parformance of concrete was found to be considerably upgraded. The
temsile and flexmmal stoength were found to be increased sigmificantly as compared to compreszive
ot}

H:i:uu]':si.ﬂ:-ta] (2020 experimentally stadied the alkal: recistancs of alkali recistant basalt Shae ABF amd
basalt Sher (BF) in the concrets. By addition of 0.1% ABF , e mechanical properties of the concmsts
ware foend to be salarged |, the Gber matrix bonding wras increassd.

Zot . Balli (2020 mviewsd the advanced topic of geopelymsar concrete. The stady cowvers wartoums
substimbes of cament for mamnfacmring conoete from @Ange of mdostdal by prodocts and matmmlly
avzilable mscerces abumdant in nesded mimerals. The available mizemals ame prospected mizmtaly to
develop 2 smstinzble constracticn material

Erc Heghes otal {2020} smdied mdinforced copcrete BC wtmctural mambars. sirengthencd by nsing
bazalt fitre reinforced pobymear (BFEF) fabnics. The BEFEP fabmica can be wied to stengthem the
statonary EC member: extermally and paowes to be faverables technique. They stadied fiwe beam
samples, baving 0.77% st ratio. The layer: of BFRC fabmic were placed in incrsasing order of fwo,
four, six, and might. They found out that their sxperiment showsd significant increass in sreagth in all
specimsens and alvo found out that the safe linsdt for exing the BFRF fabric is six.
Mohanknramarsdeoras (2020) examined the bawalt fibre meinforced concredes fo the chemical attack.
He stoctured B30 grade of concmeie according to IS 10262:2000 with basalt fbres %6, 1%,2% and
3% by weight of cament. The xime of the paper was to Ivestizate waroes fbre comtents properties oo
fibre reinforced concrete. The concrete stength was found to be increased at 2% fibre contemt mot
withstanding when saxposed to selphate atack.

HunthenzChhorn etal (2020) mesnically smdied cobeuive zome mxodel CZM for finding the tenidls
bonding strenpth betaesn BFEP and concre®. The sarly crack widths of the concrete wreme uwsed to
confirm the modeling results and concladed that for smdying the BFEP conoueie inksface , CZM i
bast mxethod which maves tims and fends Thedr resolts indicated the precemce of fimite cracks on the
surizce edge of specimsens. Specimens whick prewionsly kad 10me= inital cracks developed cracking
on its whols serface.

DiesndayalRathod etal (2020 discussed the reinforcement of comowte by adding E-glass and basalt
fibars. They assssued varoas paramstars of steagth of Ghee minforced concrwe and then compared 1t
o conentonal comorets. Enhanced compmessive steagth was found in the concrete kaving 2% baak
and 1% E-glass fitre mselting in bybod fikre meinforced comczete HFRC. Cm comparson wdth
siandemad specimen, HFRC provided sreat mesistance to impact, deflecticn was less, modnbes of
slasticity and stiffness was higher

Zwynepilgin stal (2020) investizated the basalt ftre reinforced concmete. frech and herdened
chzracteristics of concrete reixforced with bamalt Shear (BF). They nsed BF with the leagth of 12 mm
in concrets mxixes at 0.2%, 0.4%, 0.6% and 0.8% of to@al volume together with the wardation of water
to cement ratto of (.47 and 0.59. Tha test remult thowed that the mechesical properties ane imsprovad
whersas the workability of concrete is remarkably detsrioried by BF mocrporaticn. They dizcermed
that the BF coztent of 0.336% provides the optiemm mesult whth the wic mtio of 0.47.
MircslasFrydrych etal (2020) smdisd the nammally HSbre minforced geopelymser. The geoployozer
composite were produced mdnforcing with flax fibres in the fomm of non wovem faboic, besalt Shar
and withont rednforcenvent. [mpact bending, bending and compressive smength wers fonnd out fo fewt
the mechamical proparties of concrete. Addition of nateral fikars gave beneficial inflecnce on mpact
bending and bexding strength, but negattve effect on the compmessive strength.

&N Ezmaberc otal (2020} investigated pmmice lightwsight concrebe rednforced with basalt e
[(BFLC). Cememt subsiimte was uied namely nano ground calcinm carbonate GOC at the percemtages
of 5 %, 10 %, 15 %, 20 % and 23 %% and Sme lomg basalt Sbers wers added 0.5 and 1% by volums
comtent. Inttally lowsr meckamical soength were prodeced by GOC added puixes, afterwards
approximate vmengths were achioved Decease i sorptetty and water absospticn was obsarved by
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zdding OC and incresse in magngsmoaniphsts recistance was recorded. Meckanimal properbe: wars
found o b exlarged by the J.n.'l:r\-u-ﬂ:l.l.clmn of basalt fitser m BPLC. bowever the froch propestiss wens
fonnd to e mrinimixed

Table 1. Phyzical and chepzical proparties of the BF. Teckmical propasty.

Flaaticity msodnle. B{Px S0

Tanxils stremgth, MPa 4E32
hicling podnt, C° 1452
Application reovperamre T —220H42ED
Chamical comporiticn Parcamizses { Ta)
S0 %1.2-56.9
AlZ03 14.5-1E.2
Fa203 5794
KigO I0-54
Fall + Fal23 S 2-120
Tik2 QE-X23
MHal+ KO QE-X23
Dethers 0.08-0.14

Mubampad RizzAhmad etal [ 2020) cxperimentlly shdied the rosivtance offect on mxEnosiz=m
phosphate comant BPC nndar kigh temparature and water. Difemunt concemrations of dlbica fime and
bazalt Sher wrere weed i smdy. Increasing comtent of silica furse and baealt Bher enhanced the water
and high-terxperatars resisance of morar composites. They discovered that by addimg swlica fume and
basalt Sber, perfomaancs of magnesiiom phosphete ceovent mortar was fonnd to b tnrmeased.

Salomi et.al (20230 stadied the geopolymer which was minforced wnth bazalt fiber. The proparties such
r micTostucial, handaned and fresh of the comcrote so formed wwre stadied. They dizcoversd that
introducing basalt Shars gave posittve effect as there wen mowase @ indtal and final setting time.
Expansion im bulk density, compresive and fexrnral stremgtis wrere also mcorded Basalt Sbers v
zciing as reinforcing material thareby gecpolymer characiristo: wers foend to be upgraded.

Eatharina Walbritck stal (2021) developed Sy azh fSber reinforced geoploymer which was lathered
with sodine dodecyl s=lfas EDE. MNateral fibers nsed i the stady were derived from Miscamthes x
gigantens. By imcmeaxing the fiber size 2nd concemtratom of foaming apgent, an morenzent in theomal
conducthvity and comrpresive srength was chascved.

3. Review resulis and dizcuszions

In the Sindings of T. Bhat st.al {201 7) it mxay be stated that the basalt fibers are derived from. volcamic
rocks 2nd these rocks 2z foomed mnder vesy high temperateres, henoce sxposimg the fibers to
tamperatere for thermal ecycling dose Dot affectsd the Yomng s sodules of the composite material.
Tha tharmal decomposition of Ghars ocoomed afier heating above 350 which resulted in decreased
compressive and temsile stemgth Basalt amd glass Sbhars showed similar charactemisto: oo
temperatare, bence basalt fibars can be replaced with E glass fbam in polymer matrix laminates dos to
it slowar cost.

Exparimextal and amalytical inwvesdgation oo Shre minforced Geopolymer comcrete with Flyash and
Eround Granelated Blast-fomace by Earthik M. P et { 2017} ndicates that Steal ftssm bave high
modnbz of slasticity and deformation which provides them their great stength. Frbem provide tansile
forces to azrest the cracks bence reduces shrinkags. improves cracking redstance and toaghness to the
concrets. Becease of their low price and sxcallent chamacteristics, fbem have grinod popularity.
TUndsr an sexperimsestal smdy by A M. El-Gelant et.al {2018} whe investigated soms basic properties
of M copcrete by mxing Basalt Fibre BEsixforced Pelymsr (BFEF) and the remls of thiz stady comld
be supported as the repters streagth and rrerage eaide=] stength of the conomete i increased by bamalt
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fibars dus to the characterisiics of the fbmes. Furiber the concenimbons and fiber volume Sactbons of
basalt Bbers caxn be increased to sudy mome sipnificant effects.

Undsr the review of static and dymeamic mechanical proparties of the geoploymer reinforced with the
loryers of basel fabrics by Blichal b, Szcxypinshd etal (2018) it can be said that in the comstructions
where light weight and high stremgth 35 required: the basel fabric einforcemsent can be nsed which
halps in mducing the mass of the conrmete as compared to material withowt mdnfnroesmment.

Undar the stndy of Fair Shadkh ot al {2018} for the sffect of ambisnt and slevated teovporatms on the
arhom and bazalt Sbher minforced geoploymer synthesized by fly ash and actvamd by potassiom
activators the reacon may ba the carbon Sher peopolhymer provides increassd comprassive stungth and
lowrer volemetric shrinkege and lowsr mass, which makes it a better alermative than besalt Shar, that
raz be nsed as a fller material in geoploymer comorwte.

Basalt fbers hawe gmeat resistamce to salt and water corrosion, which in ton provides dsmss and
compact sonctures baving good adhecicn with camsent maimix. Basalt Sbre  gec-polymaerc concres
have high periormance when comparsd with poormal geo-polymsr concrets., as the basalt fber
ipvproves the strempths and toaghnsss of the concrete nnder the smdy carmied by 5. E. Eothika et.al
{2018} Composites comiaining basalt Sbars parforms befier thon the glas Sher in the mechamical
Properties., hence it can be wsed as an subsiiteie for glass Sher compesiies. More sirength teats such as
hydrostatic test shonld alvo be done to provwe the potential of basalt fibar comvposiios smdied by Manro
Hearique Lapenaa etal (201 ).

Under the Sndings by 5. K kinthika otal (2001E) it can be said that Bacalt Abar: arrest the theomal
racks in concrede and provides good resideal compressive smeaxth dus to which they perform better
in slevated temperzture: and show no wpalling in comcrete. Basalt Hber have kigh chapzical and
thermal stability which makes them a great poteaiial bnilding material

Basal fabrics can be used as reinforcing material in geopolyoser, which reduces the mass of material
and provides great achisvement in its strength. It can be nsed whers lightweight and high stength
concrete i requized in case of stady carmied by Mlichal M. Szcrypimskil e2.al (201E).

Baszalt fibem have high temsile strangth and modunbas of elasticity, which tands to sbow the progrussion
of crachs in the concrete and increase its anergy abscoptcon capacity reszling in sobanced stength to
tha concrete &5 in cass of the stedy carmied by XinjianSun etal (20090

Mlore teats could be perfoered oxn slabs to consider its pecformence ender long term fatiges siresses o
infar quality resntts in the experimemtal sbady carried by Earies AtHs atal (2009].

In the experimsnml investigation by XinWang etal (2019) it is clear that interface degradation and
dobending leads to bmeaking of fibar mszltng in decmsase of ftgne life = alreater imeseruion, bt
BFEP maintains snitabls level of mtention after degradation.

In a wmdy by Xinshong Wang et.al (2019) om BFEC nndar the affect of Skar velams faction, Shar
lsngth, and compresiive strength and peoformsed physical and mechanical tests it is most probable that
by increasing the amount of Shoe wvolime factons and Sher length, thare is oocmmnce of clumping of
fibars into thoe ceovemt matmix, which  tends to redwce its workebility and compresiive
situngih Reganding sxperimentz] smudy oo the bebevier of concreie muing Polylatic acd meimforced
Basali and Bagasse Gbers by Francis L Emnget al{?019) 2 can ba conclnded tiat Fibar plays crucial
part in inczeasing the mechanical paremeters of concrets, by inceasing its conients , the mechanical
bahaior can ba increased.

Basalr fibars hewe high dwctdlity as compamed to other Shers, which provides increassd mechamical
stengths to the comcrom. Furthemsors ressarch seadod o be dons for smdying the dnctile behader in
the smdy by Mamibalan P etal {2019,

Tha demiity of the conoowie is Dmcmeessed by incleding basalt Bber which alic prwvent: the wratar
retemtion. They tends to forme bridge, preventing the cracks. This property of basal fibers provides
machanical propecty to the concrete. It i clear from the smdy condneted by Hao Thea etal (20000
Fegarding sxperimentalk smdy conducted by Mimli otal (2000 on the alkali resistance of alkali
resisant basals fibre ASF and basalt Sber (EF) in the concrets it is mfeaed tat ABF teads fo decmeass
the pore siza in the comcrwhe, msuling in grester bonding betwwen Ghar and concrete matix whan
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compared with BF, which helps in imparting strength. BF cam also be nsed to werify the acid resistance
Propertiss.

In a review on BFEC by Zoi . Kalli (2020) the emphacis was focased on Alumincsilicate pxatorials
thar could ke nsed as binder marerials in geopolymer concrete which ontperiorms alkcali actvamed
concrete. This concrebe can be weed where sarly strempth is requized.

Stemgthening the beams: with BFEP, preveats the fememal frilwre at the tensile serface but cemses
more siresses on the comvpression surface which recsults I cracking, Isading to shoar fSadlume as stedied
reinforced concrete FC stucteral members stmeogthened by wing basalt Shre reinforced pelymer
{BFEF Satrics by Eric Hughss ot.al (2030

Mobhanlmpamarnsdeoras (2020} examinad the: basalt Shre minforced concrete to the chepvical attack
Furthar basalt fibre geo-polhymaer comcrete can be msed to verify its stength characeristos agaimst tho
chemical artacks.

Im the stedy of DesndaylRathod ot.al 2020) assesameant of the meinforced concrete by adding F-glass
and basslt Sbers Basalt fiksrs act as toughsning matsrials in the comcrete, which resists great impact
Ioad and prowvide sasly strength to the concrete. By increasing amoent of basalt fber, the sitrength is
increased, also they provide highor siffness and meodutes of slasticity to the concrets.

The crack amesting mechaniwm of basalt Sher increasss the compressive smength in concrede. By
increasing the comcenmation of fhaer incorporated in comcrote, it will increase it propertios.
ZeynepAlgin st al {2020) iovesteated.

Flax Shars bave rough surface which provide: good grip to the geopohymer whomeas basalt Sbhars have
high temsile stength and sovooth sarface. Hencs glass fbsrs can be meplaced with thess fibers, which
will reemit in highar strength of the composite. Extracted from MircslawFrydrych ot al {2020 smdy.
Imcreasing the amount of besalt fiber resmlted in low shump flow becesss of imcreased frictom
cosfficient betaeen the fiber and the mostar Basalt fiber and GCC showed slowr bydration process,
honce can be mied tn macs conorete stnctimes. Enhancamant of physical and mechasical propertios In
BPLC was doe to the filling of adr veids in the mortar by BF and &0C, under the discussion with
stady done by 5. N Kambure et.al (20200

Imcreasing the comtsnt of silica Femes and basalt fber. reduced the poresity in the mostar, leading to
imvproved water recistivity with the discession of Muhammad RiaxrAbmad gtal { 20200 sy,

I we comment on Eatharina Walbrack et al (2021} stady we can conclnds that overall serface amea of
the fiber was covered by the peo-polymer, there iz good packing between both the surfaces, which
resulted in lower thernsal comdnctivity. This kind of fher-geopoloser mathix cam be wsed for thermal
insmlation purposes. Imcreasing the fiber size results in loss packing structers of matrix gZiving rise to
voids and porosity. Higher the poresity in tho matmx it loads to low compressive stungih and lowr

4. Concluziom

Basalt fikers has smerged 25 an sfectve reinforcemant material in the geo-polymver composites. They
enhance the frash, hardoned amd microsmacmral propertes of the concrete. They have high medstance
to chemical szvironeseet Basalt fibar muinforced geo-polymer concomete poarfooms bettor then the
ordizary comcmeite. Incorporating basalt fitsrs cootribwie te the growth of Tactare propertiss and makes
the propagation of cracks difScmlt. Seiting tmes of the concrete wore found fo be wnlarped with the
increase in basalt Bber percentage and alio resulted in the meduced dry shrinkege of the geo-polymer
morter. Basalt Shern sokance the recistance to sulphate and chloride atack. They increassd tho
durability of the mvortar against Eeexs thaw cycles.
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CONVENTIONAL CONCEETE REEINFORCED WITH BASALT FIBEE
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Concrete is most widely used and essential ingredient in the constraction sector. Cament being ons of
the key component in the concrete. Its prodwction emits carbon dioxids in the stmosphere and hence
sustainable material development has become very important in today s scenario. Cement itself is very
wedk in tension and therefore requires exira reinforcement to bridze this zap Mowadays fibers have
gamed popularity in the industry for its various utlities in Selds such a5 constructon, aesomaItcs,
mechsmical and energy emussion Basalt fibers has gamed amenfion due o s eoviomment fendly
nature and is nsed in this sdy as reinforcement in concrete. Basali Sbers are incorporated in this study
from 0.1 to 0.5% volime faction Strensth parsmeters are imvestizated such 3 commpressive, tensile
and flexore. Addition of basalt Gber has given positive remlts n increasing the sirength The highes:
conpressive soeagth and Sexure strength was achieved at 0.3% addition of basal fiber whereas the
maxinmon sphit tensile smensth was achieved at 0.2% additon of basaly fiber. The worksbility of the
concrete has been found to be decreased with the firther addition of basalt Gher.

Eevwords: Basalt Sher, concrete, cement, remforcement | strength
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Effect Of Concentration Of Sodium Hydroxide solution On Geo-
Polymer Concrele
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Ahbstract

(reapalymer i3 the mew age concree made By replacimg cemeny in concrese by g mobsinee marenial which ir
przzolanic in aawre ke maakorkin cloy. This paper presesy the effec of rodium fydraride eofteion on workahiline
of BFRGCMole"s concemraives were weed ar albrline somveors. roluien-o-fly ask raio of &35 war consdered
in preparing peopehmermines The wemperamre of oven caring way mamszined o 80°C each frer g heating perind of
M howrs and wexted for cowmprevsive srengrh Tes resulby show chay she worka by ond compressive arenph boek

fmorease with imcreaee in concenrsion of sodinm fvdrovide sofwion
Keywords- M ezabaolin, peopelvmer conorae, molariy, sodinum fvdrovide and sedium sifome
L Introduction

Cement which is main ingedient of concrele produces emission of green howe geces like oo [1.2] As the demand
is incTeaxing in comstruction indusiry, consumption of cement is increasing. Source material sach as meiakanlin day
iz pmsent abundanily. Sodium hwirmide and sodium slicate solution wem wed = alkalie aclivalors
Polymerization is the process of chemical reaction o form polymer chains. Metakaolin macts with alkaline
activatons (o form binder.

1 literature RBeview

P.Udavkimar eval 2006 ued metakzolin and granulaied blast furnace chg (ggkbs | 1o prodece: M40 geopalymer
conceie.  Heams wem casted using geopolymer concrefe and comventional conceie. They concliaded that the boad
i flection oanve s wee almost similar for both the beams. Hoeever the cracking moment was lower for geopolymer
beam compamd with comventionl beam

Sonzli ob & M4 found o ghat by inceasing the quaniity of quarmy sand wplo cerizin fmit, the compesave
dmngth mcease s The quany =and was used 0% in place of rver sand. The cement was eplaced with GOES
They concluded thal the workability incezsed by increasing the (GOBS percentage but the simngth was found 1o be
decm asing.

Rashida et al 2016 used fiy zsh in the geopolymerconcee. The samples wer omed al 607 and one ay oming time
The concentration of Ma(H was aken from 26 o |BM 1o study the mechamical properties of geopalymeTt conoeie
Hemce the oplimem concentration which exhibited satisfactory msults was found oot o ke |26 whem e best
mechamical properies wen obiained.
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Peigang He etal 2010 dwodied the effect of high tempersfure oo microssucture and mechanical properiies on
unidlirecticnal carbon fiber minforoed peopoly mer composiie. They found oul that the mechamical properties can be
improved by heal tmatment  in temperabere from 1100 o 1200°C for composiies which wem tmaed at 1400°C,
their mechanical properiies wem lowemd

1 Methodology

1| Materials used

1 1.1 Metzkanlin

Mataksalin is 2 De-hydroxylaied form of the clay mineral kaoliniie. The padick swe of

metakzolin s smaller than cement particles, ket nol as fine = silica fame. The gquality and

mactvity of metakactin is srongly dependent of the characienistics of the roe maierial used

Matakaolinis produmd by heating kaolin nateral clay io lemperature between G50-900°C L

has high performance high srength and msisance incease doe o chemical atiack and has

imerasmed durability.

Tabrke |- Piapwicald properiies of Miciakaolis | 3]

Specific gravity 2 3 in 260
Calor T whiie
Physical Fom Powedar
Averape plastic Soe <15 pm
HRrightness .52
Hunter [ BET 15mig
Specific surface E 15mlia
Tabke 2.0 Coeg af I m

Chemical compssition WL S
Satphur Trioxide (503) {150

A lkealis (Na2), B30 <150
Losx of ignition L0
Miistum conbent <0

Table 1 Metlrsclin proportics [3]

Physical Propemies Metakanlin
25

Bpecific gravity

Mizam grain siee 254

Specific ama (cm2gh 1 SNN)- 1 BDEND
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Calor ory to cream

Chemical Composition

Silicon dioxide (5102 55
Aluminum axidedd Bal) W3
Iron oxide (Fe203) 110
Calciem axide (Ca(0) 020%
Magnesium axide (Mgl 0208
Sodium oxide (Na203) 0s-1.2

Polassium axide (K20

Losx om ignition wld

112 Fine A ggregaie

Fine graded aggregale was used o give mimimum void rago and e fomdeletericss makerids e clay, silt
conient and chioride contamination eic. bocally available river sand (ocoars sand)) conforming to Cirading Fiome [T
of 15 3831970 was weed as fine apgregae. The sand was waxhed and screened al sile o mmove deleerious
maketizls and iesied as perthe procedure given in 15 23B6|%E (Pan-3)River sand from Chandrapeer is wed
im this sudy

Table 4 . Pirpeical Propertes of fine ygrepie

5. Mo Property V alhoes
| Specific gravity 13
1 Finenam modulus 151
3 Rulk modulus | 5

113 Sodiem Hydrozide

Sodium hydrowide, also known = caustic soda, @5 an inosganic compound The most common alkaline
activator used is the miviue of Sodiem hydrovide and sodiem silicae. 1 is 2 white solid and highly casstic meiallic
base and alkali of sodium which ix  available in flakex, gremukes, and = pmpamd solutions ot diflerent
concentraticns. Dhae o ils availabiliy, it is wed in vanous memafacturing indestries such as paper industzy eic

Tabke 5 Specificafons of Sodiom Fhydroxids Flakes [3]

MimimumAssay {Acidimeic)Mazimam limits of s
mpurities

Carbonaie z
Chiloride 0%
Phosphaie L001%
Silbcaie [
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Sulphais LO1%
ATsemic L0000 %
Iran [ O 5%
Lizad e

1| 4Sndiem Silicae

Sodium silicar i the common name for Ma25i07% Ao knren = water glass or hquid glass, which am available
in ague-pus sohution and in solid fom.

Ma?(05 + 5802 — BalSi03 + 02

A chemica reaction occurs with the emcess Ca ((OH)2{Portlandite) present in the concreie thal permanenthy
binds the silicaies with the surfac, making them far more durable and waler mpellent This ype of activator
plays an imporiant role in the poly mereafion process.

115 Coarse aggregaie
Graded coane aggregaie of sive | Dmm was nsed in the stady 2 per [5 38% 1970

Tabke & Phrymical properiies of coane spgmogies

Specific gravity 1749
Halk density (ksfm3) 1511
Fineness modubes 7.3

W ater ahsorplicn 4l

11 Nethodology

172 1 Pregaration of alkaline solution

Sodium hydrogide pellets wem wed o prepan: solution. The molkecular weight of sodism hydroide is 400 For
exzEmpl o prepare Emolar sodisen bydroide solulion, 3Mgm of NaQH hkes were weighted 2nd discolved in
distill waler 1o prepase one litne solution

12172 Mixing of gropolymer conceie

Maetakzolin pracder, fine aggregaies and coarse aggregaies were mined property 11l uniform colour was ohiained.
After thoroagh mixing, the alkaline schation which was pepared 24hours prior, was pommd into the dry mix and
mized properdy. The prepared comcmete mix was poured into |1 50men coubes and vibraied on shake t=hle. As no oode
for mix design of geopolymer concrele i available | ils demsity is assumed.

172 3% Curing

The geopolymer concmede mowlkds ane oven cured 28 80°C sach for a heating period of 24 hosrs. Then the samples
are: ambiznl cumed afier demcalding and tested for compressive srengtis.
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4 Fesulis

In thix section, the experimental ssulis ohiained e presenied.

&0

Compressive Strength of 1084 NaOH solution

i

F w
=
= l?mp
E = B3 cays

20 -i‘.E_'F
% 1 50 days
; 0

o

1o 11 2001 231
Sodium silicate : sodium hypdrovide
Ciraph |- Compas mive Sty of FOM NailH Soktios
]
Compressive Strength of 128 MaOM wlution

3o
E 40
= BTy
E 3In 4 -:I.Il-_"!
a 022 oz
p ] 50 cayz
A

101 131 204 31

Sodivm siliczte : sodium hydroocide

Ciraph 2 Comp mivs Serergés of F2M NallH Sckatics

PALGE MO 171

127



Fourmal of Systerys Engineering and Flecoomics (ISEM MO: 1671-1793) Voleme 34 ISFUE 5 2024

50
Compressive Strength of 140 NaDH solution
% B7 gays
£ W14 cays
; 22 pays
- 90 cays
E
1.0 154 201 231
Sodium silicate - sodium hydroxids
Uiraph 3: Crrpezmive Staggh of 148 MalH Sohoion
= Compressive Strength of 16M NMaOH Solution
40
3
3
& 30
%: EE 7 days
5 | W14 cays
T 22 pays
T . 90 cays
£
U g
1o 131 2.0l 231
Sodium silicate : sodium hydroxide

Uiraph 8- Corpasmive Stagth of 1@ MaDH Sciion

& Condlusion

With the incresse in molamity of sdiam hydroxide =zolution, the compressive simngth of geopolymer concme
gmngth was found to be incemed upto 14 M afier which is was found to be decmeasing. Stmength gain of
peopolymer concrele mcmases with ape upto 90 days afier which there is no sSgnificant incease in stength
Ambient curing helped in atiaining swength which & alsx practically comvenient Early compressive dmngth iz
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ch=erved in case of peopolymer concmte, hene whene high early dmngth iz mguired in projeds, geopolymer
conce e can be proved bene fcizl
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