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Abstract

During the most recent couple of decades, with the chance of fortifying the solid with fiber support to
an incredible preferred position, the solid development field has encountered an expanded
consideration. Various strands utilized are steel, manufactured, glass and common filaments, a portion
of the planned advantages of filaments in concrete are improved split control and the chance of
planning progressively thin structures. Glass fibre is a vital ingredient used with concrete for stopping
mounting cracks. In this laboratory work extensive studies have been carried out on GFRC with varied
% of glass fibre mix. Using the results obtained through experimental studies mathematical model has
been developed which can help in working out the optimal value of compressive with GFRC. It has been
observed that depending on the requirement, optimal mix can be fixed with the intention of maximizing
either one of the parameter, namely, compressive strength. Based on the calculation of maximum
strengths for GFRC will give the best strengths and the optimal fiber mix will be in the range of 0.61%
to 0.65% by volume.
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INTRODUCTION

During the last few decades, with the possibility of strengthening the concrete with fibre
reinforcement to a great advantage, the concrete construction field has experienced an increased
attention. Among the different fibres, namely, steel, synthetic, glass and natural fibres, in use at present,
steel fibre is the one that has been mostly investigated in depth. It is the commonly used reinforcement
in civil engineering construction. Fiber fortification today is utilized for the most part in applications,
for example, modern floors, overlays and showered concrete, albeit other application regions do exist.
A portion of the imminent advantages of strands in concrete are upgraded break control and the chance
of planning progressively slim structures. Be that as it may, the degree of the split control depends to
an enormous degree on the sort and volume of filaments included.

Akhil [1] has clarified exploratory examination on mechanical properties of coal debris strengthened
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Deshmukh [2] has drawn out the consequence of a trial concentrate on reinforcing of solid utilizing
Glass fiber. The trial examination in the glass filaments in various rate 0 to 0.1% has been read for the
impact on mechanical properties of cement via conveying compressive quality test, flexural quality test
and parting rigidity test. The test outcomes have indicated that, the expansion of glass strands into the
solid blend possibly improves the compressive quality at 28 days. It is seen from the test results and its
investigation, that the compressive quality of cement, flexural quality of concrete, parting elasticity of
solid increments with expansion of Percentage of glass fiber. The 0.1% expansion of glass fiber into
the solid shows better outcome in mechanical properties and strength.

Fiber Concrete with various evaluations, for example, M20, M30, M40 and M50has been researched
by Chandramoli [3]. In the present trial examination the salt opposition glass fibre has been utilized to
consider the impact on compressive, split, ductile and flexural quality of M20, M30, M40 and M50
evaluations of cement. The test outcomes have demonstrated that the rate increment of compressive
quality of different evaluations of glass fiber concrete blends contrasted and 28 days compressive
quality is seen to be from 20 to 25% and the rate increment of flexural and split rigidity of different
evaluations of glass fiber concrete blends contrasted with 28 days is seen with be from 15 to 20%. With
decrease in draining the surface uprightness of cement improves, its homogeneity improves and
furthermore the likelihood of splits diminishes.

Shrikant Harle &Ram Meghe [4], have directed the test concentrate on the glass fiber fortified cement
and its properties. It has been reasoned that Flexural quality and split rigidity show increment of right
around 15 to 20% when contrasted with 0% glass filaments. Likewise the rate increment of compressive
quality of glass fiber concrete blends contrasted and 28 days compressive quality is seen as 20 to 25 %.

Khatri et al [5], have examined the impact of various valuable cementitious materials on mechanical
properties of superior cement. The examination concentrated on to analyze the mechanical properties
just as new solid properties of cements containing silica smolder, ground granulated impact heater slag,
fly debris and General Purpose (GP) Portland concrete. Concrete blends have been set up with GP
Portland concrete, high slag concrete and slag concrete, and furthermore blends have been set up with
the expansion of silica smoke and fly debris. The work has concentrated on concrete blends having a
fixed water/folio proportion of 0.35 and a steady all out fastener substance of 430 kg/m3. Aside from
estimating new solid properties, the mechanical properties, specifically, improvement of compressive
quality, flexural quality, versatile modulus, and strain because of creep and drying shrinkage have
additionally been assessed. The compressive quality of cement containing GP concrete, fly debris and
silica smolder is higher (46%) contrasted with the compressive quality of cement containing just GP
concrete at 28 years old days. It was additionally seen that the option of silica seethe essentially expands
the flexural quality (45%) of GP concrete. The expansion of silica rage additionally improves the
versatile modulus of GP concrete.

Duval [6], has contemplated the impact of silica rage on the usefulness and the compressive quality
of superior cements. The usefulness and the compressive quality of silica smolder cements have been
examined at low water-cementitious materials proportions with a naphthalene sulphonate
superplasticizer. The outcomes show that incomplete concrete substitution up to 10% silica seethe
doesn't decrease the solid usefulness. Besides, the superplasticizer measurements relies upon the
concrete qualities (C3A and antacid sulfates content). At low water-cementitious materials proportions,
droop misfortune with time is seen to increment with high substitution levels. Silica seethe at
substitution substance up to 20% produce higher compressive qualities than control cements.

Akash [7] has researched through exploratory examination, dynamic conduct of cross breed Jute/sisal
fiber fortified polyester composites. The normal damping factor acquired for major recurrence of half
and half jute-sisal cover (3.681%) is 1.15 occasions higher than that of jute overlay (3.19%). Half and
half jute-sisal texture strengthened polyester composites have great damping factor when contrasted
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with traditional composites. Along these lines, these composites can be utilized as vibration retaining
materials in specific applications, for example, vehicle businesses, for house development roofing
material and for indoor applications.

Tamil Selvi [8] have examined the properties of steel and polypropylene fiber fortified cement with
no admixtures. They are utilizing steel, polypropylene and half breed polypropylene and steel strands
of different extent like 4% of steel fiber, 4% of polypropylene fiber and 4% of crossover polypropylene
and steel (creased) filaments. At last they presume that the steel fiber strengthened cement improves
compressive quality and split elasticity.

Parvez Soroushian [9] has examined the streamlining of the joined utilization of two distinct kinds
of fiber in cementitious networks. The two sorts of strands that have been utilized are a high modulus
polyethylene fiber and a fibrillated polyethylene mash. The impacts of various fiber volume portions of
the two filaments and their collaboration on the effect opposition, flexural quality and durability and
compressive quality of cementitious materials produced with an elite blender have been researched. It
has been accounted for that consolidated utilization of two strands prompts higher effect test results,
where the cooperation of the two filaments really articulates each other's viability in expanding the
effect obstruction. The flexural execution is likewise improved while consolidating these two strands;
however, over the top measures of filaments effectsly affect flexural execution. While filaments by and
large effectively affect the compressive quality of concrete based networks, the nearness of one fiber
type was seen to decrease or dispense with the negative impacts of the other one on compressive quality.

Govindarajan [10], the compressive strength, flexural strength, and split tensile strength of glass fiber
and natural fiber having fibers of 0%, 1%, 2%, 3%, 4%, and 5% volume of fraction were calculated in
this study using M-25 grade concrete. An examination outcome contrasted with a typical (0% fiber).
Ultimately, glass fiber and natural fiber are graphically portrayed.

Jedulius.G[11] Using CEM-FILL anti-crack, high dispersion of variance alkali-resistant glass fiber
with a diameter of 14 microns and an aspect ratio of 857, this study evaluated the use of glass fibers in
concrete for structural purposes. The glass fiber was used in concrete at weight percentages ranging
from 0.33 to 1%, and its properties, including toughness, modulus of elasticity, compressive strength,
and flexure strength, were examined.

Hemalatha [12] have examined strength and GFRC's durability attributes. According to 1S 10262-
2009, super plasticizer (conplast), water cement ratio, and M40 grade of concrete are considered as
0.40. The performance of cement concrete that has had different amounts of glass fiber added to it—
0.33%, 0.66%, 1%, 1.33%, 1.66%, and 2% is examined. Lastly, a comparison of the qualities of
durability and toughness between Control Concrete and Glass Fibre Reinforced Concrete is study.

MATERIALS DETAILS
Cement

It is defined as a substance with cohesive and adhesive properties that allow it to combine separate
material components into a compact mass. A mixture of substances that are naturally occurring
calcareous (containing calcium carbonate or lime) and argillaceous (containing alumina) materials
undergoes combustion in a precise proportion to partially fuse the materials at a high temperature of
approximately 14500 C. According to 1S 4031-1988 testing, regular Portland cement was divided into
three grades: 33, 43, and 53. These grades were based on the cement's strength after 28 days. 53 grade
cement is defined as having a strength after 28 days that is not less than 53 N/mm2. Selecting 53 cement
grades for in this investigation.

Fine Aggregate

The natural river sand will be tested in accordance with 1S 2386, with a portion of it going through a
4.75 mm screen and being retained on a 60 micron sieve. The specific gravity of sand is around 2.61
and its fineness modulus is 3.12.

© STM Journals 2024. All Rights Reserved S268



Experimental and Statical Analysis of Glass Fibre Reinforced Concrete Govindarajan S. et al.

Coarse Aggregate

For this investigation, a 20 mm coarse aggregate has been chosen. We shall test the physical qualities
in accordance with IS: 383-1970. The specific gravity of sand is around 2.72 and its fineness modulus
is 5.94.

Water
To make concrete and cure the specimen, portable tap water that satisfies 1S 456-2000 standards and
has a pH of 7.0 is available in the laboratory.

Glass Fibre

Glass is a product obtained by fusion of inorganic oxides. Silica is the most important inorganic oxide.
The other important constituents in glass are calcium, aluminum, alkali metals and boron. Glass has
been defined as an inorganic product of fusion which, when cooled, becomes rigid without crystallizing.
The major constituent of most commercial inorganic glasses is silica.

Figure 1 shows the Glass fibre is essentially glass drawn in the form of continuous fibres. This has
to be distinguished from glass wool which is a discontinuous staple fibre. The fiberising process for
glass wool is different from that of fibre glass. The end uses are also different. Fibre glass is
commercially part of plastics and electrical industries as it is used either as a reinforcement in reinforced
plastics or as yarn / fabric in electrical insulation. Glass wool, on the other hand, is almost entirely used
for heat and sound insulation.

Figure 1. Glass Fibre Strands.

53 grade Ordinary Portland Cement complying with the provisions of 1S12269:2013[10] were used.
The fine and coarse aggregate constituted by river sand and graded crushed rock of 10mm and 20mm
complying to the quality specifications 1S383:1970[11]. The fineness modulus of 10mm and 20 mm
coarse aggregate were determined using 1S2386 (Part -1) 1963[12]. The corresponding specific gravity
were determined by the provisions of 152386 (Part -111)-1963[13]. Table 1 represent the mix proportion
of M50 grade of concrete usinf Indian Standard Method.

Table 1. Mix Proportions and Quantities of materials.

Water (kg/m?) |Cement (kg/m?3) |Fine aggregate (kg/m?3) |Coarse aggregate (kg/m?)
185.4 475 495.23 1206.83

0.39 1.04 25

[N

EXPERIMENTAL STUDY ON GLASS FIBRE REINFORCED CONCRETE
For the compressive quality test examples of measurements 150X150x150 mm are thrown for M50
evaluation of cement. Superplasticizer (0.9% by weight of concrete) has been added to this. The moulds
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are loaded up with strands of the necessary rate. Vibration is given to the molds utilizing table vibrator.
The top surface of the examples is leveled and wrapped up. The examples are demoulded following 24
hours and moved to a relieving tank where in they are permitted to solution for 28 days. These 3D
shapes are tried on blocks pressure testing machine according to May be. 516 — 1959[13]. The
disappointment load is noted. Three solid shapes in every classification are tried and their normal worth
has been recorded. The Figure 2, shows the cracking pattern of cube specimen. The crack width start

from bottom of the specimen to linearly expanded.

w2

[
Figure 2. Cracking of GFRC specimen in axial compression.

Table 2. Compressive Strength on GFRC test results.

Sample |%Fibre Compressive Average Compressive|Compressive  |Average Compressive

No Volume Strength (MPa) 7|Strength (MPa)|Strength Strength (MPa)
days 7 days (MPa) 28 days |28 days

1 Conventional  [38.78 55.34

2 Concrete 37.64 38.24 53.68 54.28

3 38.30 53.82

1 1.0% GFRC  |51.58 67.60

2 51.34 51.22 68.40 68.56

3 50.74 69.68

1 2.0% GFRC  |48.60 64.12

2 45.94 47.46 66.38 65.22

3 47.84 65.16

1 3.0% GFRC 43.88 59.68

2 43.42 43.21 62.54 61.02

3 42.34 60.86

1 4.0 % GFRC 41.16 57.76

2 40.38 41.16 59.88 58.86

3 41.96 58.94

1 5.0 % GFRC 39.12 54.78

2 38.14 38.80 55.62 56.24

3 39.16 58.34

Figure 3 and Table 2 show the examination of solid shape compressive quality of GFRC. The
customary cement with no blend of strands has the most extreme compressive quality of
54.28MPa.With 1%, 2%, 3%, 4% and 5% of GF in Ms grade concrete, the compressive strength is
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68.56, 65.22, 61.02, 58.86 and 56.24 MPa respectively. In comparison with conventional concrete, GF
addition of 1%, improved the compressive strength by 26.30%. The addition of GF beyond 1% does
not improve the compressive strength.
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Figure 3. Comparison of cube compressive strength of GFRC.

STATISTICAL ANALYSIS OF THE TEST RESULTS

Conversations on the static mechanical properties of compressive quality and standard deviations are
introduced.

Quality standard deviation decides the preliminary quality of solid blend, and it is imperative to the
blend extent plan and quality control of cement. Standard necessitates that the normal quality of any
four continuous test outcomes will not surpass the evaluation quality by an edge of 5 MPa (3MPa if the
standard deviation of at any rate 40 test outcomes doesn't surpass 5MPa). Every individual test outcome
will be close to 3 MPa beneath the evaluation quality. This is like that predetermined in the British
Standard (BS5328: Part 4, 1990) [14]. Definite factual investigation of the test outcomes have been
completed to guarantee that the material blend of the test tests is according to wanted amounts and
display attributes inside the ideal standard cutoff points.

Second order mathematical models for predicting the various mechanical properties are derived and
the predicted values of various mechanical properties obtained through mathematical models are
tabulated and compared with test results. Conducting large number of tests to find out the optimal % of
fibres will not be practical. So to establish the methodology one case study to work out the optimal
value of fibre % has been carried out and confirmed using the mathematical model. For all other cases
optimal values are calculated using the mathematical models. Using the mathematical model optimal
mix is worked out and the optimal strength values that could be obtained are calculated and reported.

Since most extreme estimation of the compressive quality happens at an estimation of blend
somewhere in the range of 0 and 1 %, no ideal worth can be found past 1. Compressive strength shows
a decreasing trend between 1% mix and 5 % mix. Polynomial fit is developed using the test results for
the range of 1% to 5 % and this polynomial is applicable for mixes ranging from 1% to 5 % only. It will
not be applicable for calculating values between 0 and 1 %. Variation of compressive strength with
various mix of GFRC between 1%and 5 % are presented in Figure 3.
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Mathematical model arrived at using statistical methods of curve fitting for predicting the
compressive strength is given by,

Compressive strength is,
ocf=— 1.424Wf**2 + 6.451Wf +57.62[1]

where,

WT =% of GFRC in concrete

AVERAGE COMPRESIVE STRENGTH, MPa
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Figure 4. Average compressive quality versus % of GFRC at 28 days.

Table 3. Predicted compressive strength for GFRC Mso Grade (28 days).

Sample (% Fibre Volume |Observed Compressive|Predicted Compressive|%  diff w.r.t. observed
No Strength, (MPa) strength, (MPa) compressive strength
1 Conventional 54.28 NA -
Concrete
2 1.0% GFRC 68.56 62.65 8.62
3 2.0% GFRC 65.22 64.83 0.59
4 3.0% GFRC 61.02 64.15 -5.13
5 4.0% GFRC 58.86 60.64 -3.02
6 5.0% GFRC 56.24 54.28 3.48

TEST RESULTS

In comparison with conventional concrete, Table 3 show the predicted compressive strength value of
28days in addition of 1%, improves the compressive strength by 26.30%. The addition of GF beyond
1% does not improve the compressive strength.

GFRC blend gives the best outcomes as far as Compressive quality. For compressive quality ideal
worth is accomplished for a blend % of 0.618 and 0.631 for 7 days and 28 days restoring for Glass Fiber
Reinforced Concrete. Figure 4 show the statistical result compares with the experimental result value
of 28 days compressive strength using second order differential equations.
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CONCLUSION

Detailed statistical analysis has been carried out to calculate the standard deviations of the results for
various samples. It has been observed that standard deviations are all within the acceptable limits as per
standards. This confirms the correctness of proper mix of various materials in the samples.

Scientific model is produced for each utilizing measurable bend fitting procedures. Estimations of
different qualities like compressive quality are anticipated utilizing the scientific model created and
contrasted and the test outcomes. Variations in the values have been found to be within acceptable
limits. Having confirmed the validity of the model, optimum values of various strengths are calculated
using calculus methods. Results of such detailed analysis are reported in this research work. Based on
the calculation of maximum strengths for GFRC will give the best strengths and the optimal fiber mix
will be in the range of 0.61% to 0.65% by volume.
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