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Abstract

Concrete is a frail building material in strain. Characteristically, because of variety in temperature small cracks will be available in con-
crete. In addition, solid experiences low rigidity, constrained flexibility and little protection from splitting. Plain concrete will create
splits because of plastic shrinkage, drying shrinkage and different reasons also .The advancement of these small scale breaks causes flex-
ible miss happen-ing in concrete. The solid with no fiber is considered as fragile and feeble material. Related to glass fiber use there lies
numerous techno efficient inquiries that settles on the decision of GFRC over strengthened cement troublesome. This paper exhibits the
change in the mechan-ical quality properties and flexibility properties of Glass Fiber Reinforced Concrete. An Experimental program
was done with and without utilizing glass fiber in various rate 0 to 0.09 percentages in conventional concrete keeping in mind the end
goal to enhance the mechanical properties, stretch strain conduct and arrangement of splits. In light of the outcomes acquired from the
trial comes about the conclusion is that both fiber and cementitious lattice can hold their physical and substance properties and they de-

liver a blend of properties that can't be accomplished when these segments are acting alone.
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1. Introduction

Concrete is moderately good in compression yet frail in strain and
has a tendency to be weak. The shortcoming in tension can be
overwhelmed by the utilization of reinforcement and adequate
quantity of fibers. The utilization of fibers additionally enhancing
its durability and resists against cracks. Plain concrete is a fragile
material, having the lesser values of young’s modulus and strain
limit. To meet the required value of flexural strength and upgrade
the strain limit of the plain concrete, the fibers s are being utilized
as a part of typical cement. The expansion of fibers in the plain
concrete will control the splitting due to shrinkage and further-
more lessen the seepage of water. The expansion of glass fibers in
plain concrete shows higher compressive strength than plain con-
crete. The fibers interlock and trap around aggregates and signifi-
cantly decrease the workability, while the mix becomes more co-
hesive and less prone to segregation. The main considerations
influencing the fiber strengthened concrete are: water proportion,
volume of fibers used and dimensions of fibers. The location and
extent of cracking under load will depend upon the orientation and
numbers of fibers in cross section. The fibers improves the re-
sistance towards shrinkage and creep movements of reinforced
concrete. Fiber-reinforced concrete (FRC) can be grouped into
two categories those with low modulus of elasticity and those with
high modulus of elasticity. Synthetic, organic fibers, such as ny-
lon, polypropylene and polyethylene, belong to the first category,
whereas steel, glass, asbestos and carbon fibers belong to the sec-
ond one. Use of the former group of fibers does not lead to in-
crease in strength, but does improve material toughness and re-
sistance to impact and explosive loadings. The latter group of
fibers improves the strength and stiffness characteristics of con-
crete and, to a varying degree, its dynamic properties. Glass Fiber

Reinforced Concrete (GFRC) is a type of fiber reinforced con-
crete. Glass fiber reinforced concrete (GFRC) are the principal
load-carrying members, while the surrounding matrix keeps them
in the desired locations and orientation, acting as a load transfer
medium between them, and protects them from environmental
damage. In fact, the fibers provide reinforcement for the matrix
and other useful functions in fiber-reinforced composite materials.
Glass fibers can be incorporated into a matrix either in continuous
lengths or in discontinuous (chopped) lengths. According to [1]
GFRC provides an ideal system for achieving the durability re-
quirements of new constructions. This research study investigated
the characteristics of GFRC with varying percentage of addition to
M20 grade of concrete. The objectives of the research work was to
study the durability properties of M20 grade of concrete with
varying percentages of addition of glass fibers 0.03%, 0.06 % and
0.1% at 90, 180, 365 and 720 days and compare with 0% at 90,
180, 365 and 720 days. The performance of GFRC increased with
regard to durability. From the studies of [2] The percentage in-
crease of compressive strength of various grades of glass fibre
concrete mixes compared with 28 days compressive strength is
observed from 20 to 25% and the percentage increase of flexural
and split tensile strength of various grades of glass fibre concrete
mixes compared with 28 days is observed from 15 to 20%. [3] In
this study, control mix A was designed as per IS 10262:1982 to
achieve a target compressive strength of 20 Mpa. The glass fibers
of 0 %, 0.03%, 0.06% and 0.1 % by volume fraction of concrete
were used. In this experimental investigation cubes of 150mm x
150mm x 150mm of M-20 grade concrete were casted with vary-
ing percentage of addition of 0.03%, 0.06% and 0.1% of glass
fiber. [5] The use of glass fibers has increased the compressive
strength. Flexural strength using center point loading also meets
the required parameters. In this study trial tests for concrete with
0.56 % glass fiber and increasing% hypo sludge are conducted to
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indicate the differences in compressive strength and flexural
strength by using cubes & beams. [7] Studies on investigating
usage of paper industry waste in concrete was tested as an alterna-
tive to traditional concrete. The cement has been replaced by pa-
per industry waste in different replacement levels like 0%, 10%,
20%, and 30% by weight for M-25 grade of concrete and found
out strength properties. It was concluded that compressive strength
was improved with 30% replacement of cement. Work has been
conducted by [8] Based on experimental investigation on adding
of Glass Fibre to plain concrete increases the strength and durabil-
ity characteristics. Based on the test results it is noticed that
strength characteristics like compressive, flexural and split tensile
strength is gradually increased with the addition of glass fibres and
concluded 1& is optimum. [9] In which they used steel fibres at
0.5 % by volume of concrete and found out workability, compres-
sive strength and split tensile strength and based on test results it
was concluded that reduces workability of concrete in comparison
to other fibers for different volume fraction and strength properties
were increased. Also concrete reduces the cracks under different
loading conditions and the brittleness of concrete can also be im-
proved by addition steel fibers than glass fibers. Since concrete is
very weak in tension, the steel fibers are beneficial in axial-tension
to increase tensile strength. From the studies of [10] they casted
cubes and cylinders with different proportions of glass fibres like
0.5%, 1%, 2% and 3% and tested for work ability, compressive
strength, flexural strength, split tensile strength for M-20 grade of
concrete at 7 and 28 days are observed from the results that addi-
tion of 1% can increase in strength properties and it is optimum.
Also cement reduces the cracks under different loading conditions.
It has been observed that the workability of concrete increases at
1% with the addition of glass fibre. Based on the experimental
studies done by [11] on concrete mixes, they concluded that usage
of alkali resistant glass fibers increases the strength properties
without affecting workability of concrete. However compression
strength with addition of fibres increase in strength up to 7% for
M 20 grade and 8.8% for M 30 grade of concrete and split tensile
strength for M 20 & M 30 grade of concrete increased 24.7% and
26.10% respectively.

2. Experimental procedure

The Experimental program was intended to ponder the compres-
sive strength and stress strain conduct of M20 grade (6mm length
of glass fiber), M20 review (12mm length of glass fiber),
M40grade (6mm length of glass fiber), M40 review (12mm length
of glass fiber) with and without expansion of glass fibers. The
program comprised of casting and testing a specimen’s number of
ninety six examples. In this 48 specimens of cubes with measure-
ments of 150mmx150mmx150mm and 48 samples of prisms
100x100x500mm. Of these 48 specimens of cubes 24 samples
(different rates of glass fibers 0%, 0.03%, 0.06% and 0.09%) are
implied for M20 review of cement with 6mm length of fibers uti-
lized and 24 samples (different rates of glass fibers 0%, 0.03%,
0.06% and 0.09%) implied for M20 review of cement with 12mm
length fibers utilized. Other 48 specimens of prisms 24 samples
(different rates of glass fibers 0%, 0.03%, 0.06% and 0.09%) are
implied for M20 review of cement with 6mm length of fibers uti-
lized and 24 samples (different rates of glass fibers 0%, 0.03%,
0.06% and 0.09%) implied for M20 review of cement with 12mm
length fibers utilized.

2.1. Materials used

Cement: 53 Grade OPC used in the investigation. The cement was
obtained from a single consignment with same grade &same
source. Few tests were done on cement like specific gravity, nor-
mal consistency and both initial & setting time and it was noticed
from the test results are 3.15, 32%, 34 min & 210min respectively

Fine Aggregate: Zone 2 aggregate was used in this investigation.
The bulk density, specific gravity, and fineness modulus of the
sand used were 1.41g/cc, 2.68, and 2.90.

Coarse Aggregate: The coarse aggregate was obtained from a
local crushing unit having 20mm well graded aggregate is used in
this investigation. The bulk density, specific gravity and fineness
modulus of the coarse aggregate used were 1.46g/cc, 2.78 and 7.1.
Water: Potable water was used in the experimental work for both
mixing and curing

Glass fibers: Some of the typical properties of Glass

Table 1: Properties of Glass Fibers

S. Cem-FIL anti-crack high dispersion
Trade name .

No glass fibers

1 Number of fibers 212million/kg
Aspect ratio for 6mm and

2 12mm 428.57,857.1

respectively

3 Specific surface area 105m2/kg

4 Typical addition rate 0.6 to 1.0kg/m3 of concrete
5 Tensile strength 1700Mpa

6 Modulus of elasticity 73GPa

7 Corrosion resistance Excellent

8 Specific gravity 2.6

9 Density 26kN/m3

10 Filament diameter 14p

11 Filament length 6mm and 12mm

Aggregate Properties: The specific gravity of coarse aggregate
was determined as per IS 2386. The specific gravity of natural
aggregate is presented in Table 2. The average specific gravity of
aggregate usually varies from 2.6 to 2.8

Table 2: Properties of Natural Aggregate

Properties Natural Aggregate
Bulk Density 1.46

% of Voids 44.26

Void Ratio 0.79

Specific Gravity 2.78

Fineness Modulus 7.1

2.2. Mix design proportions

Two different grades M20, and M40 mix were designed and Glass
fiber of different lengths were added 0%, 0.03%, 0.06%, and
0.09% of volume of concrete. The proportions arrived for different
grades of concrete are given in the Table 3.

Table 3: Mix Proportions for M20 and M40 Grade of Concrete with and
Without Glass Fibers

. Length_ o A Fine aggre- Cement Water WI/C
No bk ?rlr?rss)flber F.A a};@;gg/:ﬁ%ate gate Kg/m3 Kg/m3 Kg/m3 Ratio
1 M206 40/60 1292 559 383 191.6 0.50
M2012 40/60 1292 559 383 191.6 0.50
2 M406 40/60 1387 438 450 135 03
M4012 40/60 1387 438 450 135 03
3. Results

The trial examinations are directed so as to contemplate the com-
pressive strength and stress-strain conduct of different parameters
on M20 and M40 grades with and without glass fiber and the test
outcomes are discussed here.
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Fig. 1: Stress vs. Strain for M20 Grade of Concrete with 0% (6mm) Fiber
Content Respectively.
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Fig. 2: Stress vs. Strain for M20 Grade of Concrete with 0.03% (6mm)
Fiber Content Respectively.
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Fig. 3: Stress vs. Strain for M20 Grade of Concrete with 0.06% (6mm)
Fiber Content Respectively.
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Fig. 4: Stress vs. Strain for M20 Grade of Concrete with 0.09% (6mm)
Fiber Content Respectively.
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Fig. 5: Stress vs. Strain for M20 Grade of Concrete with 0% (12mm) Fiber
Content Respectively.
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Fig. 6: Stress vs. Strain for M20 Grade of Concrete with 0.03% (12mm)
Fiber Content Respectively.
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Fig. 7: Stress vs. Strain for M20 Grade of Concrete with 0.06% (12mm)
Fiber Content Respectively
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Fig. 8: Stress vs. Strain for M20 Grade of Concrete with 0.09% (12mm)
Fiber Content Respectively.
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Fig. 9: Stress vs. Strain for M40 Grade of Concrete with 0% (6mm) Fiber
Content Respectively.
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Fig. 10: Stress vs. Strain for M40 Grade of Concrete with 0.03% (6mm)
Fiber Content Respectively.
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Fig. 11: Stress vs. Strain for M40 Grade of Concrete with 0.06% (6mm)
Fiber Content Respectively.
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Fig. 12: Stress vs. Strain for M40 Grade of Concrete with 0.09% (6mm)
Fiber Content Respectively.
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Fig. 13: Stress vs. Strain for M40 Grade of Concrete with 0% (12mm)
Fiber Content Respectively.
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Fig. 14: Stress vs. Strain for M40 Grade of Concrete with 0.03% (12mm)
Fiber Content Respectively.
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Fig. 15: Stress vs. Strain for M40 Grade of Concrete with 0.06% (12mm)
Fiber Content Respectively.
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Fig. 16: Stress vs. Strain for M40 Grade of Concrete with 0.09% (12mm)
Fiber Content Respectively.
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Fig. 17: Compressive Strength vs. % of Glass Fiber (6 Mm) M20 Grade
Respectively.
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Fig. 18: Compressive Strength vs. % of Glass Fiber (12 Mm) M20 Grade
Respectively.
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Fig. 19: Compressive Strength vs. % of Glass Fiber (6 Mm) M40 Grade
Respectively.
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Fig. 20: Compressive Strength vs. % of Glass Fiber (12 Mm) M40 Grade
Respectively.

4. Discussion

Effect of Glass Fiber on strain at ultimate: From Fig. 1 to Fig. 16,
fibers used are different lengths i.e. 6mm and 12mm, from the
graphs it was observed that, 12mm fibers improve strength and
strain capacity compared with 6mm. GFRC specimens have
shown improved deformation capacity after reaching ultimate
load. As the percentage of fiber increased, deformation, i.e. strain
at breaking has increased.

Compressive strength - From Fig. 17 to Fig. 20 indicates that with
the addition of glass fiber, the pre-peak loading portion of the
load-deflection curve changes very slightly, but the post peak
loading portion of the load-deflection curve becomes less steep,
which resulted in a higher ductility of the material. Also as the %
of fiber increases, the compressive strength increases. It indicates
that with the addition of glass fiber in the outer shell of the cubes
the compressive strength is gradually increased with increased %
of fiber, but better strength results compared to 12mm fibers.

5. Conclusion

This investigation comprise of testing specimens and shapes com-
prehend the improvement of compressive strength, stress strain
quality of concrete with various rates of fibers.

1) Compressive strength of concrete is expanded with the ex-
pansion in level of glass fibres

2) Of the three fiber substance, i.e., 0.03%, 0.06% and 0.09%,
Example with 0.09% gave higher increment in strength than
the other two.

3) It is noticed that change in strength and strain of GFRC ex-
ample past extreme quality expanded with increase in fiber.

4) Strength of GFRC specimen with fibers used in outer shell
and used in complete specimen has shown that, the strength
of specimen is same as in both types. This may be due to the
fact that the fibers in outer shell have contributed to con-
finement; also confinement effect can be realized only after
reaching ultimate strength. Hence it can be concluded that
fibers may be used only in outer shell.

5) GFRC specimens have demonstrated enhanced disfigure-
ment limit subsequent to achieving extreme load. As the
level of fiber expanded, mishapening, i.e. endure breaking
has expanded.

6) Ductility of concrete specimens expanded by giving GFRC
external shell.
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