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I. INTRODUCTION
Concrete stands out as the most crucial construction
material globally, with its usage steadily rising
across all nations and regions. This trend owes to its
widespread availability and cost-effectiveness,
straightforward production methods, and versatile
applications in various building and infrastructure
projects. Despite its advantages, concrete's primary
drawback lies in its brittleness, lower tensile
strength, and susceptibility to cracking. To address
these limitations, incorporating dispersed fibers is
pivotal in advancing concrete-like materials. [1].
The advancement of concrete and cement-based

Technology has fueled the expansion of fiber-
reinforced concrete (FRC) and fiber-reinforced
cementitious composites (FRCC). Fiber-reinforced
concrete (FRC) is a structural concrete that has
increased ductility and decreased microcracking
due to the addition of steel or polymer fibers. At the
same time, FRCC material is characterized by a
high-strength cement-based mortar with tiny
aggregates (usually no more than 2.5 mm) and
adding one or more types of fibers. [2]. Glass,
carbon, polyvinyl, polyolefin, waste fiber materials,
and polypropylene are among the basic fiber types,
along with steel and synthetic fiber. Figure 1.0
depicts BISFA's general fiber classification. These
fibers impact the mechanical properties of FRC
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members, individually and in combination. These
mechanical properties influence the type, content,
and geometry of fibers. In cementitious composites,
adding fibers significantly improves reinforced
concrete members' mechanical and dynamic
properties. The enhancement level achieved was
determined by the type and dosage of fiber used
compared to plain concrete. Fiber reinforcement
provides adequate tensile strength, energy
dissipation capacity, and toughness. Shear,
punching, and flexure are significantly increased by
the level of enhancement accomplished. [3]
Polyvinyl alcohol (PVOH) is a water-soluble
synthetic polymer, PVA or PVAL. It is effective at
film-forming emulsifying and has adhesive
properties. It is odorless, non-toxic, and resistant to
grease, oils, and solvents. It is ductile but highly
flexible and is a potent oxygen and aroma barrier.
[4]. PVA is unique among polymers (chemical
compounds made up of monomers) because it is not
formed in polymerization reactions from single-unit
precursor molecules known as monomers. PVA
fibers are incredibly versatile in cementitious
applications due to their exceptional crack
resistance, high modulus of elasticity, superior
tensile strength, molecular solid bonding abilities,
and resistance to alkali, UV radiation, chemicals,
fatigue, and abrasion. They are distinguished by
their ability to form molecular bonds with mortar
and concrete, which are significantly more potent
on average than other fibers. Instead, PVA is
created by dissolving another polyvinyl acetate
(PVAc) polymer in an alcohol (e.g., methanol) and
treating it with an alkaline catalyst like sodium
hydroxide. The resulting hydrolysis, known as
"alcoholysis," removes the acetate groups from
PVAc molecules while preserving their long-chain
structure. When the reaction is allowed to complete,
the product is highly soluble in water but insoluble
in nearly all organic solvents. Incomplete removal
of the acetate groups yields resins that are less
soluble in water but more soluble in certain organic
liquids. [5-7]
Polyvinyl alcohol fibers (PVA or vinylon fibers) are
high-performance reinforcement fibers from
polyvinyl alcohol and are widely used in concrete
and mortar. Fiber (in mortar and concrete) is a
minor reinforcing material with specific properties.

They could be circular or flat. The aspect ratio is a
valuable parameter commonly used to describe
fibers. The aspect ratio of a fiber is the ratio of
length to diameter. Other important aspects, such as
density, modulus of elasticity, and tensile strength,
are frequently described. [8-10]. PVA fibers are
ideal for various cementitious material applications
due to their superior crack-fighting properties, high
modulus of elasticity, excellent tensile and
molecular bond strength, and high alkali, U.V.,
chemicals, fatigue, and abrasion resistance. PVA
fibers are unique in that they can form a much
stronger molecular bond with mortar and concrete
than other fibers. [11-13] Because these fibers are
refined and dispersed into monofilament fibers,
they are less likely to be visible on finished surfaces.
Their diameters determine how visible they are to
each other. Similarly, the smaller the fiber, the more
fibers there are for any given unit of measure,
making it more likely to choke mixes at higher
dosage rates. As a result, PVA with a larger
diameter in higher doses is more flowable than their
smaller counterparts [14-15].
High-diameter PVA (e.g., PVA 100s) is preferred
over its smaller counterparts (e.g., 7's and 15's) due
to their ease of use. Because of their length, these
are the most visible PVA fibers on finished surfaces.
Perfect for use in flowable (SCC) ECC concrete
mixtures. PVA fibers can reinforce artisan concrete
objects, such as countertops, architectural concrete
elements, concrete furniture, and other applications.
The adverse effects of using PVA on mortar (PVA-
FRCC) or concrete (PVA-FRC) are caused
primarily by the PVA's properties. Aside from
reducing workability, PVA fibers, known as the
hairball effect, tend to clump and bind to one
another during mixing. The secondary negative
impact results from Table 1. below contain the
parameters of PVA fibers used by Yew et al. (2015)
[2] and Devi et al. (2017) [8]in their research
(2015):
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Table 1. Parameters of PVA Fibers used in previous research

Parameter Yew et al. Devi et al.
Material Polyvinyl Alcohol Polyvinyl Alcohol
Length 30 mm 6 mm
Filament diameter 660 microns 18 microns
Specific gravity 1.3 1.3
Tensile strength 800 MPa 1280 MPa
Flexural strength 23 Gpa 36 Gpa
Melting point 225∘ C -
Color Yellow -
Water absorption <1% by weight -
Alkali resistance Excellent -

Fiber-reinforced cementitious composites (FRCC)
are composite materials with superior material
properties that make them suitable for structural
applications, such as high tensile strength and
significantly increased flexibility compared to
conventional concrete. A large proportion of
cement must be used to manufacture FRCC to
achieve distinct ductility characteristics.[16] To
address concrete's inherent brittleness, extensive
research has been conducted on developing high-
ductility fiber-reinforced cementitious composites
(FRCCs). Several types of FRCCs incorporating
metallic, polymeric, carbon, glass, nylon, and waste
tire fibers have been successfully developed and
applied for infrastructure (i.e., buildings, tunnels,
and bridges) due to their ability to limit crack
propagation and widening via fiber bridging.
Furthermore, (ultra-)high-performance fiber-
reinforced cement composites exhibiting strain- or
deflection-hardening behavior with the formation of
multiple microcracks have been developed in recent
years, and several relevant studies are currently
underway. This special issue provides a
comprehensive overview of FRCCs, including
mechanical behaviors, strengthening performance,
and structural implications under various loading
conditions (quasistatic, impact, blast, and fire). [2]
Vinyl acetate is used as a monomer in the
commercial production of polyvinyl alcohol (PVA).
Completely hydrolyzed PVA has properties
different from those of partially hydrolyzed PVA.
Its abundance of hydroxyl groups significantly

influences PVA's properties. PVA's semicrystalline
nature is caused by hydrogen bonding between its
chains. PVA has various morphologies for
pharmaceutical, biomedical, and other applications.
For example, PVA gel beads could be used in water
filtration systems. The high optical quality of PVA
films is helpful in optical sensors and devices.
Polymeric nanofiber membranes are used in many
applications, including batteries, filter materials,
biomedical scaffolds, fuel cells, and osmotic power
plants. [17]. PVA fiber-reinforced cementitious
materials offer enhanced durability compared to
plain concrete, especially when managing crack
widths up to 100 μm after undergoing wet-dry or
freeze-thaw cycles. PVA fibers possess high tensile
strength and strain capacity, exhibiting a unique
strain-hardening property that controls crack width
by forming multiple fine cracks. These short fibers
improve relatively thinner cement-based elements'
flexural and tensile behavior. Additionally, PVA-
reinforced cement-based composites can be
produced without relying on micromechanical
design approaches, making them suitable for
practical applications [18]. PVA-FRCC (polyvinyl
alcohol-fiber reinforced cementitious composites)
materials have excellent tensile strain-hardening
properties, which can significantly improve the
structure's bearing and deformation capacity. PVA-
FRCC beams assume plane sections remain plane
and steel bars are deformation-compatible with the
PVA-FRCC materials. PVA-FRCC beams also
show apparent deflection hardening and high
flexibility compared to R.C. beams, with ultimate
deflections 2.4-3.1 times those of R.C. beams. [19-
20]
II. MATERIALS AND METHODOLOGY
A. Tools and Materials

Below are the primary tools and materials that were
used in this experiment:
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Concrete Mixer Digital Scale Cube Mold Cylinder Mold UTM

Cement Sand Superplasticizer

Water PVA Fiber Gypsum

Fig. 1 Tools and Materials

B. Mix Design

1. The quantities of each material used in this
experiment have been determined, as shown
in Table 2. This experiment contains seven
specimens, divided into two series. The first
series comprises three cubic specimens of
plain mortar (50mm). The second series
includes three cubic specimens (50mm) and

a cylinder mortar specimen (75mm x
150mm) reinforced with PVA fiber.
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Table 2. Material Contents

Specimens
Cement Sand

Superplas

ticizer
Water

PVA

Fiber

(g) (g) (g) (g) (g)

Pure Mortar

(Series 1)
455 455 9 159 -

PVA

Reinforced

Mortar

(Series 2)

2348 2348 23 822 16

This experiment's mix design can be calculated
based on the material used. The mix design used in
this experiment is cement 2.7 and sand 2.7, water 1,

and superplasticizer up to 1% by weight of cement,
as needed. The PVA-reinforced mortar has a 0.5%
PVA-to-specimen volume (Vf) ratio.

C. Methodology
The mortars (with or without fiber) were made in
the laboratory with a small concrete mixer to ensure
that all materials were mixed thoroughly and left as
little residue as possible in the machine. After
casting in the mold, each mortar is wrapped in a
plastic sheet for 48 hours to ensure proper humidity
for hardening. The mortars were then placed in the
curing tank for 11 days. The specimens were

removed from the curing tank the day before testing
(13th day), ensuring they were dry for testing. The
specimens are subjected to a compressive test on a
universal testing machine (UTM) for 14 days.
Before testing began, the specimens' surfaces were
covered with gypsum to ensure equal stress on the
surface during the compressive test.

Figure-2Mixing to testing process of FRC mortar specimen
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Fresh specimens cast in molds Two days old specimen in the curing tank

13-days old specimens 14-day-old specimens are ready for testing

III. RESULTS AND DISCUSSION
A. Test Results
The UTM (Universal Testing Machine) was used to
measure the load and deformation of the specimens.
The stress-strain curve is then calculated and shown
in Figures 4–7. Figures 8–12 show a comparison
chart of mortar properties. Figure 13 depicts one
example of how the stress-strain curve was
corrected to achieve the linear stage—figures 14
and 15 show failure profiles.
There are some notes for the calculation of the raw
data:
a. For f'c - ε relation curves, the shape factor for
cube specimens is 0.83, so the data can be
compared among all specimens.

b. The raw strain data were modified to obtain the
linear stage of the stress-strain curve, as shown in
Figure 13.
c. The acceleration of gravity is assumed to be
9.80665 m/s2.

Table 3. Test Result Summaries

No. Specimen
Max Load A f'cu Avg. f'cu εu Avg εfracture Avg

(N) (mm2) (MPa) (MPa) εu εfracture

1 Pure Mortar Cube (1) 100616 2500 33.40

35.92

2.64
%

2.24%

3.10%

2.71%2 Pure Mortar Cube (2) 82572 2500 27.41 2.08
% 2.64%

3 Pure Mortar Cube (3) 141412 2500 46.95 2.00
% 2.40%

4 PVA Reinforced Mortar Cube (1) 165732 2500 55.02 51.94 1.78
% 2.02% 2.76% 2.77%
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5 PVA Reinforced Mortar Cube (2) 148669 2500 49.36 2.15
% 2.76%

6 PVA Reinforced Mortar Cube (3) 154945 2500 51.44 2.13
% 2.78%

7 PVA Reinforced Mortar Cylinder 243989 4418 55.23 55.23 0.89
% 0.89% 0.98% 0.98%

No. Specimen
E Avg. E Esec Avg. Esec Etoughness Avg. Etoughness

(MPa) (MPa) (MPa) (MPa) (MPa) (MPa)

1 Pure Mortar Cube (1) 1482.50

2273.79

1265.33

1642.86

0.55

0.502 Pure Mortar Cube (2) 1682.83 1320.52 0.43

3 Pure Mortar Cube (3) 3656.05 2342.75 0.53

4 PVA Reinforced Mortar Cube (1) 3848.44

3194.47

3084.26

2599.83

0.87

0.805 PVA Reinforced Mortar Cube (2) 2520.41 2297.86 0.77

6 PVA Reinforced Mortar Cube (3) 3214.57 2417.38 0.75

7 PVA Reinforced Mortar Cylinder 6930.51 6930.51 6219.36 6219.36 0.28 0.28
B. Discussion
The addition of 0.5% PVA fiber to the matrix
increased the overall ultimate compressive strengths
(f'cu) of both cubes and cylinders by 46.88% (from
35.92 MPa to an average of 3 x 51.94 MPa and
55.23 MPa). If we only look at the cube specimens,
the overall ultimate compressive strength increase
is 44.60%.
Based on cube specimens, the ultimate strain (εu)
decreased by 9.82% from 2.24% to 2.02%. This
condition, combined with the increase in ultimate
compressive strengths, indicates that the specimens'
secant modulus increases significantly at the
ultimate strength.
Fiber-reinforced mortar's maximum strain (εfracture)
decreases, potentially indicating reduced ductility.
However, this is not true because the specimens
were not fractured. Instead, the UTM's compression
tests were halted to protect the machine. As a result,
the ductility of the specimens in this experiment is
difficult to calculate. However, this axial test is not
the best way to determine FRCC ductility; a
uniaxial tensile test may produce a more accurate
ductility result.
The modulus of elasticity (E) and secant modulus
(Esec) show a significant increase of 40.49% (from
2273.79 MPa to 3194.47 MPa) and 58.25% (from
1642.86 MPa to 2599.82 MPa) based solely on
cube specimens. The amount of energy that the
specimens can absorb before fracture, also known
as the modulus of toughness, increases by 60%. In
this experiment, all 1% superplasticizers were used
in both series mixtures to make the comparison fair.

The PVA-reinforced mix is consistent, whereas the
plain mortar mix is slightly wet. This is due to the
addition of fiber; PVA significantly reduces the
workability of a mixture. The low difference
between specimens can be attributed to the fiber-
reinforced mortar's excellent consistency, whereas
the difference between plain mortar specimens is
significant. The results for these parameters are
ignored because of the significant difference in
strain and all modulus between the cylinder and
cube specimens. Various factors, including shape,
testing speed, and reloading, can cause this. In this
study, the cylinder specimen was reloaded because
the first cylinder loading produced insufficient
strength compared to the previously tested cube
counterparts.
From the fracture pattern, it is seen that the cylinder
specimen has the slightest crack. This is because the
machine stopped before the specimen fracture,
which can answer the deficient value of the
maximum strain. The PVA-reinforced cube
specimens also show less damage than the plain
counterparts, which also answers the low value of
the maximum strain.
The cylinder specimen shows a few narrow cracks,
the PVA-reinforced cube specimens show some
wide compression cracks, while the plain cube
specimens show a crush due to the compression.
Again, this indicates that the plain cube specimens
have crushed hard at the maximum strain on the
curve while the PVA counterparts still can show
more considerable strain if the tests are to be
continued.
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Figure 4. f'c - ε for PVA Reinforced Mortar Cylinder

Figure 5. f'c - ε for Pure Mortar Cubes
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Figure 6. f'c - ε for PVA Reinforced Mortar

Figure 7. f'c - ε for All Specimens
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Figure 8.Maximum stress (f'cu)

Figure 9. Ultimate strain (εu)
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Figure 10. Young's Modulus (E)

Figure 11. Secant Modulus (Esec)
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Figure 12.Modulus of Toughness (Etoughness)

Figure 13. Example of Graph Correction
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Figure 14. PVA Reinforced Mortar Cylinder

Pure Mortar Cube 1 Pure Mortar Cube 2 Pure Mortar Cube 3

http://www.ijetjournal.org


International Journal of Engineering and Techniques - Volume 10 Issue 3, June 2024

ISSN: 2395-1303 http://www.ijetjournal.org Page 219

PVA Reinforced Mortar Cube 1 PVA Reinforced Mortar Cube 2 PVA Reinforced Mortar Cube 3

Figure 15. Cube Mortars Failure Profiles

IV. CONCLUSION
In this study, the effects of PVA (Polyvinyl Alcohol)
fibers on compressive strength cementitious
materials (mortars) were investigated. The
following properties are obtained from a
compressive test: stress-strain curve, ultimate
strength, ultimate strain, maximum strain, modulus
of elasticity, secant modulus, and toughness. The
fracture patterns were also investigated and found
to be related to the mortar's properties.
PVA fibers are ideal for various cementitious
material applications due to their superior crack-
fighting properties, high modulus of elasticity,
excellent tensile and molecular bond strength, and
high alkali, U.V., chemicals, fatigue, and abrasion
resistance. PVA fibers are unique in that they can
form a much stronger molecular bond with mortar
and concrete than other fibers.
The mix design used in this experiment is as
follows: cement 2.7; sand 2.7; water 1; and, if
necessary, superplasticizer up to 1% by weight of
cement. The PVA-reinforced mortar has a PVA to
specimen volume (Vf) ratio of 0.5%.
Using PVA fibers can improve a mortar's
compressive strength and stiffness. The following
points provide more information about the
experiment's outcome:
1. Using PVA fibers is beneficial in increasing
compressive strength (fc') by 46.88%.
2. Based on the results of the mortar cube
specimens, using PVA fiber increases the value of
modulus of elasticity (E) and secant modulus (Esec)
by 40.49% and 58.25%, respectively.
3. Using PVA fiber reduces ultimate strain (εu) by

9.82%, based on mortar cube specimens.
4. According to the results of the mortar cube
specimens alone, using PVA fiber increases the
value modulus of toughness by 60%.
5. Using PVA fiber, the damage pattern
experienced by concrete is less visible. This means
that the PVA fibers
6 This research will examine the various practical
applications in civil engineering practices. Because
of their extraordinary strength and performance.
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