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Effect of Diameter of Reinforced Bar in Various
Fiber Reinforced Concretes
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Abstract: An experimental investigation has been carried out
to determine the effect of fibers on the bond strength of different
grades (M20 and M50) of concrete by using reinforced bars of
different diameters(10mm and 12mm). Different types of fibers
such as glass, polypropylene, basalt were used in the preparation
of concrete mix with 0.25% of volume proportion. Then the bond
strength was determined by the pull-out test as per 1S 2770 (part
1). Based on the test results of the study, grade of concrete, type
of fibers and different diameter of reinforcement bar are the key
parameters that affect the bond strength of concrete. The
contribution of basalt fiber in enhancing the bond strength was
found to be more significant compared to other fibers (8.227
N/mm? for M20 concrete and 9.323 N/mm? for M50 concrete).
The bond strength has been improved slightly by increasing the
diameter of the reinforcement bar. Durability analysis was
carried out by curing specimens in HCIl and H,SO.. Fibers don’t
have sufficient influence in the durability of concrete.

Index Terms: Bond Strength, Durability, FRC, Pull out test.

I. INTRODUCTION

Concrete is one of the cheapest material with desired
strength in the construction industry. Advancements were
done in the concrete to develop its manufacture and
utilization. Being a weak tensile material, several cracks
formed during loading and so on. These cracks are formed
because of the internal micro cracks, resistance of material to
resist the tensile forces and environmental factors. Some
researchers found some fiber which are effective with
concrete to reduce the crack propagation. Fibers which are
added in concrete will act as a tensile member and transfer
load on these micro-cracks propagated area [1-4]. Fiber
Reinforced Concrete (FRC) can also improve the bond
strength between concrete and reinforcement [5-6].

Inclusion of Basalt Fiber (BF) will improve the toughness,
reduce brittleness, tensile strength, resistance to deform and
rupture modulus of concrete [7]. BF has better tensile
strength than the E-glass fiber as well as greater failure strain
than carbon fiber. BF also resist chemical attack, impact load
and fire [7-8].

Shrinkage cracking can be controlled by adding Glass
Fiber (GF). It will also improve flexural strength of concrete.
GF also possess post-peak ductility in compression [9]. Glass
Fiber Reinforced Concrete (GFRC) prepared with high
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strength, alkali-resistance glass fiber embedded in concrete
matrix [10]. GF can be used as either in continuous or
chopped lengths. GF are comparatively available in local
market with low prize. Studies have shown that the addition
of glass fibers in concrete can control shrinkage cracking,
improve flexural and tensile strength [6] [11-12]

Addition of Polypropylene Fiber (PPF) in concrete will
improve its ductility toughness, and impact resistance [13].
PPF utilized in concrete mix at relatively low volume
fractions which helps to control plastic shrinkage cracking of
concrete [13-14].

Environment has a greater impact on durability of a
concrete structures. The constituents present in environment
that includes chemicals, gases, dust particles and so on are
the major causes of corrosion in the reinforcement that leads
to deterioration in concrete structures [2].

Pull out tests is an important test for evaluating bond

strength between concrete and embedded reinforcement and
for durability chemical attack test by immersing the concrete
cubes in an acid solution is conducted [1-2].
In reinforced concrete structure, bond strength is one of the
most important and significant factor as it is dealt with the
overall strength and serviceability of a structure. Bond
strength is defined as the effective grip or adhesive forces
between the reinforced bars and embedded concrete whereas
durability is associated with the environmental impacts. The
effect of fibers in plain concrete for the bond strength and
durability is analyzed in this paper. The objective of this
investigation is to analyze bond strength characteristics and
durability aspects of FRC with BF, GF, and PPF in various
cases such as changes in grade of concrete and changes in
diameter of the reinforcing bar.

Il. MATERIALS AND METHODS

A. Materials

Table 1: Properties of fibers

Property GF PPF BF
Length (mm) 12 12 12
Diameter (mm) 0.012 0.022  0.009
Specific gravity 2.74  0.91 2.7
Tensile strength 2450 350 550
(MPa)

Density (g/lcm2) 255  0.903 2.8
Young’s 7851 1.3 89

modulus (GPa)
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Ordinary Portland Cement (OPC) of 53 grade, Artificial
sand (M Sand) of zone Il having specific gravity of 2.6 is
used as fine aggregate and 12mm sized crushed stones were
used as coarse aggregates. Chopped fibers of basalt, glass and
polypropylene were used in a specified mix proportions to
cast the specimens. Table 1 shows the properties of fibers,
which used in this study and fig. 1 is the images of used

fibers.
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Fig. 1 Types of fibers used

B. Specimen Preparation

Materials were tested for calculating mix design and
prepared mix proportions for two different grades (M20 and
M50). Three trial specimen samples were casted for each
testing. Table 2 shows the mix proportions of concrete used
in this study. The concrete specimens were prepared by
mixing cement, artificial sand, coarse aggregates and fibres
as per the codal provision IS 2770: 1967 part (1).
Superplasticizer of Fosroc Auramix V200 was used to adjust
the workability of the concrete mix. The optimum dosage
were determined by trials using the materials and conditions
that will be experienced in use. The normal dosage range is
in between 0.1 to 0.5 by cementitious materials.

Table 2: Mix Proportion for specimens

Mix Water Cement Fine Coarse
Cement aggregate  aggregate
ratio

M20 0.5 1 1.95 2.95

M50  0.34 1 1.66 2.5

Fig. 2 Specimens for pull out test

A total of 96 specimens were casted for both pull out tests
and durability tests that includes cubes with and without
fibers. 48 Concrete cubes sized 100x100x100mm cubes
without reinforcement were casted and cured in water for 28
days. Three trials of specimen were casted for each fiber
mixes for each grade of concrete. The concrete cube

specimens of 100x100x100 mm along with steel
Published By:
Blue Eyes Intelligence Engineering
Retrieval Number: H7014068819/19©BEIESP 2848 & Sciences Publication

reinforcement were cast and kept in a curing tank for 28 days.
Reinforcement of diameter 10 mm and 12 mm was inserted
into fresh concrete specimen for a length of 200 mm. And
also 10 mm projection of reinforcement at the bottom of cube
was provided as per coded provision (IS 2770: 1967 part (1)).

After curing the specimens were subjected to pullout test
and durability tests. Fig 2 shows the samples of prepared
specimens for pull out tests.

C. Test Setup

Pull-out test

As per IS 2770: 1967 part (1), pullout test was carried out
using Universal Testing Machine (UTM). A total of forty
eight specimens were prepared with three types of fibers (GF,
BF and PPF) and without fiber, for different grades of
concrete (M20 and M50), and for different diameters of bars
(20mm and 12mm). The specimen was placed in the UTM in
such a way that the bar could be pulled axially from the cube.
In this study, load and slip of reinforcing bar were noted in a
number of intervals throughout the test up to a slip of 2.5 mm.
For each intervals slip values are noted by using deflection
meter with a least count of 0.002 mm. Fig 3 and fig 4 are the
images of deflection meter connected to the UTM setup.
Bond stress for each specimen was calculated by dividing the
applied load at the end specified and the surface area of the
embedded length of the bar.

Fig. 3 UTM Fig. 4 Deflection meter

Durability test

Chemical resistance of concrete was studied through
chemical attack by immersing them in H2SO, and HCI acid
solutions. 100 mm x 100mm x100mm sized cube specimens
were casted as per IS 2770-PART 1: 1967. Twenty four cubes
of M20 and M50 grades of concrete (with and without fibers)
were immersed in water for 28 days. Then the specimen
weighed and inserted into 5% acid solution. The P=H of the
solution is maintained continuously for the entire curing
period. Each cube is taken out after 28 days of acid curing
and weighed again. Durability was analyzed by the weight
loss of cubes.

I1l. METHODOLOGY

Bond strength of different grades of reference concrete
(Rc), i.e.; specimen without fibers and FRC were determined
by using pull-out test. Fig. 5 shows the methodology of the
entire work.
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Fig. 5 Methodology

The bond stress values of different grades of concrete
(M20 and M50) were compared to find the difference in bond
stress. Also specimens with different diameter of bars were
compared for analysis. Fig. 6 shows the actual view of
experimental setup on UTM. The slip at the loaded end of bar
was calculated by the average of reading given by the dial
gauges for three trials of specimens. The average bond stress
value for each specimen was calculated by dividing the
applied load by the surface area of the embedded length of
bar. The increase in bond strength when adding different
fibers was calculated. And the effect in bond strength when
changing the diameter of steel bar was found out.
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Fig. 6 Pullout test set up

The weight of specimen after 28 days of water curing
before acid test was noted. The weight of specimen was again
noted after 28 days of acid curing. Then the loss of weight of
specimen after acid curing was calculated by determine the
difference between two weights and then found out the
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percentage of weight loss.

IV. RESULTS AND DISCUSSIONS

A. Pull- out Test

All specimens failed by vertical crack formation when
subjected to pull-out test as shown in fig. 7. It can be seen that
fibers assist in reducing the cracks in concrete elements.
Addition of fibers in concrete can make an improvement in
tensile properties of concrete in all directions.

Fig. 7 Crack pattern

Fig. 8 shows the deflection of M20 specimens under 10
mm bar up to 2.5mm slip. M20 grade of Basalt Fiber
Reinforced Concrete (BFRC) has higher bond strength of
7.183 N/mm2. M20 grade of concrete without fiber (Rc)
specimen was the least among the FRC with a value of 5.116
N/mm2.
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Fig. 8 Bond Strength of M20 Rc and M20 FRC (10mm
bar ) up to 2.5mm
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Fig. 9 Bond Strength of M20 Rc and M20 FRC (12mm
bar) up to 2.5mm
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Fig. 9 shows the deflection of M20 specimens with 12mm
reinforced bar. Also BFRC shows the highest bond strength
of 8.227 N/mm2 followed by Glass Fiber Reinforced
Concrete (GFRC), Polypropylene Fiber Reinforced Concrete
(PPFRC) and Rc
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Fig. 10 Bond Strength of M50 Rc and M50 FRC (10mm
bar) up to 2.5mm

Fig. 10 shows the bond strength of M50 grade of concrete
specimens with 10mm reinforcement bar up to 2.5mm slip.
M50 specimens have a higher bond strength than M20
specimens for each mixes. Also bond stress of BFRC has a
high value of 8.639 N/mm2. Other mixes also followed the
similar mode of increase.
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Fig. 11 Bond Strength of M50 Rc and M50 FRC (12mm
bar) up to 2.5mm

Fig. 11 shows the deflection of M50 specimens with 12mm
bar up to 2.5 mm slip. Concrete with BF had the highest
strength and that was followed by GF and PPF. The bond
strength of the concrete without fiber was the least among the
FRC’s. The bond strength of specimen was increased when
adding fiber having high young’s modulus [15].

From the experiments, it is observed that bond strength of
BFRC is higher than that of concrete with GF, PPF and Rc
for all grades of concrete. BF does not possess chemical
reaction with other materials. It may be the reason for the
high bond strength of BFRC [16-17]. GFRC possess more
bond strength than PPFRC and Rc. Higher elastic modulus of
GF than PPF may be responsible for its high bond strength
[15].

Itis found that PPFRC specimens have more bond strength
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than Rc specimens. Flexural ductility and long-term
durability of concrete can improve by adding PPF [18]. It can
reduce the plastic shrinkage of concrete [19]. Propagation of
micro cracks of concrete can be reduced by adding PPF. It
will fills the holes within the mortar and thus reduces
porosity [20].

The difference of bond strength of MZ20 concrete
specimens with 10 mm bar and 12 mm bar is shown in fig.
12. Final value of bond stress is the final crack load of the
specimen in the apparatus. From the fig. it is clear that the
bond strength of M20 grade of concrete specimen with 12
mm reinforced bar is higher than that with 10 mm reinforced
bar. The BFRC specimen shows a higher bond stress than
that of other FRCs.
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Fig.12 Bond Strength Comparison of M20 grade concrete
with 10mm and 12mm bar
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Fig.13 Bond Strength Comparison of M50 grade concrete
with 10mm and 12mm bar

Bond strength of different M50 grade of concrete
specimens with 10 mm and 12 mm diameter reinforced bars
is shown in fig. 13. M50 grade of concrete specimens had
comparatively higher bond strength than M20 grade of
concrete specimens. BFRC had higher bond strength than
that of other FRC’s. Bond strength is improved slightly for
specimens with 12 mm diameter reinforced bar.
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The diameter of steel reinforcement used in a Pullout test
specimen has an important role in the improvement of bond
stress. From Table 3, it is clear that bond strength increases
with increasing the diameter of reinforced bars. According to
IS 2770:1967 (part 1)

Bond stress = P/aDI

Where P is the load acting on the specimen,
D is the diameter of the reinforcement,
| is the length of reinforcement bar inside the
specimen.

Table 3: Percentage increase in bond strength based on
diameter of bar

Mix Type of Bond strength %
concrete  (N/mm?) Increase in
10mm 12mm  bond
strength
M20 BFRC 7.183 8.227 10.43
GFRC 6.672 7.556 8.83
PPFRC 6.339 7.241 9.01
Rc 5.116 6.502 13.86
M50 BFRC 8.639 9.323 6.83
GFRC 8.568 8.934 3.65
PPFRC 7.710 8.206 4.95
Rc 5.288 6.597 13.08

The specimen with 12mm reinforced bar can withstand
more pullout load than specimen with 10mm reinforced bar.
Table 3 shows the percentage of increase in bond strength

Table 4: Durability test results

ISSN: 2278-3075, Volume-8 Issue-8, June, 2019

with increase in the diameter of bars. For M20 grade of
concrete BFRC shows 10.43% increase in bond strength
when using 12 mm bar whereas the bond strength of R,
specimen is increased by 13.86%. GFRC has comparatively
less value of 8.83%. For M50 grade of concrete, bond
strength of R, specimen is increased by 13.08%. GFRC has
the least value of 3.65%. The increase in the diameter of
reinforced bar is more affects the M50 grade of concrete
specimens than M20 grade of concrete specimens.

B. Durability Test

The loss of weight for different grades of FRC is given in
Table 4. Cubes subjected to H,SO,4 curing shows higher
weight loss than cubes subjected to HCI solution. It is also
analyzed that FRC specimens had comparatively high weight
loss after 28 days of acid curing than Rc specimen. For M20
grade of concrete specimens, BFRC has 1.75% weight loss in
HCl and 1.94% weight loss in H,SO,, which is higher among
other FRCs. R¢ specimen has 1.23% and 1.34% weight loss
for HCI and H,SO, respectively. For M50 grade of concrete
specimens, R¢ specimens have a less weight loss of 1.68% for
HCI and 1.84% for H,SO,. Weight loss increase in an order
of PPFRC, GFRC and BFRC. Percentage of weight loss was
increased with addition of fibers [16]. Fiber addition reduced
the weight of all specimens, when subjected to durability test.
More over weight loss of FRC specimens were increased by
increase in fiber dosage [21].

. . Weight after 28 days % Weight loss after
Grade of Mix Initial weight (ka) 28 days
concrete (%)
HCI H,SO, HCI H,SO, HCI H,SO,
Rc 2.43 2.24 2.4 2.21 1.23 1.34
M20 GFRC 2.33 2.45 2.295 2.395 1.50 2.24
BFRC 2.285 2.58 2.245 2.53 1.75 1.94
PPFRC 2.415 2.425 2.375 2.38 1.66 1.86
Rc 2.385 2.45 2.345 2.405 1.68 1.84
MEO GFRC 2.47 2.58 2.425 2.525 1.82 2.13
BFRC 2.55 2.855 2.495 2.78 2.16 2.63
PPFRC 2.4 2.15 2.36 2.11 1.67 1.86
with 10mm reinforcing bars.
V. CONCLUSIONS e M20 grade of BFRC specimen shows 10.43%
From the experimental study, the following conclusions increase in bond strength when increasing the
can be drawn. diameter of reinforcing bar from 10mm to 12mm.
e BFRC shows higher bond strength than other It is comparatively higher than that of other M20
FRCs, in both grades of concrete. grades of FRCs.
¢ M50 FRCs have higher bond strength than M20
FRCs.
e Specimens made up of 12mm reinforcing bars
have higher bond strength than that of specimens
Published By:
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e M50 grade of BFRC specimens shows 6.83%
increase in bond strength when increasing the
diameter of reinforcing bar from 10mm to 12mm.

o The addition of fiber in concrete has no significant
influence in its durability.

o Durability reduces with the addition of fiber in
concrete in both grades subjected to acid curing
for 28 days.

e Specimens cured in H,SO, solution have higher
weight loss than specimens cured in HCI.

e The addition of BF in concrete shows higher
weight loss than other fibers and PPF is the least.

o Weight loss of specimens cannot be reduced by
improving the grade of concrete.
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