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Abstract
To study the influence of polypropylene fibers with different thicknesses on concrete beams, inclined section shear
tests of polypropylene fiber concrete beams were carried out. The cracking load, ultimate load, midspan deflection,
reinforcement, and strain of polypropylene fiber concrete beams and conventional reinforced-concrete beams under
shear were compared and analyzed. The load-bearing capacity of the rectangular beams was improved significantly
by polypropylene fiber addition. Compared with conventional reinforced-concrete beams, the limit shear load of concrete beams with polypropylene fibers and multisize polypropylene concrete beams that were reinforced with three
types of fibers increased by 8.67% and 17.07%, respectively. By mixing polypropylene fibers into concrete beams,
the initial crack shear force of the beam was improved, the number of cracks was increased and the crack width was
reduced, which can increase the beam ductility, inhibit crack formation and increase the strength. The computational
formula of the shear ultimate bearing capacity of polypropylene fiber–concrete beams was revised according to composite material theory, and the calculated results were consistent with the test values.
Keywords: fiber-reinforced concrete beam, polypropylene fibers, shear resistance, multisize, computational formula
1 Introduction
Polypropylene fibers can be classified as coarse and fine
fibers. Fine polypropylene fibers are relatively small, can
refine cracks after being mixed with concrete, improve
the original defects of the concrete structure to a certain extent and inhibit cracks. The coarse polypropylene
fiber diameter varies from 0.1 to 1.0 mm, and its surface
is profiled by rolling. Compared with fine polypropylene fibers, coarse polypropylene fibers can bond tighter
with concrete and the bearing capacity for each fiber is
larger. In recent years, many scholars have researched
the action mechanism of fiber concrete beams and
many research results have been obtained. Thomas and
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Ramaswamy (2006) studied the shear strength of prestressed steel–fiber-reinforced concrete T-beams, it is
shown that the shear capacity of partially prestressed
concrete beams can be significantly improved by providing fiber reinforcement. Khalid et al. (2018) used recycled
plastic waste as a fiber in concrete beams and found that
a higher amount of fiber resulted in a higher concrete
structure tensile strength. Aoude et al. (2012) conducted
tests on reinforced concrete and steel–fiber-reinforced
concrete beams and studied the influence of steel fibers on the shear-bearing capacity, failure mechanism
and crack control, it is found that the addition of fibers
leads to improved shear resistance in shear-deficient
beams. Ma et al. (2018) studied the compressive strength,
tensile strength and bending strength of concrete with
mixed fibers, and found that a 1.5% volume fraction of
long steel fibers and a 0.5% volume fraction of short steel
fibers can provide the best bending strength. Hu et al.
(2004) studied the influence of fiber orientation, beam
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length and reinforcement ratio on the ultimate strength
of the beams. The application of fiber-reinforced plastics can improve the stiffness and ultimate strength of
the reinforced concrete beams significantly. Khan et al.
(2011) established a constitutive model for the elastic
failure of concrete members, including concrete fracture, carbon-fiber-reinforced polymer fracture and concrete carbon-fiber-reinforced polymer interface failure.
Lee (2017) evaluated the influence of concrete strength
and fiber content on the concrete proportional limit,
residual bending strength and energy absorption capacity, it is shown that fiber-reinforced concrete beams with
a strength of 45 MPa show a high increase in residual
flexural strength immediately after concrete cracking,
especially for 0.5% fiber volume fraction. Ferreira et al.
(2016) found that reinforced concrete with mixed fibers
showed an excellent toughness because of the interaction
between fibers. Nordin and Taljsten (2004) studied the
bending property of concrete beams with mixed fibers.
Sahoo et al. (2015) found that the displacement ductility of beam specimens increased by 120% with polypropylene fiber addition with a volume fraction of 1%. In
all beam specimens, a better postpeak residual strength
response resulted because of multi-place cracks that
were caused by fiber bridging. Cardoso et al. (2019) studied the bending characteristics of steel–fiber-reinforced
concrete beams, it is found that compared with ordinary reinforced concrete beams, the bearing capacity of
steel–fiber-reinforced concrete beams is increased by 21
to 109%, and the crack opening is significantly reduced
under a given reinforcement stress. Asgari et al. (2019)
found that the glass–fiber-reinforced concrete layer can
improve the bearing capacity and ultimate deflection of
the beam significantly by strengthening the concrete
beam by the section expansion method. Abdelrazik et al.
(2020) discussed the influence of fiber type and volume
on properties of fiber-reinforced concrete. Younis et al.
(2020) reports on the results of an experimental study on
the short-term flexural performance of seawater-mixed
recycled-aggregate concrete beams, it is found that
GFRP-RC beams show higher bearing capacity, but lower
deformation characteristics compared with reinforced
concrete beams. Liu et al. (2016; Zhang et al., 2018) studied the effects of fiber types and hybrid modes on the
tensile behavior, flexural toughness and fracture mechanical properties of ultrahigh-performance concrete, it is
shown that the critical value of substitution rate of coarse
aggregate is 25%, and the effects of different fiber types
on compressive strength are similar. Raja et al. (2020)
studied the effect of size and quantity of coarse aggregate
on the fracture behavior of steel fiber-reinforced selfcompacting concrete, it is argued that the fracture energy
increases with the increase of the size and quantity of
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coarse aggregate. Meesala (2019) discussed three types of
fibers on the properties of recycled-aggregate concrete; it
is found that the fiber significantly improves the mechanical properties of conventional and recycled-aggregate
concrete. Saje et al. (2011) found that the shrinkage of the
fiber-reinforced concrete was considerably reduced by
increasing the content of the fibers up to 0.5% of the volume of the composite. Koniki and Prasad (2019) pointed
out that short and fine fibers enhance the fresh property
of concrete by controlling the growth of micro-cracks,
and long and coarse fibers enhance the hardening property of concrete by arresting the propagation of macrocracks. Melian et al. (2010) discussed the low fractions
of polypropylene short fibers to increasing toughness of
self-compacting concrete. Hameed et al. (2020) found
that the negative effect of recycled aggregates could be
minimized by the addition of polypropylene fibers. Das
et al. (2018) revealed that the fibers play an important
role in determining the split tensile and flexural strength
of concrete, whose maximum increments are 12.01% and
17.15% for split and flexural strength values. Xu et al.
(2017) (Deng et al., 2018; Huang et al., 2019) studied bond
strength of deformed reinforcement embedded in steel
polypropylene hybrid fiber-reinforced concrete matrix
and the interfacial bonding properties of steel fibers in
steel polypropylene hybrid fiber-reinforced cement-based
composites, it is found that compared to the specimen
made with plain concrete, the introduction of hybrid fibers could exert obvious positive influences on the bond
strength. Gail and Subramaniam (2019) investigated the
link between the fracture behavior and shear capacity of
fiber-reinforced concrete composite. Spinella et al. (2012)
predicted the complete load-versus-displacement curves
by suitably adapting a nonlinear finite element code for
plain and reinforced concrete. Zhang et al. (2014) studied shear behavior of polypropylene fiber-reinforced ECC
beams with varying shear reinforcement ratios. Navas
et al. (2020) studied on the shear behavior of macrosynthetic fiber-reinforced concrete beams and compared
them to steel fiber-reinforced concrete beams. Arslan
et al. (2017) found that both the shear strength and ductility of the beams were improved by adding polypropylene fibers, but the addition of polypropylene fibers even
at 3% by volume was not able to change the failure mode
for beams with shear span-to-effective depth ratios of 2.5
and 3.5.
This paper studies the reinforcement effect of polypropylene fibers on concrete beams. Three groups of beams,
B0, B1 and B2, were designed and fabricated, with three
beams in each group and nine test beams in total. B0 was
a conventional reinforced-concrete beam and will serve
as a control group. B1 was a concrete beam that is mixed
only with coarse polypropylene fibers. B2 was a multisize
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polypropylene fiber concrete beam that was mixed with
two fine polypropylene fiber types and one type of coarse
polypropylene fiber. It is of great theoretical and practical
significance to reveal the action mechanism of coarse and
fine polypropylene fibers through inclined section shear
tests.

2 Experimental Scheme Design
The geometric dimensions, longitudinal reinforcement
ratio, stirrup reinforcement ratio and mix proportions
of nine rectangular concrete beams were the same. The
cross-sectional dimensions of all rectangular beams were
b × h × l = 150 mm × 300 mm × 2150 mm (see Fig. 1 for
the geometric dimensions and reinforcement drawings).
2.1 Experimental Materials and Design of Mix Proportions

The experimental materials were:
(1) Cement: 42.5R conventional Portland cement produced by Hongshi Cement Co., Ltd.
(2) Sand: manufactured sand with a fineness modulus
of 3.1 and a loose bulk density of 1530 kg/m3, extra-

(a) Geometric dimensions

fine sand with a fineness modulus of 0.8 and a loose
bulk density of 1294 kg/m3.
(3) Stone: gravel (5 to 10 mm) from Gele Mountain,
Chongqing, with a silt content of 0.5%, an apparent density of 2680 kg/m3 and a loose bulk density
of 1385 kg/m3; gravel (10 to 20 mm) from Gele
Mountain, Chongqing, with a silt content of 0.7%,
an apparent density of 2690 kg/m3 and a loose bulk
density of 1405 kg/m3.
(4) Water reducer: a type of polycarboxylate superplasticizer.
(5) Polypropylene fiber: fibers (CF1) produced by
Ningbo Dacheng Advanced Material Co., Ltd. were
used as coarse polypropylene fibers, and fibers (FF1,
FF2) that were produced by Hebei Qingjun Cellulose Factory were used as fine fibers. Specific physical performance parameters are shown in Table 1
and Fig. 2.
The mix proportions of concrete were as follows
according
to
reference
(JGJ,
2019):
cement:water:sand:stone:water
reducer = 380:175:701:
1144:3.80. C30 concrete was used with a water:cement
ratio of 0.46. The fiber content was determined according to the test design and the recommended fiber content
of the manufacturer. The recommended fine fiber content
was 0.9 kg/m3, and the recommended coarse fiber content was 6.0 kg/m3. Table 2 shows the mix proportions
of the materials. The A0 reference specimen was poured
as conventional reinforced concrete. A1 was a test piece
that was mixed with coarse polypropylene fiber CF1, and
the fiber content was 6.0 kg/m3. A2 was a specimen that
was mixed with three polypropylene fiber types, and the
FF1, FF2 and CF1 contents were 0.6 kg/m3, 0.6 kg/m3 and
4.8 kg/m3, respectively.
The performance test results of reinforcement are
shown in Table 3.
2.2 Preparation and Curing of Concrete Beams

(b) Section reinforcement drawing

Fig. 1 Geometric dimensions and section reinforcement drawing of
concrete beams under tests.

Pour the weighed sand and stone into the mixer, start the
mixer and mix for about 1 min, and then evenly disperse
the polypropylene fiber into the mixer with the mixing.
After the fiber is sprinkled, continue to stir for about

Table 1 Physical and mechanical indices of polypropylene fibers.
Fiber no.

Equivalent
diameter (μm)

Length (mm)

Tensile strength Elastic modulus Elongation at
(MPa)
(GPa)
break (%)

Density (g
cm−3)

Recommended
dosage (kg
m−3)

FF1

26.1

19

641

4.5

40

0.91

0.9

FF2

100

19

322

4.9

15

0.91

0.9

CF1

800

50

706

7.4

10

0.95

6.0
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(a) FF1 fiber

(b) FF2 fiber

(C) CF2 fiber

Fig. 2 Polypropylene fibers.

Table 2 Mix proportions of C30 concrete/(kg m−3).
Specimen no.

Fiber type

Cement

Sand

Stone

Water

Sand ratio (%)

Fiber content

Water
reducer
(%)

A0

None

380

701

1144

175

38

0

1

A1

CF1

380

701

1144

175

38

6.0

1

A2

FF1 + FF2 + CF1

380

701

1144

175

38

0.6 + 0.6 + 4.8

1

Table 3 Mechanical properties of reinforcement.
Reinforcement strength
grade

Diameter (mm)

Area (mm2)

Yield strength (MPa)

Yield strain (× 10–6)

Elastic
modulus
(Gpa)

HPB235

6

28.3

402.00

1927

208.66

HPB235

8

50.3

355.67

1387

256.43

HRB400

16

201.1

433.61

2278

190.31

2 min. During the mixing process, stop the mixer to see
if there is fiber agglomeration. If so, take it out and disperse it, and then put it evenly into the mixer to continue
mixing. Slowly pour the weighed cement into the mixer
and mix for 2 min. Add water reducer into the water in
advance and add it to the mixer during mixing. At this
time, it can be observed that the fibers in the concrete
have been evenly dispersed. Observe the change of concrete properties, if the dry humidity is suitable and there
is no coarse aggregate submerge, it proves that the mixing degree meets the needs and has been successful.
If fibers can distribute evenly when they are mixed into
concrete, the initial defects of the concrete structure will
be improved significantly, and the performance will be
better, thus the performance of the concrete is improved.
Because of the low elastic modulus of polypropylene fibers, if the fibers cannot be evenly distributed, bunched or
clustered in concrete, it may degrade the concrete performance, pose adverse impacts and lead to a failure to

meet engineering needs. Therefore, higher requirements
often exist on the dispersibility of the fibers to ensure that
they can be distributed evenly during casting and reach
all parts of the concrete structure to avoid fiber aggregation. Curing was carried out in a standard curing room
for 28 days, at 20 ± 2 ℃, with a humidity above 90%; see
Fig. 3.
2.3 Data Collection and Arrangement of Measure Point

The measure points of each beam were arranged as follows: (1) a 50-ton load sensor was used to collect the concentrated load on the beam; (2) a dial gage (connected
with a strain-testing system after calibration) was used to
collect the span deflection in the beam span and at the
support; (3) a 80-mm strain gage was used to measure
the through the thickness strain of the cross-section concrete 250 mm from the left support. The specific arrangement of each measure point is shown in Fig. 4.
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Fig. 3 Cured concrete beams after pouring.

Fig. 6 Load–midspan deflection curve of test beam.

3 Experimental Results and Analysis
3.1 Load–Midspan Deflection Curve
Fig. 4 Arrangement of measure point of test beams.

Fig. 5 Loading schematic diagram of beams under test.

2.4 Loading Equipment and Loading Scheme

A 5000-kN electrohydraulic servo pressure testing
machine was used to apply force to the distribution
beam so that the shear span ratio λ was 2.26 (the shear
span ratio was the ratio of section bending moment to
the product of shear force and effective height). Preloading was carried out in three stages, with each stage
taking 5% of the estimated limit load of the test beams.
Instruments and equipment were unloaded to 0 MPa
after confirming that the beams operated normally, and
formal loading commenced. Graded loading was used
in the loading process, at 10 kN for each grade. When
the predicted cracking load was approached, the load
for each grade was halved, to obtain the load value at
the first crack is found. A schematic diagram of the test
loading is shown in Fig. 5.

For beams in the shear tests, the shear–load point–displacement curve and the load–midspan deflection curve
of the beams can reveal the macro-characteristics of the
test beams after loading. The load–midspan deflection
curve was used to analyze the shear-bearing capacity of
the test beams. The load–midspan deflection curve of the
test beams is shown in Fig. 6, and the midspan deflection
that corresponds to the ultimate load is shown in Table 4,
in which the B0 test team used an A0 specimen, the B1
test team used an A1 specimen and the B2 test team used
an A2 specimen as concrete, respectively.
For convenience of analysis, the average load–midspan
deflection curve, ultimate beam load and corresponding
midspan deflection of each group of test beams B0, B1
and B2 are shown in Table 4 and Fig. 7:
By analyzing Fig. 7, the following results can be
obtained:
(1) Polypropylene fiber addition into concrete can
improve the ultimate shear capacity of the inclined
section of the concrete beams. Compared with
conventional reinforced-concrete beams, the ultimate shear-bearing capacities of concrete beam
B1 mixed with coarse polypropylene fibers and B2
mixed with three fiber types increased by 8.67% and
17.07%, respectively.
(2) A comparison of the midspan deflection that corresponds to the ultimate load of the three beam
groups shows that the midspan deflection of B1
and B2 increased by 9.68% and 50.84%, respectively,
compared with B0, i.e., polypropylene fiber addition
increases the shear beam ductility. Multisize polypropylene fiber addition with three fiber types can
improve the beam toughness significantly.
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Table 4 Ultimate load of test beam and corresponding midspan deflection.
Test beam
no.
B0

B1

B2

Limit load (kN)

Average
limit load
(kN)

B0-1

217.10

218.79

B0-2

220.00

Midspan deflection
corresponding to ultimate
load (mm)
7.60

Average midspan deflection
corresponding to ultimate load
(mm)

Standard deviation of
the average limit loads
(kN)

7.75

1.23

9.22

6.56

10.92

5.04

7.90

B0-3

219.27

B1-1

229.65

7.76

B1-2

245.32

8.61

B1-3

234.37

9.24

236.45

9.80

B2-1

263.94

B2-2

252.07

10.77

B2-3

255.10

11.77

257.04

10.22

3.2 Comparison of Cracking Loads

During loading, crack occurrence in the test beams was
observed, and the cracking load data were collected
immediately when cracks were observed. A ZBL-F130
crack width observation instrument was used to measure the crack width. The cracking loads of the three
groups of shear test beams and their corresponding
crack widths are shown in Table 5.
By analyzing the cracking load and crack width of test
beams, the following results were obtained:

Fig. 7 Load–midspan deflection curve of test beam.

(3) Load–deflection curves were analyzed. The curve
began to descend immediately after the conventional reinforced-concrete beam B0 reached the
ultimate bearing capacity, and the bearing capacity fell rapidly when the deflection did not increase
obviously. The curve in Fig. 7 is steeper and the
initial descending slope is larger than the curves of
beams that were mixed with polypropylene fiber
and multisize polypropylene fiber concrete beams,
which showed a less sudden drop after reaching the
limit load value. The bearing capacity decreased
along a relatively smooth curve. The load–deflection curve of the multisize polypropylene fiber concrete beam B2 was most saturated, which shows
that the multisize polypropylene fiber can improve
the ultimate bending load-bearing capacity of the
concrete beam, and increase the ductility of the
beam and provide a significant crack resistance and
toughening effect.

(1) By taking the average value of the cracking load of
each group of concrete beams with different fiberreinforcement dosages, it can be concluded that the
cracking load of conventional reinforced-concrete
beams is 57.45 kN, the cracking load of concrete
beams mixed with coarse polypropylene fibers
only is 76.97 kN, and the cracking load of concrete
beams mixed with three fiber types is 92.21 kN.
Compared with conventional reinforced-concrete
beams, the cracking load of concrete mixed with
coarse polypropylene fibers only increased by
33.98%, and that of multisize polypropylene fiber
concrete beams increased by 60.50%.
(2) Compared the initial crack widths of the three specimens, the initial crack width of conventional reinforced-concrete beams without fiber is largest, and
the initial crack widths of B1 and B2 mixed with
fibers were reduced. According to the test results,
the initial crack of the multisize polypropylene fiber
concrete beams was smallest, which shows that
polypropylene fibers of different sizes play a supporting and complementary role, form a spatial network structure, enhance the beam toughness and
inhibit crack development.
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Table 5 Cracking load and crack width of test beam.
Test beam no.
B0

B1

B2

Cracking
load (kN)

Average cracking Standard deviation of the Crack width
load (kN)
average load (kN)
(mm)

Average crack
width (mm)

Standard deviation of the
average crack width (mm)

57.45

0.0607

0.000943

0.0387

0.00330

0.03

0.00942

B0-1

60.23

B0-2

55.42

2.03

0.060

B0-3

56.71

B1-1

75.13

B1-2

78.21

B1-3

77.58

B2-1

90.43

B2-2

93.94

0.026

B2-3

92.25

0.021

0.062
0.060
76.97

1.33

0.043
0.038
0.035

92.21

1.43

(a) failure mode of conventional reinforced-concrete beam B0

(b) failure mode of concrete beam B1 mixed with coarse

polypropylene fiber

(c) failure mode of multisize polypropylene fiber

concrete beam B2
Fig. 8 Failure modes of test beams in each group.

3.3 Crack Shape and Failure Mode

The failure mode and crack shape of the test beams are
shown in Fig. 8a, b and c, in which Fig. 8a is the failure
mode of conventional reinforced-concrete beam B0,
Fig. 8b is the failure mode of concrete beam B1 mixed
with coarse polypropylene fiber, and Fig. 8c is the failure
mode of multisize polypropylene fiber concrete beam B2.
According to the crack development and failure of test
beams, the following can be seen:

0.043

As shown on the left of Fig. 8a, initially, concrete beam
B0 without polypropylene fiber shows vertical cracks at
the bending and shearing sections of the beam, and when
the load increases, the amount of vertical bending cracks
increase, but the development is slow, and the width is
relatively balanced. When the load increases continuously, a bending and shearing section were observed, a
number of small oblique cracks existed and developed
gradually into main oblique cracks, as shown on the right
of Fig. 8a. Along with the rapid development of main
crack width and continuous local compression crushing,
the main crack grew, coalesced gradually, and finally lead
to failure. During this process, vertical bending cracks
were observed, and their number increased continuously
in the early stage, but did not increase obviously in the
later stage. The width and height of the main oblique
cracks were large, which resulted in shear failure.
As shown on the left of Fig. 8b, crack development
of concrete beam B1 mixed with coarse polypropylene
fibers is basically the same as that of the conventional
reinforced-concrete beam in the initial stage. However,
when failure occurs, although a large main oblique crack
existed, it did not develop into a critical oblique crack
that leads to beam failure. Instead, concrete in the compression zone was crushed after the tensile reinforcement
near the support yielded, which resulted in flexural-shear
failure. The right figure of Fig. 8b shows that coarse fiber
mixed into the concrete beam plays a good bridging role.
When the specimen was stressed, the fiber could absorb
some energy and hinder crack extension.
As shown on the left of Fig. 8c, multisize polypropylene fiber concrete beam B2 was mixed with one type of
coarse polypropylene fiber and two types of fine polypropylene fibers that were crushed in the compression zone
after the tensile reinforcement at the support yielded,
which resulted in bending-shear failure with obvious
plastic characteristics. Compared with polypropylene
fiber concrete beams that were mixed with coarse fibers
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only (B1), the cracks were more densely distributed, and
the beams had a larger deflection, better ductility and
greater ultimate bearing capacity. The crack shape on
the right of Fig. 8c showed that because the difference
between the diameter of polypropylene fine fiber and the
width of microcrack is very close, which can ensure a sufficient cohesive length with concrete, fine fibers can prevent continuous expansion at the microcrack expansion
stage. However, when the microcrack width developed to
a certain extent, the bearing capacity and bonding force
of a single fine fiber were small, and the fiber was disconnected or pulled out, the connection effect was lost, and
the development of wider cracks was no longer inhibited.
As the number of cracks continued to increase, coarse
fibers began to inhibit macrocracks and hinder the development of wider cracks until they were pulled out.
A comparison between concrete beam B0 without
polypropylene fibers and concrete beam B1 with coarse
polypropylene fibers, shows that polypropylene fiber
addition increases the deformation capacity, changes the
brittle shear failure to a plastic bending-shear failure,
which changes the beam failure mode. The addition of
coarse polypropylene fibers improves the beam plasticity,
which increases the beam toughness.
A comparison between multisize polypropylene fiber
concrete beams B2 with concrete beams B1 mixed with
coarse polypropylene fibers only, shows that B2 beam
has a higher load-bearing capacity, a greater plasticity,
produces more and denser cracks, but a narrower width.
The concrete performance improved after mixed multisize polypropylene fibers were added. The three fibers
can interact to make up for the deficiency of the single
fiber, support each other, form a whole and build a spatial
network structure in the concrete, which will increase the
concrete performance and beam toughness, and improve
the ductility.
3.4 Analysis of Concrete Beam Deformation

To study the influence of polypropylene fibers on the
concrete deformation of the test beams, an analysis and
study of strains of conventional reinforced-concrete
beam B0 without polypropylene fiber, concrete beam B1
with coarse polypropylene fibers and multisize polypropylene fiber concrete beam B2 was carried out. In tests of
three groups, the through the thickness strain of concrete
in a section near the middle of the span was compared
and analyzed.
The through the thickness strain curves of concrete for
B0, B1 and B2 beams under different loads are shown in
Fig. 9.
An analysis of the three strain curves showed that at
the initial stage of loading, for the through the thickness strain, the following relationship was obtained:
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Fig. 9 Through the thickness strain comparison of different concrete
beams.

conventional reinforced-concrete beam through the
thickness strain is larger than that of multisize polypropylene fiber concrete beam, and is smaller than that of
concrete beams mixed with coarse fibers. Coarse fiber
addition increases the initial defects of the concrete
structure and increases the strain, but the fine fiber in
the multisize polypropylene fiber can improve the performance in the initial loading stage. Thus, the concrete
can bear more force in a smaller deformation state. The
curves of B0 and B1 are basically the same in the middle and later stages of loading analysis, but the multisize
polypropylene fiber concrete has a greater strain in the
transverse direction. These results show that multisize
polypropylene fibers can enhance the plastic deformation
capacity of concrete, improve the brittle failure of the
beam, and enhance the ultimate shear-bearing capacity
of the concrete beam.

4 Study on Modification of Calculation Formula
for Shear Capacity of Polypropylene Fiber
Concrete Beams
According to the calculation formula in the Technical
Specification for Design of Concrete Structures (GB500102010) (GB, 2010) and based on the characteristics of
polypropylene fibers, the formula was modified to
obtain a formula to calculate the shear-bearing capacity of polypropylene fiber concrete beams. The theoretical calculation in this paper includes the following main
assumptions:
(1) When the beam was subjected to shear and compression failure, and with a consideration for the force
balance condition, as shown in Fig. 10, the design
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Table 6 Fiber characteristic parameter and fiber-reinforcement
coefficient of test beams.
Test beam no.

Fiber characteristic
parameter f

Fiber
reinforcement
coefficient βv

B0

0

0

B1

0.39

0.151

B2

0.91

0.156

Fig. 10 Bearing capacity composition of inclined section.

value of the inclined section shear force of the beam
consisted of the following three parts:

Vu = Vc + Vs + Vsb ,

(1)

where Vu is the design value of the ultimate shear-bearing
capacity of concrete beams, Vc is the design value of the
shear-bearing capacity of the concrete shear compression
zone, Vs is the design value of the shear-bearing capacity
of the stirrup that intersects the inclined cracks and Vsb
is the design value of the shear-bearing capacity of the
bending reinforcement with inclined cracks.
Because Vc and Vs are related closely in the actual calculation and cannot be calculated separately, Vcs is used
to represent the resultant shear capacity of the concrete
and stirrups. Because test beams were not equipped with
an inclined reinforcement, there was no need to consider
Vsb, namely:

Vu = Vcs = Vc + Vs .

(2)

(2) When the beam reached the limit of shear–compression failure, the stirrups that intersected the
inclined cracks yielded.
(3) For beams with a web reinforcement, the influence of section size was not considered.
(4) For concrete beams with no inclined reinforcement and only stirrups under concentrated loads, the
following calculation formula was given in the Technical Specification for Design of Concrete Structures
(GB50010-2010) (GB, 2010):

Vu = Vcs =

1.75
Asv
ft bh0 + fyv
h0 ,
+1
s

(3)

where ft is the concrete tensile strength, fyv is the design
value of the stirrup tensile strength, b is the cross-sectional width of the concrete beam, h0 is the effective

cross-sectional height of the concrete beam, and  is used
to calculate the shear span ratio of the cross-section.
When  < 1.5,  = 1.5 and when  > 3,  = 3. s is the stirrup
spacing along the length direction of the member, and
Asv is the cross-sectional area of the stirrup in the same
cross-section.
For polypropylene fiber concrete beams, fiber addition
changes the cohesiveness between the reinforcement and
the concrete and increases the bonding stress, according to reference (Zhao et al., 1999). Cracks will appear in
the concrete under the action of an external force. The
position of the surrounding reinforcement and concrete
will change, which leads to bond slip. However, this situation will be delayed after fiber addition. Therefore, the
bonding stress is considered to relate to the fiber length
lf, diameter df and fiber volume fraction ρf . Among them,
the fiber characteristic parameter f is the product of the
fiber volume fraction and the length-to-diameter ratio
lf/df.
Based on the test results and theoretical analysis, reference Zhao et al., (1999) modifies the formula of the
shear-bearing capacity of the inclined section of the concrete beam with a fiber-reinforcement coefficient βv and
a characteristic fiber parameter f , and proposes the formula for shear-bearing capacity Vfu of the fiber concrete
beam under concentrated loads:

Vfu = Vcs =

1.75
Asv
h0 .
(1 + βv f )ft bh0 + fyv
+1
s

(4)

According to the data under inclined section shear
failure and the fiber characteristic parameter f of the
inclined section shear test beam, the fiber-reinforcement
coefficient βv was calculated, and results are shown in
Table 6.
According to Eq. (4), the ultimate bending bearing
capacity of the inclined sections of the three groups of
test beams in this paper was calculated, and an analysis
and comparison between the test values and theoretical calculation values were carried out. The results are
shown in Table 7.
According to the calculation results, the ratio of measured to theoretical value that was calculated by the
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Table 7 Comparison between calculated and measured shear capacity of beam sections.
Test beam no.

Measured value
(kN)

Average measured
value (kN)

Standard deviation of the average
measured value (kN)

B0-1

108.55

109.40

0.62

B0-2

110.00

B0-3

109.64

B1-1

114.83

118.23

3.28

Calculated value
(kN)

Measured value/
calculated value

102.01

1.064

102.01

1.078

102.01

1.075

114.39

1.004

B1-2

122.66

114.39

1.072

B1-3

117.19

114.39

1.024

B2-1

131.97

130.96

1.008

B2-2

126.04

130.96

0.962

B2-3

127.55

130.96

0.974

128.52

2.52

modified formula of the ultimate shear-bearing capacity of the inclined section of the test beams was 1.029 on
average, with a standard deviation of 0.04, and a variable
coefficient of 0.04. The calculated value was consistent
with the measured value.

5 Conclusions
By carrying out three groups of inclined section shear
tests of reinforced concrete rectangular beams with different fiber contents, the shear performance of multisize
polypropylene fiber concrete beams was determined in
terms of load–midspan deflection, cracking load comparison, crack shape and failure mode, and concrete
deformation. Through in-depth analysis, the following
recommendations were reached:
(1) Polypropylene fiber addition can improve the shearbearing capacity of rectangular beams. Compared
with conventional reinforced-concrete beam B0
(fiber content: none), the limit shear load of concrete beam B1 mixed with coarse polypropylene
fibers (fiber content: CF1, 6 kg/m3) and multisize
polypropylene fiber concrete beam B2 mixed with
three kinds of fibers (fiber content: FF1, 0.6 kg/m3;
FF2, 0.6 kg/m3; CF1, 4.8 kg/m3) increased by 8.67%
and 17.07%, respectively.
(2) Polypropylene fiber addition into concrete beams
can improve the initial crack shear force of beams,
inhibit crack development, increase the number of cracks and reduce the crack width, which
can increase the beam ductility and achieve crack
resistance and toughening. For the same total fiber
content, the crack resistance and toughening effect
of beams with multisize polypropylene fibers B2 is
better than that with coarse polypropylene fibers
B1. When the dosage was the same, the multisize
polypropylene fiber B2 could improve the shear
capacity of the inclined section of the beam most.

(3) Based on Code for Design of Concrete Structures
(GB50010-2010), the theoretical calculation of the
ultimate bearing capacity of the test beams was carried out and improved, and the calculation results
were consistent with the test values.
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