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Uniaxial tensile tests of basalt fiber/epoxy (BF/EP) compositematerial with four different fiber orientations were conducted under four
different fiber volume fractions, and the variations of BF/EP composite material failure modes and tensile mechanical properties were
analyzed.+e results show that when the fiber volume fraction is constant, the tensile strength, elastic modulus, and limiting strain of
BF/EP composite material all decrease with increasing fiber orientation angle. When the fiber orientation angle is constant, the tensile
strength, elastic modulus, and limiting strain of BF/EP composite material all increase with increasing fiber volume fraction. A certain
degree of fiber clustering appears in the epoxy resin when the basalt fiber volume fraction is >1.2%. +e fiber equidistribution
coefficient and clustering fiber content were used to characterize the basalt fiber clustering effect. With the increase of fiber volume
fraction, the clustering fiber content gradually increased, but the fiber equidistribution coefficient decreased.Meanwhile, based on Tsai
theory, a geometric model and a tensile mechanical model of the clustering fiber are established. By considering the fiber clustering
effect, the BF/EP composite material tensile strength is calculated, and the calculated values are close to the experimental results.

1. Introduction

Basalt fiber is a new type of mineral fiber made from the
melting of natural basalt at high temperature (1400–1500°C)
[1]. Because of its characteristics such as high elastic
modulus and tensile strength, it is widely applied in in-
dustries such as machine building, aviation, and building
materials [2–5]. Basalt fiber/epoxy (BF/EP) composite ma-
terial is made by adding specific amounts (volume fractions)
of basalt fiber to epoxy resin. +e addition of basalt fiber
effectively reduces the internal stress of the epoxy resin
(matrix) and improves its mechanical properties [6].

Because of the high tensile strength, light weight, and
convenient construction, BF/EP composite material can be
used as a new type of reinforcement material and applied to
repair and strengthening of concrete structure and steel
structure in civil engineering [7]. For example, the re-
inforcement material is glued to the tensile area of concrete
component (walls, beams, slabs, and columns), which can
effectively improve its carrying capacity, avoid excessive
deformation of the cross section, and prevent the crack

expansion [8–10]. And in the shear area of the concrete
beam, reinforced material can effectively improve its
shearing capacity [11, 12]. By gluing the reinforcement
material to the intersection of beam and column, the limiting
strain of the plastic-hinge zone can be constrained, and the
seismic behavior of concrete structure and steel structure
can be improved [13, 14]. Meanwhile, compared with glass
fiber/epoxy (GF/EP) composite material and carbon
fiber/epoxy (CF/EP) composite material, due to its excel-
lent properties such as higher corrosion resistance, excellent
durability, and resistance to high temperature, BF/EP com-
posite material can be used for strengthening the structure
(concrete and steel) after long-term chemical corrosion or
exposure to fire so that the service life of the structure is
improved. Related research shows that reinforced component
(concrete and steel) has higher fatigue resist [15]. +erefore,
BF/EP composite material can also be used to strengthen the
bridge structure and dam body under long-term action of
fatigue load.

To sum up, the intensive research of the manufacturing
process and mechanical property of BF/EP composite
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material provides powerful help for its application in civil
engineering. At present, research on BF/EP composite ma-
terial focuses on the influence of fiber surface modification on
mechanical properties [16, 17], yet there is some research on
the influence of fiber distribution on tensile properties of
BF/EP composite material. However, the fiber distribution
can also have a significant influence on mechanical properties
of the BF/EP composite material [18–20]. As the main pa-
rameter reflects the fiber within thematrix, fiber orientation is
an important factor influencing the mechanical properties of
BF/EP composite material [21, 22]. +erefore, some scholars
have made attempts to use flow-field orientation (imposed by
an internal fluid viscous force) before matrix curing to control
fiber orientation. For example, Yang et al. [23] conducted
research on the flow field formed in the interval between two
concentric rotating cylinders and the fiber movement and
orientation in the flow field. +eir results show that fibers
moved and oriented along the flow field. With the use of
a numerical algorithm employing the finite volume and finite
difference methods, Zhang and Jie [24] analyzed the flowing
behavior of a fiber-reinforced polymer melt in a contraction
flow chamber. +e results show that when shearing motion
dominates, fibers orient in cyclonic rotation, whereas when
stretching dominates, fibers exhibit monopodium stretching.

In this paper, with the use of a handmade chute device,
16 kinds of BF/EP composite materials (with different
volume fractions and different fiber orientations) were
produced. Uniaxial tensile testing of these BF/EP composite
materials was then conducted. +e goal is to understand the
influence of fiber orientation and fiber volume fraction on
the tensile properties of the BF/EP composite material and to
provide some experimental bases for the design and engi-
neering application of BF/EP composite material.

2. Experiments and Research on Tensile
Properties of BF/EP Composite Material

2.1. Material Parameters and Raw Materials. +e curing
agent used was polyamide, and the diluent was acetone. +e
matrix was compounded according to a mass ratio of M1
(epoxy resin) :M2 (curing agent) :M3 (diluent)� 38 : 25 :1.
As tested after solidification, the matrix had a tensile
strength of 16.67MPa, a limiting strain of 0.002, a shear
strength of 21.73MPa, and a curing residual stress of
0.31MPa. +e fiber employed was a chopped discontinuous
basalt fiber, and the physical and mechanical indexes of
which are listed in Table 1.

2.2. Design and Technology of BF/EP Composite Material.
First, we designed the basic parameters of the BF/EP
composite material. +e volume fractions Vf of basalt fi-
ber tested are 0.6%, 0.9%, 1.2%, and 1.5%. +e orientation
angles θ of fibers in the matrix are 0°, 15°, 30°, and 45°. +e

size of each sample is 10mm× 20mm× 300mm, and three
samples comprised one group.

Second, we used a handmade device to fabricate the
oriented basalt fiber/epoxy composite material. For the epoxy
resin, a curing agent and diluent were mixed according to
a predetermined proportion, thus forming a liquid epoxy
resin matrix. Basalt fiber was then added, and the mixture was
stirred for two minutes. +e resulting mixture was then
poured into the hopper of the chute stretch device (Figure 1).
+e mixture flowed down the chute into the mold under the
influence of gravity, forming an elongation flow field in the
matrix that led to fiber orientation approaching the elonga-
tion flow-field direction [25, 26]. By controlling the angle
between the chute and the surface, different gravity flow fields
were formed. Chute angles θc of 15°, 23°, 30°, and 45° pro-
duced oriented basalt fiber/epoxy composite materials with
fiber volume fractions of 0.6%, 0.9%, 1.2%, and 1.5%, re-
spectively. For example, Figure 2 shows an oriented basalt
fiber/epoxy composite material (Vf � 0.9%).

+ird, we fabricated BF/EP composite materials with
different fiber orientations. After the completion of matrix
solidification (about 48 h at 20°C± 2°C), along the fiber
direction, we cut the samples at included angles of 0°, 15°, 30°,

Table 1: Physical and mechanical indexes of basalt fiber.

Density (g/cm3) Tensile strength (MPa) Limit elongation (%) Tensile modulus (GPa) Diameter (mm) Length (mm)
2.65 3300 3.2 100 0.01 12

HopperChute

Mold

Pulley

Frame

v

θc

Figure 1: +e chute stretch device.

20 mm

Figure 2: Molding effect of oriented basalt fiber/epoxy composite
material (Vf � 0.9%).
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and 45°, thus obtaining BF/EP composite material with four
different fiber orientations.

2.3.Analysis of theExperimentalResults. Uniaxial tensile tests
were conducted using aWAW-1000 universal testingmachine
and stress-strain curves were collected at a loading rate of
5N/s. Figure 3 shows the tensile test machine (WAW-1000).

Figure 3 shows the tensile test device. +e tensile stress-
strain curves of different kinds of BF/EP composite materials
(with different fiber orientations and different fiber volume
fractions) are given in Figures 4(a)–4(d). According to
Figure 4(a), when Vf was 0.6% and θ was 0°, 15°, and 30°,
compared with the epoxy resin matrix, the tensile strength of
BF/EP composite material increased by 16%, 8%, and 1%,
respectively, and the limiting strain increased by 22%, 5%,
and 1%, respectively. According to Figure 4(b), when Vf was
0.9% and θ was 0°, 15°, 30°, and 45°, compared with the epoxy
resin matrix, the tensile strength of BF/EP composite ma-
terial increased by 45%, 36%, 22%, and 12%, respectively,
and the limiting strain increased by 29%, 22%, 8%, and 4%,
respectively. According to Figure 4(c), when Vf was 1.2%
and θwas 0°, 15°, 30°, and 45°, compared with the epoxy resin
matrix, the tensile strength of BF/EP composite material
increased by 90%, 81%, 56%, and 34%, respectively, and the
limiting strain increased by 88%, 54%, 35%, and 20%, re-
spectively. According to Figure 4(d), when Vf was 1.5% and
θ was 0°, 15°, 30°, and 45°, compared with the epoxy resin
matrix, the tensile strength of BF/EP composite material
increased by 106%, 98%, 80%, and 58%, respectively, and the
limiting strain increased by 114%, 75%, 38%, and 21%,
respectively. Table 2 lists the tensile strengths and limiting
strains of the BF/EP composite materials. One can see that
the addition of basalt fiber has different impacts on im-
proving the tensile strength and limiting strain of the matrix.
When the fiber volume fraction is constant, the tensile
strength and limiting strain of BF/EP composite material
both decrease with increasing fiber orientation angle. When
the fiber orientation angle is constant, the tensile strength
and limiting strain of BF/EP composite material both in-
crease with increasing fiber volume fraction.

+e elastic modulus of the matrix and BF/EP composite
material can be obtained by calculating the slope of the
elastic section of the stress-strain curve (Figures 4(a)–4(d)).
+e calculation results are given in Table 2. It can be seen
from Table 2 that when the fiber volume fraction is constant,
the elastic modulus of BF/EP composite material decreases
with increasing fiber orientation angle. For example, when
Vf was 0.6% and θ was 0°, 15°, 30°, and 45°, compared with
the epoxy resin matrix, the elastic modulus of BF/EP
composite material increased by 59%, 34%, 27%, and
13%, respectively. When the fiber volume fractions were
0.9%, 1.2%, and 1.5%, the trends in the elastic modulus of
BF/EP composite material were similar to that with a fiber
volume fraction of 0.6%.

It can also be seen from Table 2 that when the fiber
orientation angle is constant, the elastic modulus of BF/EP
composite material increases with increasing fiber volume
fraction. For example, when θ was 0° and Vf was 0.6%, 0.9%,

1.2%, and 1.5%, compared with the epoxy resin matrix, the
elastic modulus of BF/EP composite material increased by
59%, 71%, 93%, and 124%, respectively. When the fiber
orientation angles were 15°, 30°, and 45°, the trends of the
elastic modulus of BF/EP composite material were similar to
that with a fiber orientation angle of 0°.

In conclusion, the tensile strength, limiting strain, and
elastic modulus of the BF/EP composite material are
related to the orientation and volume fraction of fiber. To
further analyze the influence of the orientation and vol-
ume fraction of fiber on tensile properties of the BF/EP
composite material, the following enhancement co-
efficient β is introduced:

β �
If

Im
, (1)

where If is the tensile property indicator of the BF/EP
composite material, such as its tensile strength σf , elastic
modulus Ef , and limiting strain εf , and Im is the tensile
property indicator of the matrix, such as its tensile strength
σm, elastic modulus Em, and limiting strain εm. +erefore,
the enhancement coefficient of tensile strength (βt), the
enhancement coefficient of elastic modulus (βe), and the
enhancement coefficient of limiting strain (βs), for different
orientations and volume fractions, can be obtained from
Table 2. We used the linear regression method to analyze
the change in the enhancement coefficient with fiber ori-
entation angle and fiber volume fraction.+e fitting surface
functions are

βs � 1.274− 0.3661i− 0.008179θ + 0.4552i
2

− 0.00007442iθ + 0.00004652θ2,
(2)

βe � 1.469 + 0.05436i− 0.008847θ + 0.2491i
2

− 0.01271iθ + 0.000182θ2,
(3)

βt � 0.3937 + 1.301i + 0.003205θ− 0.08973i
2

− 0.008662iθ − 0.00006437θ2.
(4)

+e correlation coefficients for (2)–(4) are 0.9677,
0.9783, and 0.9791, respectively. +ese experiment results
provide useful guidance for the design and manufacture of
BF/EP composite material [27] Figure 5.

Figure 3: +e tensile test machine (WAW-1000).
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3. Analysis of the BF/EP Composite Material’s
Tensile Failure Mode

We analyzed the tensile failure mode of samples by ob-
serving the fracture surface of samples through scanning
electron microscopy. It was found that there is a certain
degree of agglomeration occurring in the epoxy resin when
the basalt fiber volume fraction is >1.2%. Figure 5 shows
images of the BF/EP composite material sample fracture
surface. Figures 5(a) and 5(b) show agglomeration of fibers
in the fracture surface when fiber volume fractions were
1.2% and 1.5%.+is agglomeration occurs because the fibers
and matrix undergo different mixing mechanisms, making it
difficult for the fibers to distribute evenly within the epoxy

resin. Consequently, some fibers are present in groups or
bundles [20].

+is kind of fiber agglomeration can be called “fiber
clustering.” Because of the fiber clustering effect, there are
only small gaps in between fibers, which make it hard for the
matrix to enter the fiber agglomerates, and there are crevices
in the fiber agglomerates (Figure 5(c)). Fibers in fiber ag-
glomerates are loosely bound to the matrix, and its most
common tensile failure mode presents as fiber pulling out,
whereas peripheral fibers of the fiber agglomerates are well
bound to the matrix, with its most common tensile failure
mode presenting as fiber pulling off (Figure 5). According to
Tsai theory [28, 29], when the matrix cracks because the
tensile force exceeds its tensile strength, all its load is
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Figure 4: Tensile stress-strain curves of BF/EP composite materials with different orientations and different volume fractions of fibers.
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transferred to the fiber for its pull off. +e fiber approaches
its yield strength and is broken with the matrix. +us, the
bonding strength of the fiber and matrix is greater than the
yield strength of the fiber, and meanwhile, the bonding
strength of the fiber and matrix is greater than the tensile
strength of the matrix alone. +erefore, the fibers play an
enhanced role in the matrix.

However, the matrix is destroyed before the pullout fiber
reaches its yield limit, and the bonding strength of the fiber
and matrix is smaller than the tensile strength of the fiber, so
the fibers do not play an enhanced role in the matrix.
Similarly, a crevice in a fiber cluster leads to matrix cracking

in advance to some degree, and the tensile strength of the
composite decreases (Figure 5(e)). Compared with the
sample fracture surface of a fiber cluster, the fracture surface
of samples is rougher and has large bumps when the fiber has
an even distribution (Figure 5(f)). +ese bumps occur be-
cause when the fibers are evenly distributed, they bond well
with the matrix, diminishing the stress concentration within
the matrix and changing the matrix cracking stress path,
thus leading to greater roughness of the fracture surface. +e
reason is that the tensile strength of a solid material de-
creases with the increase of the three-dimensional roughness
of its fracture surface [30, 31]. In conclusion, fiber clustering

(a) (b) (c)

(d) (e) (f)

Figure 5: E-sports scan results of the BF/EP composite material sample fracture surface.

Table 2: Tensile property parameters of BF/EP composite material.

Sample number Fiber orientation
angle, θ (°)

Fiber volume
fraction (%)

Tensile strength
(MPa)

Limiting strain
(mm/mm)

Elastic modulus
(MPa)

0-0 0 0 16.13 0.00210 8576
1-1 0 0.6 18.54 0.00257 13638
1-2 15 0.6 17.35 0.00220 11530
1-3 30 0.6 16.12 0.00213 10918
1-4 45 0.6 15.85 0.00205 9730
2-1 0 0.9 23.56 0.00273 14741
2-2 15 0.9 21.78 0.00255 11868
2-3 30 0.9 19.62 0.00228 11257
2-4 45 0.9 17.90 0.00218 10315
3-1 0 1.2 30.37 0.00323 16568
3-2 15 1.2 29.05 0.00303 13320
3-3 30 1.2 25.13 0.00256 11360
3-4 45 1.2 21.54 0.00241 10428
4-1 0 1.5 33.26 0.00354 19226
4-2 15 1.5 32.01 0.00339 15302
4-3 30 1.5 28.60 0.00333 11675
4-4 45 1.5 25.27 0.00313 10911
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has reduced the utilization of �bers to some degree and
diminished the improvement in tensile strength of the
matrix. Consequently, in the design and engineering ap-
plication of BF/EP composite material, attempts should be
made to decrease or avoid �ber clustering.

4. Performance and Mechanism Analysis of
Stretchability of Fiber-Reinforced Epoxy
Matrix Composites

4.1. Characterization of Fiber Clustering E	ect. Consider an
agglomerate of oriented �bers and matrix material in their
adjacent area as a mesocharacteristic unit, as shown in
Figure 6.

Figure 6(a) shows the stress produced by the bonding
between clustering �bers and matrix material, and Fig-
ure 6(b) shows the con�ning stress generated by matrix
solidi�cation contraction on �ber agglomerates. ere-
fore, the stress acting on �ber agglomerates in the matrix
material is

σfe � τ · Se + ∫
N

0
μ · σs dN � τ · C · lf +Nπ

df
2

( )
2

 

+ μ · σe · C · lf ,

(5)

where σfe is the stress acting on clustering �bers in thematrix
materials; τ is the strength of bonding between �bers and
matrix material; Se is the bonding surface area between the
clustering �ber (the number of �bers isN) and the epoxy; μ
is the friction coe�cient between �bers; C is the perimeter of
�ber agglomerates section; df and lf are, respectively, the
diameter and length of a �ber; σs is the average con�ning
stress of a single �ber inside the �ber agglomerate; and σe is
the con�ning stress of �ber agglomerates (the numerical
value of which is equal to the residual stress generated by
matrix solidi�cation contraction). erefore, the stress
acting on the clustering �bers in the matrix material can be
divided into a bonding force between �bers and matrix
material and friction between �bers. However, the stress
acting on the uniformly distributed �bers in the matrix
material is the bonding force between �bers and matrix
material. Based on this, without considering the �ber tip
area, the �ber equidistribution coe�cient ηe is introduced to
represent the in�uence of clustering of �bers on tensile
strength of the complex; that is,

ηe �
σfe
σf
�
τ · Se + ∫

N

0
μ · σs dN

τ · Sf
�
τ · C · lf + μ · σe · C · lf

τ ·N · 2πdf lf
,

(6)

where σf is the stress ofN uniformly distributed �bers in the
matrix material and Sf is the bond area of N uniformly
distributed �bers and matrix material. For the analysis of the
geometric characteristics of �ber agglomerates, we assume
that there are agglomerates of �bers (containingN �bers) in
the matrix material and that the arrangement of �bers in the
�ber agglomerates includes a triangular arrangement and
a square arrangement (as shown in Figure 5(c)), from the
�ber center in the periphery of �ber agglomerates, randomly
forming a polygon with k sides, that is,A1, A2, A3, . . . , Ak,
as shown in Figure 7, which is called the “k-sided polygon
�ber-clustering model.”

If α1, α2, α3, . . . , αk are the interior angles of k-sided
polygon A1, A2, A3, . . . , Ak,M is the number of the most
peripheral �bers of the clustering �bers and c is the pe-
rimeter of k-sided polygon A1, A2, A3, . . . , Ak, and then,
the relationship between C and c can be deduced according
to the geometrical relationship:

M �
c

df
, (7)

ηf � 1−
lf(crit)
2lf

, (8)

σfe

τ·Se
Matrix 

Fibers

(a)

σs

σe

(b)

Figure 6: Micromechanics model of cluster-�ber-reinforced epoxy matrix composites.
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C � πdf · (M− k)

+ 2πdf ·
2π − α1
2π

+ 2πdf ·
2π − α2
2π

+ · · · + 2πdf ·
2π − αk

2π
 .

(9)

Equation (9) can be simplified to

C � πdf · (M− k) + df · 2kπ − α1 + α2 + · · · + αk(  .

(10)

Substituting (7) and (8) into (10) gives

C � c · π + 2πdf . (11)

All edges of k-sided polygon A1, A2, A3, . . . , Ak are
offset outward by df /2 to form k-sided polygon
B1, B2, B3, . . . , Bk, where S is the area of k-sided polygon
B1, B2, B3, . . . , Bk. +erefore,

S ≈ n1 · d
2
f (square arrangement of fibers), (12)

S ≈ n2 ·
3

�
3

√

4
d
2
f (triangular arrangement of fibers), (13)

where n1 and n2 are, respectively, the number of fibers inside
the fiber agglomerates in square and triangular arrange-
ments. It is considered that the fibers inside the fiber ag-
glomerates are in square and triangular arrangements;
therefore, the range of the number N of fibers in the fiber
agglomerates can be determined to be n1 to n2. By taking
N � 0.5(n1 + n2) and the sectional area of fiber agglomerates
approximate to the area of k polygon B1, B2, B3, . . . , Bk,
when the fibers cluster in a randomly formed k-sided
polygon, the equidistribution coefficient is

ηe �
6

�
3

√

4 + 3
�
3

√ ·
d2
f

S
·

c

2df
+
μ · σe · c

2τ · df
+
μ · σe
τ

+ 1 . (14)

4.2. Analysis of BF/EP Composite Material Tensile Property
with Fiber Clustering. Based on Tsai theory [28, 29], if we
take the BF/EP composite as a fiber-reinforced multiple
complex, then the tensile strength of the complex is the
elastic superposition of the tensile strength of fibers and
matrix material:

σfc � σfVf + σmVm � σm 1 +(n− 1)Vf , (15)

where σfc is the stress of the complex at the elastic stage; σm is
the stress of the matrix material; σf is the stress acting on the
fibers; Vm and Vf are, respectively, the volume fraction of
matrix material and the volume fraction of fibers; n � Em/Ef ;
Vm + Vf � 1; Em is the elasticity modulus of the epoxy
matrix; and Ef is the elasticity modulus of the fibers. If we
assume that the matrix material crack after its tensile
strength is reached under a tensile force, then all loads are
transferred to the fibers until they are broken, and thus,

σufc � σuf Vf , (16)

where σufc is the tensile strength of the complex and σuf is the
tensile strength of the fibers. In [32–34], it was assumed that

discontinuous fibers are uniformly distributed in the matrix
material. By considering the influence of fiber orientation,
length, and bonding between fibers and matrix material on
the tensile strength of the complex, the effective coefficient of
fiber, ηf , is introduced, so the tensile strength is given by

σufc � ηfσ
u
f Vf � ηlηθηbσ

u
f Vf , (17)

where ηl is the fiber length coefficient, ηb is the bond co-
efficient of fibers and matrix material, and ηθ is the orien-
tation coefficient of fibers in the matrix material. Given the
existence of fiber clustering, fiber composites contain
clustering fibers and uniformly distributed fibers. +erefore,
the ratio of volume fraction (Vfe) of clustering fibers to the
total volume fraction (Vf ) of fibers is defined as the clus-
tering fiber content w:

w �
Vfe

Vf
× 100%. (18)

According to (2) and (13), the tensile strength of the
BF/EP composite material with fiber clustering taken into
account is

σufc � ηfσ
u
f Vf � ηfσ

u
f 1−Vfe(  + ηfηeσ

u
f Vfe

� ηfσ
u
f Vf 1−w + ηew( .

(19)

Representative sections of BF/EP composite material
samples with the volume fractions of 0.6%, 0.9%, 1.2%, and
1.5% were magnified for observation after cutting and
polishing so that the number of clustering fibers and inside
arrangement can be obtained, as shown in Figure 8(a) (an
agglomerate of fibers). +e arrangement pattern of fiber
agglomerates in Figure 8(a) was cut, with the cutting line of
fiber agglomerates and matrix material being a solid poly-
gon, as shown in Figure 8(b). All edges of the solid polygon
are offset inward by df /2 to form a dotted polygon, which is
a polygon formed from the fiber center in the periphery of
this agglomerate of fibers. We calculated the area S of the
solid polygon and perimeter c of the dotted polygon. Table 3
lists cj and Sj values for the jth fiber agglomerate in the
representative section of the BF/EP sample for different
volume fractions of basalt fiber.

By taking a section from the oriented basalt fiber/epoxy
composite material samples with different volume fractions
(0.6%, 0.9%, 1.2%, and 1.5%), the length of each being 12mm,
as a representative volume unit, the effective coefficient of
fiber (ηf ) was calculated according to the method in [32–34]
and μ is 0.33 [35]. We then calculated the equidistribution
coefficients of all fiber agglomerates in the representative
volume unit using (14) and took the average value of these
coefficients as the equidistribution coefficient of fiber in this
representative volume unit.+e clustering fiber content of the
representative volume unit was calculated according to (18).
Figure 9 shows the fiber equidistribution coefficient ηe and
clustering fiber content w of different fiber volume fractions.
As shown in Figure 9, with the increase of fiber volume
fraction, the fiber equidistribution coefficient decreases and
the fiber clustering content increases.

By substituting the fiber equidistribution coefficient ηe
under different fiber volume fractions and clustering fiber

Advances in Civil Engineering 7



contents w into (16), we obtained the BF/EP composite
material tensile strength calculated values with fiber clus-
tering effect taken into account. Figure 10 shows the BF/EP
composite material tensile strength calculated values of
equidistributed fibers (without consideration of fiber clus-
tering effect: w � 0), the BF/EP composite material tensile
strength calculated values with fiber clustering effect taken
into account, and the BF/EP composite material tensile
strength test values of different fiber volume fractions.

From Figure 10, one can see that the calculated values for
BF/EP composite material tensile strength without fiber
clustering effect taken into account (i.e., fibers are distrib-
uted uniformly), the calculated values of the BF/EP com-
posite material tensile strength values with fiber clustering
effect taken into account, and the BF/EP composite material
tensile strength values obtained by testing all increase as the
fiber volume fraction increases. When the fiber volume
fraction is constant, the calculated value of the BF/EP
composite material tensile strength without consideration

of fiber clustering (i.e., if fibers are distributed uniformly) is
higher than the test value and has a larger deviation. Other
research [36] has shown that when the fibers are distributed
uniformly, the complex strength value predicted by Tsai
theory deviates significantly from the test value. However,
when the fiber volume fraction is constant, the BF/EP
composite material tensile strength calculated value with
fiber clustering effect taken into account is lower than that of
equidistributed fibers and is closer to the test value. +e
results of a linear regression between the calculated values of
BF/EP composite material tensile strength with consider-
ation of fiber clustering effect and the test values are as
follows:

σy � 1.01σx + 1.44,

R
2

� 0.991,
(20)

where σy is the BF/EP composite material tensile strength
value obtained by testing and σx is the calculated value of the

(a) C = 1.7880 mm 
S = 0.1684 mm2

(b)

Figure 8: Graph division and calculation of C and S for a cluster fiber.

Table 3: Calculated values of c and S for the jth fiber clustering with different fiber volume fractions.

j
i � 0.6% i � 0.9% i � 1.2% i � 1.5%

cj (mm) Sj (mm2) cj (mm) Sj (mm2) cj (mm) Sj (mm2) cj (mm) Sj (mm2)
1 1.6873 0.1297 2.2260 0.2516 1.7707 0.1216 1.9107 0.1247
2 2.1040 0.2116 2.0927 0.1159 1.4033 0.0869 1.3867 0.0752
3 1.0007 0.0566 1.5520 0.0903 1.8380 0.1683 1.3893 0.1380
4 0.8187 0.0493 1.6253 0.0956 1.1933 0.0966 1.5607 0.1260
5 1.6520 0.0930 1.7587 0.1676 1.3293 0.0992 1.6360 0.1342
6 1.7920 0.1739 1.7880 0.1684 1.4427 0.1413 1.3000 0.1041
7 — — 1.6073 0.1047 1.6980 0.1489 1.5373 0.1346
8 — — 1.6093 0.0887 1.4333 0.1111 1.4927 0.1354
9 — — 1.3620 0.0674 1.4267 0.1195 1.4587 0.1337
10 — — — — 1.1420 0.0857 1.2833 0.0870
11 — — — — 1.5180 0.1199 1.4673 0.1136
12 — — — — 1.5467 0.1460 1.3733 0.1151
13 — — — — 1.5067 0.1380 1.6620 0.1601
14 — — — — — — 1.2527 0.0982
15 — — — — — — 1.3993 0.1104
16 — — — — — — 1.3820 0.1068
17 — — — — — — 1.4807 0.1082
18 — — — — — — 1.8280 0.1551
19 — — — — — — 1.6640 0.1220
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BF/EP composite material tensile strength with consider-
ation of �ber clustering e�ect. e correlation coe�cient is
>0.991, which indicates a strong linear correlation. is
conclusion can provide a theoretical basis and reference
value for predicting the tensile strength of BF/EP composite
material.

5. Conclusion

Di�erent �ber orientations and BF/EP composite material
tensile strength experiments were analyzed, and research on
failure modes of di�erent �ber volume fractions was con-
ducted. e following can be concluded:

(1) With a certain amount of basalt �ber, the tensile
strength, elastic modulus, and limiting strain of epoxy

resin composite material signi�cantly improve. When
the �ber volume fraction is constant, the tensile
strength, elastic modulus, and limiting strain of BF/EP
composite material all decrease with increasing �ber
orientation angle. When the �ber orientation angle is
constant, the tensile strength, elastic modulus, and
limiting strain of BF/EP composite material all in-
crease with increasing �ber volume fraction.

(2) e �bers play an enhanced role in the matrix when
the bonding strength of the �ber and matrix is greater
than the yield strength of the �ber. However, the
matrix is destroyed before the pullout �ber reaches its
yield limit, and the bonding strength of the �ber and
matrix is smaller than the tensile strength of the �ber,
so the �bers do not play an enhanced role in the
matrix.

(3) e calculated values of the BF/EP composite material
tensile strength with �ber clustering e�ect taken into
account and the test values exhibit a strong linear
correlation (with a correlation coe�cient of 0.991).
is conclusion can provide a theoretical basis and
reference value for predicting the tensile strength of
BF/EP composite material.
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