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Abstract 
The uniaxial tensile tests of 16 types of basalt fiber / epoxy (BF/EP) composite material, 
formed by 4 different fiber orientation and 4 different fiber volume fraction, are carried out, 
with the tensile mechanical properties and its failure modes of the BF/EP composite material 
analyzed. The results show that the tensile strength, elastic modulus and limit strain of epoxy 
resin composite material increased significantly after being mixed with basalt fiber. With 
increasing fiber orientation angle, the tensile strength, elastic modulus and limit strain of 
BF/EP composite material decreased with the addition of a certain amount of fiber. However, 
with increasing fiber volume fraction, the tensile strength, elastic modulus and limit strain of 
BF/EP composite material increased for certain fiber orientation angle. There is a certain 
degree of agglomeration phenomenon in epoxy resin when mixed with basalt fiber with more 
than 1.2% of volume fraction.  
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Introduction 

Basalt fiber is a new type of mineral fiber made from the melting of natural basalt in high 
temperature（1400~1500℃）[1]. Because of its characteristics such as high elastic modulus 
and tensile strength, it is widely applied in areas including machine building industry, aviation 
industry and building materials industry[2, 3，4, 5]. Basalt Fiber reinforced epoxy resin is 
made from a certain addition (volume mixing rate) of basalt fiber into epoxy resin. With the 
addition of basalt fiber, internal stress of small epoxy resin (matrix) and mechanical properties 
of epoxy resin can be effectively reduced [6]. 
At present, researches on Basalt Fiber reinforced epoxy resin are focused on the influence of 
fiber surface modification on mechanical properties [7, 8], yet there are fewer researches of 
the influence of fiber distribution on tensile properties of BF/EP composite material. 
However, fiber distribution can exert a significant influence on mechanical properties of 
BF/EP composite material [9,10,11].  
As the main parameter reflecting fiber in matrix, fiber orientation is an important factor 
influencing mechanical properties of BF/EP composite material [12、13]. Therefore, some 
scholars made attempts to use flow field orientation （internal fluid viscous force）before 
matrix curing to control fiber orientation. For example, Yang Binxin and other scholars [14] 
conducted researches on flow field formed in the interval of two concentric rotating cylinders 
and the fiber movement and orientation in the flow field. The result shows that fiber has its 
movement and orientation along flow field. With the use of numerical algorithm of finite 
volume method and finite difference method, Zhang [15] analyzed the flowing behavior of 
fiber reinforced polymer melt in contraction flow chamber. The result shows that when 
shearing motion dominates, fiber has the orientation of cyclonic rotation; when stretching 
exercise dominates, fiber has the stretching orientation along monopodium. 
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In the thesis, with the use of handmade chute device, composite materials of oriented basalt 
fiber/epoxy resin composite material of different mixing rate are produced. After the 
completion of matrix solidification, along the fiber orientation, experiments are conducted 
concerning its axial tensile properties and destroying morphological analysis of its samples, 
with the cutting included angles of 0°,15°,30°and 45°of  tensile samples. The thesis is to 
make people know the influence of fiber orientation and mixing rate on tensile properties of 
BF/EP composite material and to provide some experimental bases for the design and 
engineering application of BF/EP composite material.  

Experiments and Researches of Tensile Properties of BF/EP composite material 

Material Parameter & Raw Materials 

Curing agent uses polyamide, and diluent uses acetone. Matrix is compounded according to 
mass ratio of M1(epoxy resin): M2(curing agent): M3(diluent)=38:25:1. It is tested that after 
solidification, the tensile intensity of matrix is 16.67 MPa, limit strain 0.002, shearing strength 
21.73MPa and curing residual stress 0.31 MPa. The fiber is Chopped discontinuous basalt 
fiber, and physical and mechanical indexes of basalt fiber are shown in sheet1. 

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 

The Design and Technology of BF/EP composite material 

The volume addition i of basalt fiber range between 0.6%, 0.9%, 1.2% and 1.5%. The 
orientation angleθof fiber in matrix ranges between 0°, 15°, 30°and 45°. The size of 
samples is 10mm×20mm×300mm and 3samples is one group. 
To mix epoxy resin, curing agent and diluent according to a certain proportion, matrix of 
epoxy resin can be formed, which is added by basalt fiber of a certain addition and then pour 
it into a chute. Because of gravity, basalt fiber will flow into test mode through chute and 
elongation flow field of matrix will be formed which will lead to the fiber orientation 
approaching tensile direction[16、17]. Through the control of include angles between chute 
and surface, different gravity flow fields are formed. When mixing rate of fiber is 0.6%, 0.9%, 
1.2% and 1.5% and included angle of chute is 15°, 23°, 30°and 45°, the fiber orientation 
in matrixes are relatively consistent. After the solidification of its matrix (about 48hours, 20±
2℃）, along the direction of fiber orientation, design sizes are cut in the angles of 0°, 15°, 
30°and 45°. Therefore, 4types of fiber orientation and 4 different fiber volume fractions under 
16 kinds of BF/EP composite material are gained. 

Analysis of the Experiment Result  

Uniaxial tensile test is conducted by adopting WAW-1000 universal testing machine and 
stress-strain curves are collected in the loading rate of 5N/s. The tensile stress-strain curves of 
different fiber orientation are given in fig. 1a、b、c、d when the volume additions of fiber 
are 0.6%, 0.9%, 1.2% and 1.5%.According to fig.1a, when i is 0.6% andθis 0°,15°and 
30°, the tensile strength of fiber to matrix has increased 16%, 8% and 1%, and limit strain of 
fiber to matrix has increased 22%, 5% and 1%. According to fig. 1b, when i is 0.9% and θ is 
0°,15°, 30° and 45°, the tensile strength of fiber to matrix has increased 45%, 36%, 22% and 
12%, and limiting strain of fiber to matrix has increased 29%, 22%, 8% and 4%. According to 



fig. 1c, when i is 1.2% and θ is 0°,15°,  30° and 45°, the tensile strength of fiber to matrix 
has increased 90%, 81%, 56% and 34%, and limiting strain of fiber to matrix has increased 
88%, 54%, 35% and 20%. According to fig. 1d, when i is 1.5% and θ is 0°,15°,  30° and 45°, 
the tensile strength of fiber to matrix has increased 106%, 98%, 80% and 58%, and limit 
strain of fiber to matrix has increased 114%, 75%, 38% and 21%. Therefore, the addition of 
basalt fiber has different improving impacts on the tensile strength and limiting strain of fiber 
and will increase as the mixing rate becomes higher; with increasing fiber orientation angle, 
the tensile strength and limit strain of the complex decreased with the addition of a certain 
amount of fiber. 
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Fig.2 Tensile stress-strain curve of BF/EP composite material with different orientation and different volume mixing 

rate of fibers 

In conclusion, the tensile strength and limit strain of BF/EP composite material have some 
relation with decreased with the orientation and volume mixing rate of fiber. In order to have 
further analysis of the influence of the orientation and volume mixing rate of fiber on tensile 
properties of BF/EP composite material, enhancement coefficients β is introduced, which is 

f

m

I
I

β =                                                                       (1) 

In it, If is the tensile property indicator of BF/EP composite material, such as its tensile 
strengthσf、elastic modulus Ef, and limit strainεf；Im is the tensile property indicator of 
matrix, such as its tensile strengthσm, elastic modulus Em and limit strainεm；therefore, it 
can be got from fig.1 the enhancement coefficient of tensile strengthβt , the enhancement 
coefficient of elastic modulusβe, the enhancement coefficient of limit strainβs in different 
orientation and volume mixing rate of fiber . Fig. 3a, b, c are showing quadric surface fitting 
of βs, βe, βt changing with fiber volume ratio i and orientation angleθ, whose fitting 



surface function are  
2 21.274 0.3661 0.008179 0.4552 0.00007442 0.00004652s i i iθ θβ θ− − + − +=                    (2) 

2 21.469 0.05436 0.008847 0.2491 0.01271 0.000182e i i iθ θβ θ+ − + − +=                         (3) 

2 20.3937 1.301 0.003205 0.08973 0.008662 0.00006437t i i iθ θ θβ + + − − −=                (4) 

Correlation coefficients of formula (2), (3) and (4) are 0.9677, 0.9783 and 0.9791. It can be 
known that surfaces of fig. 3a, b and c have objective laws representing βs、βe、β t 

changing with i、θ. It can be known from fig. 3a, b, and c that a certain addition of basalt 
fiber can have a significant improvement on the tensile strength, elastic modulus and limit 
strain of epoxy resin composite material ; With increasing fiber orientation angle, the tensile 
strength, elastic modulus and limit strain of BF/EP composite material decreased with the 
addition of a certain amount of fiber. However, with increasing fiber volume fraction, the 
tensile strength, elastic modulus and limit strain of BF/EP composite material increased for 
certain fiber orientation angle. 

 

          

 

Fig.3 The fitting surface of fiber reinforcement coefficient with fiber orientation angle and fiber addition rate 

Analysis of BF/EP composite material Tensile Failure Mode  

To analyze the tensile failure mode of samples and to observe the facture surface of samples 
through SEM technology, it can be found that there is a certain degree of agglomeration 
phenomenon in epoxy resin when mixed with basalt fiber with more than 1.2% of volume 
fraction. Fig. 4 gives e-sports scan results of BF/EP composite material sample fracture 



surface. Fig. 4a and 4b show agglomeration phenomenon of fiber in fracture surface when 
fiber volume mixing rates are 1.2% and 1.5%. It is because fiber and matrix enjoy different 
mixing technology, and it makes fiber hard to distribute evenly in epoxy resin and only to 
presenting in group or bundle [18]. 

 

 

Fig.4 e-sports scan results of BF/EP composite material sample fracture surface  

This kind of fiber agglomeration can be called “fiber-group effect”. It can be known that 
because of fiber-group effect, firstly, in and between fibers, there is only small gap, which 
makes it hard for matrix to enter fiber agglomerates and there is crevice in and between fiber 
agglomerates, seeing fig. 4c. Fibers in fiber agglomerates losing bound with matrix, most of 
its failure mode presents as the fiber pulling-out, while peripheral fiber of fiber agglomerates 
bounding well with matrix, most of its failure mode presents as the fiber pulling-off, seeing 
fig.4. According to Tsai Theory [19,20], matrix cracks for its tensile strength under tense force 
and all its load is transferred to fiber to its pull-off. Fiber approaches its yield strength and 
destroys with matrix, and the compounding strength of fiber and matrix is greater than its 
tensile strength among which fiber plays an enhanced role in matrix. However, matrix is 
destroyed before the pull-out fiber getting to its yield limitation, and the bonding strength of 
fiber and matrix is smaller than its tensile strength among which fiber doesn’t play an 
enhanced role in matrix. Similarly, crevice in fiber group leads to matrix cracking in advance 
to some degree and the tensile strength of composite decreasing, seeing fig.4e. Compared 
with sample fracture surface of fiber group, the fracture surface of samples is rough and has 
big bumps when fiber has even distribution, see fig.4f. It is because when fiber distributes 
evenly, it bonds well with matrix, distracting stresses concentration phenomenon within 
matrix and changing the stress path of matrix cracking, thus leading to the greater roughness 
of fracture surface. Researches show that tensile strength of solid material has some relation 
with its 3-dimension roughness of its fracture surface[21、22]. In conclusion, fiber-group 
effect has reduced the utilization of fiber to some degree and the improvement effect of fiber 
to matrix tensile strength. So in the design and engineering application of BF/EP composite 
material, attempts should be made to decrease and avoid fiber-group phenomenon. 

Conclusion 

The thesis analyzes different fiber orientation and BF/EP composite material tensile strength 
experiments and researches as well as failure mode of different fiber volume mixing rate, it 
can be concluded:  



(1) With a certain amount of basalt fiber, the tensile strength, elastic modulus and limit strain 
of epoxy resin composite material have significant improvement effect. With increasing fiber 
orientation angle, the tensile strength, elastic modulus and limit strain of BF/EP composite 
material decreased with the addition of a certain amount of fiber. However, with increasing 
fiber volume fraction, the tensile strength, elastic modulus and limit strain of BF/EP 
composite material increased for certain fiber orientation angle. 
(2) The internal fiber of the group cannot bond completely with the matrix for “fiber group-
effect”, and the tensile failure modes of BF/EP composite material are fiber pull-out and fiber 
pull-off. When the pulled-off fiber researched its yield limit, the BF/EP composite material 
failed. These situations are more associated with peripheral fiber of the group and non-group 
fiber. However, failure of the BF/EP composite material happened even when the pulled-out 
fiber did not research its yield limit. These situations are associated with internal fiber of the 
group. 
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