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Abstract 
 

Short reinforced concrete (RC) column with spiral stirrups is an important component of civil engineering. However, the 
usability and durability of short RC columns are affected significantly by concrete cracking, poor adaptive deformability, 
low toughness and acid-base corrosion. Improving the stress performance of short RC columns is favour of normal 
application. Adding basalt fiber into concrete is an important method to improve the stress performance of short RC 
columns. Effects of basalt fiber on the axial compressive mechanical properties of short RC columns with spiral stirrups 
were explored in this study. The optimal fiber length and content were determined by a cube test of basalt fiber concrete. 
An axial compression experiment was conducted by preparing six pieces of short basalt fiber reinforced concrete (BFRC) 
columns with spiral stirrups and six pieces of short RC columns with spiral stirrups. Results showed that the ultimate 
bearing capacities of all short BFRC columns with spiral stirrups were larger (28.5% up to the most) than those of the 
short RC columns with spiral stirrups. The short BFRC columns with spiral stirrups developed cracks and fall of their 
protective layers later than the short RC columns with spiral stirrups. Basalt fiber can improve the ultimate strain of 
concrete and significantly improve the adaptive deformability of short RC columns. Research results prove that  basalt 
fiber can improve the bearing capacity and usability of the short RC column with spiral stirrups. Conclusions are valuable 
for the extensive application of basalt fiber to the civil engineering. 
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1. Introduction 
Short reinforced concrete (RC) column with spiral stirrups is 
one of the most important components of civil engineering. 
Stress performance and bearing capacity of short RC column 
are crucial to safety of the overall structure. However, the 
normal use and durability are significantly affected by poor 
flexural strength, shrinkage cracking, low toughness, low 
shock resistance of concrete and environmental corrosion. 
Therefore, increasing usability of the short RC column with 
spiral stirrups by improving properties of the concrete has 
been explored comprehensively. Adding fiber is an effective 
method. Most of existing researches have described the 
addition of steel fiber, glass fiber, synthetic fiber, basalt fiber, 
and carbon fiber into concrete structures [1], [2], [3], [4]. 
Basalt fiber is highly appreciated for the high tensile strength, 
high modulus of elasticity, strong corrosion resistance, good 
chemical stability, and environmental-friendly properties. 
Several studies have reported that adding basalt fiber in 
concrete structures according to certain proportions could 
enhance the acid-base corrosion resistance and toughness of  
the concrete structures [5], [6], [7], [8], [9]. Therefore, 
adding basalt fiber concrete in RC structures instead of plain  
concrete can improve the mechanical performance and 
durability of RC structures. Existing researches on the use of 
basalt fiber in concrete structures mainly focus on improving 
basic mechanical properties of the concrete. The associated 

applications are still in the testing stage. Only a few studies 
have investigated the compression supporting member of RC. 
To promote the application of basalt fiber in RC structures, it 
is very necessary to explore the axial compressive 
mechanical performance of short basalt fiber RC (BFRC) 
columns with spiral stirrups. In this study, the optimal length 
and content of basalt fiber were determined through an 
experimental investigation. An axial compressive test using 
six pieces of short BFRC columns with spiral stirrups was 
carried out. Subsequently, effects of basalt fiber on the 
bearing capacities of short RC columns under axial 
compression were discussed by a contrastive analysis. 
 
 
2. State of the art 
 
Basalt fiber reinforced concrete is constructed by adding 
certain proportions of chopped basalt fiber into concrete. 
Abundant researches on the mechanical performance of 
basalt fiber reinforced concrete (BFRC) have been reported. 
Ramakrishnan et al.[10] studied the slumps, workability, 
liquidity, and early cracking behavior of concrete structures 
with different contents of basalt fiber. They found that the 
concrete structure with 0.5% (volume fraction) of basalt 
fiber maintain good workability. Basalt fiber can 
significantly reduce the early shrinkage of concrete 
structures. Adding a certain amount of basalt fiber can 
reduce concrete cracks by as high as 98%. Borhan et al.[11] 
studied concrete compression strength with different 
contents of basalt fiber. They discovered that concrete 
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compression strength increases when basalt fiber content 
(volume fraction) increases from 0% to 0.3%, but decreases 
by 12% when basalt fiber content (volume fraction) further 
increases to 0.5%. Kabay studied the cracking resistance and 
wear resistance of concrete structures with different contents 
of basalt fiber, concluding that even low basalt fiber content 
can increase the intensity of toughness, crack resistance, and 
wear resistance of concrete structures[12]. Based on a quasi-
static flexural experiment, Asprone[13] pointed out that 
basalt fiber can enhance the toughness of mortar. Mortar 
with basalt fiber presents stronger toughness and higher 
sensitivity to strain rate compared to plain mortar. These 
research results have demonstrated that a reasonable content 
of basalt fiber can enhance mechanical properties of the 
concrete structure. They have laid the groundwork for 
studying effects of basalt fiber on enhancement of 
compression members of RC. The application of basalt fiber 
in RC columns has been reported by a few studies. 
AlBaijat[14] tested the influences of basalt fiber content on 
the compression failure of concrete structures, the buckling 
of steel sections, and the debonding performance of the 
steel-concrete interface section of composite steel-concrete 
columns. The results demonstrated that the structural 
behavior and strength of BFRC columns could be improved 
significantly by increasing the basalt fiber content (%). Min 
Hou[15] discussed effects of basalt fiber content on the 
physical and mechanical parameters of three recycled 
concrete structures with different recycled aggregate 
replacement ratios (0%, 50%, and 100%), and then carried 
out a contrastive analysis about mechanical properties of 
short recycled concrete axial compression columns with 
different basalt fiber contents. The results showed that basalt 
fiber is superior to common concrete in term of enhancement 
of recycled concrete structures. Furthermore, basalt fiber can 
be used to enhance the mechanical properties of recycled 
concrete structures and corresponding short columns. 

Through an experimental study on 18 pieces of square 
BFRC eccentric compression columns, Wang Xinzhong et 
al.[16] disclosed that basalt fiber can increase the large-
eccentric ultimate bearing capacity of RC structures by 41%. 
These studies have confirmed the effectiveness of basalt 
fiber in improving mechanical properties of RC structures 
and the bearing capacity and ductility of short concrete 
column. However, no comprehensive study on applications 
of basalt fiber in short RC column with spiral stirrups has 
been reported yet. Short RC column with spiral stirrups is a 
common component of structural engineering. Therefore, 
studying influences of basalt fiber on mechanical properties 
of such RC column is of great significance to promote 
engineering applications of basalt fiber. In this study, an 
axial compression test using six pieces of short RC columns 
with spiral stirrups and six pieces of short BFRC columns 
with spiral stirrups was conducted. The differences between 
short BRFC columns and short RC columns were analyzed.  

The rest of this study is organized as follows. Section 3 
introduces the methodology, including the proportion of 
concrete mix, parameters and optimal content of basalt fiber 
materials, short column design, and test program. Section 4 
is the analysis and discussion of test results, as well as the 
test characteristics and differences between BRFC columns 
and RC columns. Section 5 is conclusions. 
 
 
3. Methodology 
 
3.1 Test materials and mix proportion 
Two proportions of concrete mix were used in this 
experiment (Table1). The cement (P.O 42.5) used the 
ordinary Portland cement which has a continuous secondary 
gravel grading diameter of 5-26.5 mm and a crushing value 
of 10.5. The fineness modulus of sand was 2.85. Tap water 
without any water-reducing agent was used. 

 
Table 1. Proportions of concrete mix 

Proportions Concrete Strength  Water-binder ratio (%) Cement (kg·m-3) Water (kg·m-3) Sand (kg·m-3) Gravel (kg·m-3) 
1 C30 0.55 355 195 703 1147 
2 C40 0.49 398 195 614 1193 

 
The chopped basalt fiber produced by Zhejiang 

Hengdian Shijin Basalt Fibre Co., Ltd. was used in this 
study.  

 
Five different lengths of basalt fiber were tested to determine 
the optimal length (Fig.1). The experimental parameters are 
shown in Table 2. 

 

 
Fig. 1. Basalt fiber of different lengths 
 
Table 2. Basalt fiber parameters 

Fiber diameter (µm) Fiber length (mm ) Fiber density (kg·m-3) Tensile strength (MPa) Elasticity modulus (MPa) 
17 12 2650 3000 90 
17 18 2650 3000 90 
17 24 2650 3000 90 
17 30 2650 3000 90 
17 36 2650 3000 90 
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A total of 24 groups of specimens with 0.075% and 0.1% 
(volume fraction) basalt fiber were prepared. Each group 
consists of three specimens. The standard specimen 
maintenance is shown in Fig. 2. The cube compressive 

strengths of 24 specimens of two proportions at the 7d and 
28d were tested. The test program is illustrated in Fig. 3. The 
results are listed in Table 3 and Table 4. 

   

       
Fig. 2. BFRC specimen maintenance                                          Fig. 3. Cube compressive strength test of specimen 
 
Table 3. Cube comprehensive strength of 0.075% BFRC specimen 

Length 
(mm) 

 

7d  28d 
C30 C40 C30 C40 

ƒcc (MPa) α(%) ƒcc (MPa) α(%) ƒcc (MPa) η(%) ƒcc (MPa) η(%) 
0 26.7 80.2  31.3 75.8  33.3 0 41.3 0 
12 26.5 77.0  32.1 70.7  41.1 23.4 45.4 9.9  
18 26.9 74.3  32.3 73.7  36.2 8.7  43.8 6.1  
24 24.5 70.0  32.9 73.8  35 5.1  44．6 8.0  
30 28.4 76.3  34.0 76.7  37.2 11.7  44.3 7.3  
36 25.4 70.8  32.4 75.2  35.9 7.8  43.1 4.4  

 
Table 4. Cube comprehensive strength of 0.1% BFRC specimen 

Length 
(mm) 

7d 28d 
C30 C40 C30 C40 
ƒcc (MPa) α/% ƒcc (MPa) α (%) ƒcc (MPa) η(%) ƒcc (MPa) η(%) 

0 26.7 80.2 31.3 75.8 33.3 0 41.3 0 
12 25.4 61.8 30.3 73.0 37.4 12.3 44.5 7.7 
18 27.9 79.9 29.0 63.5 34.9 4.8 45.7 10.7 
24 24.8 69.9 30.9 70.4 35.9 7.8 43.9 6.3 
30 27.2 80.2 30.6 71.5 33.9 1.8 42.8 3.6 
36 29.6 81.5 30.9 67.9 36.3 9.0 45.5 10.2 

Note: α% is 7dƒcc/28dƒcc; η% is growth of 28dƒcc of BFRC specimen and 28dƒcc RC specimen 
.

Table 3 and Table 4 show that the cube compressive 
strength of the BFRC specimen at 28d is higher than that of 
the RC specimen. The optimal fiber length is 12 mm. 

The experiment to determine the optimal basalt fiber 
content used the first proportion of concrete mix. The 
experiment covered two different lengths of basalt fiber 

(12mm and 24 mm). The volume fractions of basalt fiber 
about the test specimens were 0.075%, 0.1%, 0.15%, 0.2%, 
0.25%, 0.3% and 0.4% respectively. A total of 52 groups of 
specimens were produced. Each group has three specimens. 
All specimens were treated via standard maintenance. Test 
results are listed in Table 5 and Table 6.  

 
Table 5. Results of cube compressive strength test on the C30 BFRC specimen 

Basalt fiber 
content (%) 

7d 28d 
 Fiber length=12 mm Fiber length=24 mm Fiber length=12 mm Fiber length=24 mm 
ƒcc (MPa) α(%) ƒcc (MPa) α(%) ƒcc (MPa) η(%) ƒcc (MPa) η(%) 

0 26.7 80.2  26.7 80.2  33.3 0 33.3 0 
0.075 26.5 61.8  24.5 70.0  41.1 23.4  35.0 5.1  
0.1 25.4 70.5  24.8 69.9  37.4 12.3 35.9 7.8 
0.15 29.4 62.5  26.2 72.6  41.7 25.2  37.4 12.3  
0.20 25.3 66.7  26.8 71.8  40.5 21.6  37.3 12.0  
0.25 25.0 75.3  25.0 68.5  37.5 12.6  36.5 9.6  
0.30 26.5 73.0  26.6 78.9  35.2 5.7  33.7 1.2  
0.40 25.9 77.0  24.6 73.7  35.5 6.6  33.4 0.3  

Note: α% is 7dƒcc/28dƒcc; η% is growth of 28dƒcc of BFRC specimen and 28dƒcc RC specimen. 
 
Table 6. Results of splitting strength and flexural strength test on the C30 BFRC specimen 

Basalt fiber 
content (%) 

Fiber length=12 mm Fiber length=24 mm 
Splitting strength at 28d Flexural strength at 28d Splitting strength at 28d Flexural strength at 28d 

ƒts (MPa) Growth rate 
(%) ƒf  (MPa) Growth rate 

(%) ƒts (MPa) Growth rate 
(%) ƒf(MPa) Growth rate 

(%) 
0 3.77 0 5.24 0 3.77 0.00 5.24 0.00 
0.075 3.91 3.71 5.44 3.81 3.95 4.77 5.54 5.73 
0.1 4.07 7.96 6.08 16.1 4.17 10.61 6.18 17.94 
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0.15 4.27 13.26 5.84 11.49 4.37 15.92 5.94 13.36 
0.20 4.15 10.08 5.53 5.56 4.25 12.73 5.63 7.44 
0.25 3.95 4.77 5.46 4.25 3.99 5.84 5.57 6.30 
0.30 3.89 3.18 5.39 2.93 3.89 3.18 5.49 4.77 
0.40 3.82 1.33 5.35 2.09 3.85 2.12 5.45 4.01 

 
It can be seen from Table 5 and Table 6 that the optimal 

basalt fiber content is 0.15%. The corresponding cube 
compressive strengths of the C30 BFRC specimens (12 mm 
and 24 mm) increase by 25.2% and 12.3%, respectively. 
Therefore, short BFRC columns were prepared by adding 
0.15% (volume fraction) 12mm long basalt fiber into 
concrete. 

 
3.2 Short column design and test program 
Two lengths (1.20 m and 0.60 m) of short column specimens 
were used in this experiment. All specimens comprise eight 
pieces of 12 mm-long longitudinal steel bars and spiral 
stirrups (diameter=6mm) at an interval of 60 mm. The 
protective layers of the reinforcing steel bars were10 mm 
thick (Fig. 4). 12 mm HRB400 twisted steel bars were used 
as the longitudinal bars, while HRB335 round steel bars 
(diameter=6mm) were used as the stirrups. According to 
GT/B288.1-2010 Tensile Test for Metal Materials: Part I-----
- Room Temperature Test, the yield strengths of the 
longitudinal bars and stirrups were tested 486 MPa and 
360.1 MPa, and their tensile strengths were tested 590 MPa 
and 570.4 MPa, respectively. The first proportion of 
concrete mix was applied for the short RC columns and 
short BFRC columns. The short BFRC columns contained 
0.15% (volume fraction) 12 mm long basalt fibers.  

 

 
 
Fig. 4. Reinforcing steel bars for short test columns 

 
The experiment using one-way repeated loading-

unloading was implemented in the Structural Engineering 
Laboratory of the School of Architecture and Construction, 
Hunan City University. Each specimen was preloaded by 20 
kN, which was kept for 3 min to observe the reliability of the 
loading system and measurement points. Unloading and 
official loading began subsequently. The official loading 
started with the gradation loading. The 1.20 m columns were 
loaded by 20 kN at each grade, and each grade of loading  
 
was maintained for 2 min until the final failure of the 
columns. At each grade, the 0.60 m columns were loaded 
by 40 kN firstly and then by 20 kN after the cracking or 
heaving of the column. Each loading grade was maintained 

for 2 min until the final failure of the columns. The loading 
site is presented in Fig. 5. 

 

 
Fig. 5. Loading site 
 
 
4. Analysis of results and discussions 
 
4.1 Experimental phenomena 
The experiment witnessed a gradual expansion and increase 
of cracks, fall of the protective layer, increased displacement, 
failure of the core concrete structure, and loading up to peak 
as time progressed. The short RC columns produced the first 
crack at 540-560 kN, whereas the short BFRC columns 
produced the first crack at 620-640 kN. The protective layers 
of the short RC columns fell at 580-620 kN, and the 
protective layers of the short BFRC columns fell at 780-820 
kN. The short BFRC columns had cracks and the fall of 
protective layer earlier than the short RC columns. The 
failure morphologies of specimens are shown in Fig. 6.  
 

 
Fig. 6. Failure morphologies of short column specimens 
 
4.2 Test results 
Test results of the short columns are shown in Table 7. The 
short BFRC columns have significantly higher (28.5% up to 
the most at 200 kN) ultimate bearing capacity than the short 
RC columns. The short BFRC columns with different 
lengths of basalt fiber have similar ultimate bearing 
capacities. Basalt fiber increases the bearing capacity of the 
short RC columns, confirming its effectiveness in improving 
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the concrete compression strength. The growth rate of the 
axial compressive strength is higher than that of the cube 
compressive strength, indicating that basalt fiber enhances 
not only concrete strength, but also the collaborative effect 
of reinforcing steel bars and fiber concrete. In the axial 
compression test, the comprehensive strength utilization of 

the reinforcing steel bars increased at the ultimate bearing 
capacity of the concrete structure before the yield failure of 
reinforcing steel bars. The addition of basalt fiber increases 
the compressive strengths of the reinforcing steel bars and 
concrete to the maximum extent. 

 
Table 7. Experimental results of short test columns under axial compression 

No. Specimen No. Basalt fiber content (%) Fiber length 
(mm) Axial length (m) Ultimate bearing capacity 

(KN) 
1 RC-L-1 0 / 1.25 700 
2 RC-L-2 0 / 1.25 680 
3 RZ-L-3 0 / 1.25 680 
4 BFRC-L-1 0.15% 12 1.25 880 
5 BFRC-L-2 0.15% 12 1.25 880 
6 BFRC-L-3 0.15% 12 1.25 860 
7 RC-D-1 0 / 0.6 680 
8 RC-D-2 0 / 0.6 700 
9 RZ-D-3 0 / 0.6 700 

10 BFRC-D-1 0.15% 12 0.6 880 
11 BFRC-D-2 0.15% 12 0.6 880 
12 BFRC-D-3 0.15% 12 0.6 900 

 
4.3 Load–displacement curve 
It can be seen from the load–displacement curves (Fig.7) 
that there’s no significant difference between the short RC 
columns and short BFRC columns in the beginning of the 
experiment. As the loading process continues, protective 
layers of the short BFRC columns fall later than those of the 
short RC columns. After the fall of protective layers and  

before the ultimate bearing capacity, the short BFRC 
columns produce a far larger displacement than the short RC 
columns, indicating basalt fiber not only enhances concrete 
strength and ductility as well as the coordinated deformation 
of reinforcing steel bars and concrete, but also increases the 
bearing capacity and adaptive deformability of short 
columns after falls of protective layers. 
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Fig. 7.  Load–vertical displacement curves 
 
4.4 Load–strain curve 
In Fig. 8, the load-strain curves of the short BFRC columns 
and short RC columns are similar in the beginning of the 
experiment. As the loading process continues, concrete of 
the short RC column begins to fall when the strain was close  
 

to ε=0.002, and the core concrete fails at ε=0.0035-0039. 
Concrete of the short BFRC column begins to fall at 
ε=0.0025-0.0028, and the core concrete breaks down at 
ε=0.005-0.006. The ultimate strain of the basalt fiber 
concrete in the short BFRC columns is slightly larger than 
that of the concrete in the short RC columns. 
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Fig. 8. Load–strain curves of core concrete in short columns 
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5. Conclusions 
 
An axial compression test using short BFRC columns with 
optimal fiber length and content is carried out in order to 
explore the effects of basalt fiber on mechanical properties 
and usability of short RC columns with spiral stirrups. The 
short BFRC columns are compared with the short RC 
columns to determine effects of basalt fiber on the axial 
compression strength of short RC columns. The following 
conclusions are drawn: 

(1) The short BFRC columns have significantly higher 
ultimate bearing capacity than the short RC columns. With 
the increase of loads in the experiment, the short BFRC 
columns develop cracks, fall of protective layers and peak 
loads later than the short RC columns, indicating that basalt 
fiber can enhance the axial compressive strength of short RC 
columns. 

(2) In the experiment, no longitudinal reinforcing steel 
bars in short columns yield, and the ultimate strain of 
concrete in the BFRC columns is far higher than that of 
concrete in the RC columns. Therefore, the short BFRC 
columns maximize the compressive strengths of reinforcing 
steel bars. 

(3) The short BFRC columns develop larger 
displacement at the ultimate bearing capacity compared to 

the short RC columns. The basalt fiber improves the 
adaptive deformability and ductility of the short RC columns 
significantly. 

The experiment on the short columns with different 
lengths shows that basalt fiber can increase the ultimate 
bearing capacity of short RC columns. Similar to the short 
RC columns, the short BFRC columns in the study show 
concrete failure instead of yield failure of the reinforcing 
steel bars. The compressive strengths of the reinforcing steel 
bars are underused. Future research will explore the optimal 
reinforcement ratio of short BFRC columns for the sake of 
engineering design and application promotion. 
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