
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     Volume 10, Special Issue 3, December 2021 
 
 
 
 
 

Impact Factor: 7.569 



International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET) 

                                      || e-ISSN: 2319-8753, p-ISSN: 2320-6710| www.ijirset.com | Impact Factor: 7.569|   || Volume 10, Special Issue 3, December 2021 ||  

                  National Conference on Emerging Technologies [NCET’ 2021] 

 Organized by 

  Royal College of Engineering and Technology, Thrissur, Kerala, India 

IJIRSET © 2020                                                        |     An ISO 9001:2008 Certified Journal   |                                                   99 

 

Numerical Study on the Strength Performance 

of Rectangular RC Columns with Multi spiral 

BFRP Confinement 
 

Shamily Monikka K J
1
  

Assistant Professor, Department of Civil Engineering, Royal College of Engineering and Technology, Thrissur,  

Kerala, India 

 

ABSTRACT: The strength and ductility of reinforced columns can be improved by using effective confinement. 

Previous researches on rectangular columns with multi spiral interlocking has shown that the structural behavior of 

column can be enhanced by using spiral confinement. Steel is one of the best reinforcing materials. But it has many 

pros and cons. Fiber Reinforced Polymer (FRP) have over the previous years turned into a best decision as a 
reinforcement for concrete. This paper focused on an alternative approach for replacing steel confinement in 

rectangular column with Basalt Fiber Reinforced polymer (BFRP) in compression through the finite element analysis 

(FEA) method using ANSYS Software. BFRP has been known for several years in Structural engineering. To utilize its 

high tensile strength, high strength-weight ratio, no corrosion and light in weight characteristics, replacing steel in 

rectangular multi spiral columns with BFRP spiral confinement. 

The analysis shows that replacing steel by BFRP in multi spiral configured columns exhibited better strength and 

energy capacities as compared with existing one. Finite Element analysis was also carried out for rectangular columns 

with multi spiral steel confinement to get a better understanding about the study. 
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I. INTRODUCTION  

 

A Concrete is the world's most utilized man-made construction material today. It is generally modest and simple to 

frame when cast in India. The most well-known building material for Reinforced Concrete (RC) utilized until now is 

steel. Utilizing steel as a reinforcing material provides various benefits; it is strong in tension and has a high modulus of 

elasticity. The thermal expansion is like cement and it functions admirably with concrete under loading. 

. 

Conventional columns generally consist of cross ties and hoops. According to the recent studies Yin spiral were 

introduced which is much more efficient than the conventional confinement. The circular cages cannot be installed in 

rectangular columns, because it creates an uneconomical design and also creates weak points in compression member. 

So, these kinds of practices cannot be adopted. We also know that utilization of circular cages can improve the strength 

capacity as well as the ductility of the structural member. So, the initiation of rectangular columns with multi spiral 
interlocking confinement can improve the overall structural behavior. Steel is one of the oldest construction materials 

which has a great influence in the construction field. Steel has its own advantages and the same time it has several 

disadvantages too. So, replacement of steel with composites materials, is one of the emerging researching ideas, which 

have a positive impact on the construction field. The Fiber Reinforced Polymer, have high strength capacities, light 

weight and cost effective than the traditional steel. GFRP and CFRP are few of the FRP’s. 

Basalt Fiber Reinforced Polymer is one of the environmentally friendly FRP as compared with the others. It can be 

produced from melted basalt rock in a natural way. It has high tensile strength, light weight, high flexibility and low cost 

as compared with steel. Many studies have been going on with the BFRP in structural engineering field. 

Jongsung Sim, Cheolwoo Park, Do Young Moon have studied the applicability of BFRP as strengthening material. 

The experimental analysis shown that the BFRP can improve the strength by 27% according to the number of layers 

included. Thilan Ovitigala conducted investigation to find out the bond strength and shear strength of BFRP as structural 

material. Tehmina Ayub, Nasir Shafiq, M. Fadhil Nuruddin studied the economical application of BFRP as aconstruction 

material. 
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In this study ANSYS finite element models were used to stimulate the compressive behavior of different column 
configurations with BFRP confinement. The analysis of columns with complicated configurations is not easy to carry out. So, 

the research 
presents a comparison study between the conventional column configuration with multi-spiral configurations using ANSYS 

software. Due to the better performance of five spiral configurations, replacement of steel 
confinement study was carried out on it to understand the application of such configurations in real life. 

 

II. FINITE ELEMET ANALYSIS 

The FEA method is much easier to analysis the complicated structures. Here the analysis of multi spiral columns is done 

using the FEA method. 

 

A. Element Type 

  SOLID186 Element was used to model the concrete. It is a higher order 3-D, 20-node solid element that exhibits quadratic 

displacement behavior. The element is defined by 20 nodes having three degrees of freedom per node: translations in the 
nodal x, y, and z directions. The element supports plasticity, hyper elasticity, creep, stress stiffening, large deflection, and 

large strain capabilities. It also has mixed formulation capability for simulating deformations of nearly incompressible 
elastoplastic materials, and fully incompressible hyper elastic materials. 

BEAM188 Element was used for steel section modeling. The element is a linear, quadratic, or cubic two-node beam element 
in 3-D. BEAM188 has six or seven degrees of freedom at each node. These include translations in the x, y, and z directions 

and rotations about the x, y, and z directions. A seventh degree of freedom (warping magnitude) is optional. This element is 
well-suited for linear, large rotation, and/or large strain nonlinear applications. 

 
B. Material Properties 

   The finite-element study in this paper was conducted within the elastic range, only essential material properties were used. 
For both the longitudinal and transverse reinforcing steels, a Young’s modulus, Es of 200GPa and a Poisson’s ratio, μs of 0.3 

were used for modeling. Also yield stress of steel was taken as 314MPa. The Poisson’s ratio of concrete, μc of 0.2 was used in 
this study. The modulus of elasticity of concrete, Ec can be determined according to the formula suggested by IS 456:2000, as 

follows, 

                      Ec=5000√fck

The material properties of BFRP, Young’s modulus, Es of 39GPa and a Poisson’s ratio of 0.3 were used for modeling. The 
density and Yield strength were taken as 2.67 g/cm³ and 1051.79 MPa respectively. 

 

C. Finite Element Modelling 
The ANSYS software is used to perform the analysis and to predict the axial compression behaviors of the columns 

incorporated with multi-spiral configurations. Due to the symmetry of the modeled structure, half of the column height was 
considered for the modeling, which will reduce calculation effort. Mesh convergence determination was also done. 

Boundaries were kept as effectively held in position at both ends, restrained against rotation at one end. Steel reinforcement 
modeling was done by adopting the discrete method 

III. NUMERICAL RESULTS 

  The Fig.1 shows the four configurations used to study which includes a traditional stirrup design (C), the combination of two 

spirals (2S), the combination of four spirals (4S) and the combination of five spirals (5S).At the first the study was carried out 
for the steel confinement. After that the replacement study was done. The vertical spacing of the confinement varies from 50 

to 100 mm. Ten models of each configuration with different geometrical characteristics were studied and the comparison 
analysis were carried out. 

 

                       
 

Fig.1.a C Configuration                            Fig.1.b 2S Configuration 
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Fig.1.c 4S Configuration                           Fig.1.d 5S Configuration 

 

Fig.1 Different Confinement Configuration modelled in ANSYS Software 

 

The size of all rectangular columns was chosen as 600*600*3000 mm while the oblong column as 610*915*3000 mm. 

Yield strength of longitudinal bars were given the same as the transversal bar. They were taken as 16-25 mm Ø. The 

four spiral configuration consists of four spiral interlocking with each other having a spiral diameter as 360 mm. The 

five spiral configuration has one large spiral with a spiral diameter of 420 mm which is interlocked by four small 

spirals with 210 mm spiral diameter at the corner of the large spiral perimeter. The two spiral configurations consist of 

two circular cages interlocking with each other having a spiral diameter of 540 mm. Fig.2 shows the comparison of 

stress Vs strain relationship of the four configurations with steel and BFRP confinement. This figure shows the axial 

compression behavior of rectangular columns can be improved by using BFRP multi-spiral interlocking configurations. 
Also, oblong two spiral configuration is considered for the study to conform spiral configurations efficiency as 

compared with the rectangular columns. 

 

 
 

Fig.2 Comparison of configurations with BFRP confinement 

IV. CONCLUSION 

 

The numerical analysis of rectangular columns with multi spiral steel and BFRP confinement was studied. The study 

confirms that replacing steel by BFRP can enhance the structural behavior of rectangular columns with multi spiral 

confinement.  It can be concluded that the multi spiral columns perform better than traditional columns. The stress 

strain relationship obtained from the analysis clearly states that the axial load carrying capacity of columns 

incorporated with multi spiral configuration can be increased by 25% than the traditional columns. Also, the transversal 

steel required for the construction can be reduced by 30% by replacing the traditional columns with multi spiral 

columns.  So, by replacing the steel confinement material by BFRP can further increase the strength by twice of the 
strength. The bond characteristics between BFERP and concrete is more than between steel and concrete. During 

numerical analysis using ANSYS Software, it was also observed that with an increase of compressive strength, the 

carrying capacity of the column increased significantly in comparison to strength of column reinforced with steel bars. 

The current analyses suggest that the BFRP reinforcement can be considered as a promising alternative to steel bars. 
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