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Abstract 

Composite column is such type which comprises of three building material i.e., Steel, Concrete and Reinforcement. As due to 

steel reinforcement, they have very high bearing capacity of load led to often use in multi-storey buildings. They have better fire 

resistance property as compared to RCC columns and also high buckling resistance. This paper highlights the detail discussion 

on behavior of composite columns by categorizing the review based on Concrete encased steel, based on CFST, based on 

software work and based on case study done on structure. The review concludes that after careful observation there are lot of 

experimental and numerical investigation done on composite columns and many researchers has already been done work on 

elements but still there is need of application of Composite column in structure as building material by the engineer. 
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1. Introduction  

Concrete-filled tubes are a dynamic sectional typology that consists of a circular or square-shaped steel tube filled with concrete 

on the inside as shown in figure below. The combined effect of a ductile material (steel) and a cohesive material (concrete) 

provides the section with very interesting mechanical properties. Since the 1970s, concrete-filled steel tubes have been used in 

industrial facilities in northern China. In workshop or industrial buildings, the column typically resists axial load and bending. 

For nearly 50 years, concrete-filled steel tubular columns have been used in China. They've been used in a variety of buildings, 

bridges, and other structures, including a number of industrial facilities (Han & Li, 2014). CFST members' high resistance, 

stiffness, and beneficial dynamic behavior met the requirements of heavily loaded industrial facilities. 

 
Fig 1 (a) CFST members used in industrial facilities (b) CFST Column in Structure  
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2. Reviews  

2.1 Review Based on Steel Encased Concrete 

(Vasugi & Elavenil, 2019) tested the various types of stainless-steel tubular sections, shapes used for stub column under axial 

loading, strength enhancement, and different modes of failure of stub column both experimentally and analytically (Chang et al., 

2013; Y. Huang et al., 2021). 

(Tokgoz, 2015) investigates the behaviors of plain and steel fiber concrete-filled stainless steel tubular columns under biaxial 

bending and axial compression. The length-to-diameter ratios of the stainless-steel tubes in the experimental study were 12, 15, 

and 20. The code followed is (Engineers, 2002).  The structural behaviors of plain and steel fiber concrete-filled stainless steel 

tubular columns were investigated using the main test parameters of concrete compressive strength, cross-section, load 

eccentricity, steel fiber material, and slenderness. The testing showed ultimate load capacities, load-deflection relation, and load-

axial strain behavior(Dabaon et al., 2009; Lam & Gardner, 2008; Liu, 2006). The plain and steel fiber concrete-filled tube 

columns were analyzed using a theoretical method based on the materials' nonlinear behaviors. The experimental results have 

revealed important information about the behaviors of plain and steel fiber concrete-filled stainless steel tubular columns.  

(Liang, 2009) presents a nonlinear analysis and performance-based design technique based on fiber element formulations for 

thin-walled concrete-filled steel tubular (CFST) beam-columns with local buckling effect. 

2.2 Review Based on Case Study  

A four-story (G+3) RC building structure in Warangal, Telangana State, India, investigated by (Oggu et al., 2020) has been 

chosen as a case study. In addition, the structure will be extended vertically by two stories above its current configuration. Visual 

inspection and nondestructive tests are used to update the structural and material inputs to the analytical model, which is then 

followed by an analytical study. 

Self-Compacting Concrete Behavior Filled steel tube (CFST) fabrication located at U.S. Federal Courthouse, Seattle, WA, USA 

is done by (Sumalatha, 2020).The ultimate load capacity of composite circular hollow steel tubes with different grades of Self 

Compacting Concrete infill is tested. Steel tubes of various lengths, thicknesses, and grades are compared. The obtained results 

were compared to those of the American Concrete Institute (ACI), Euro Code-4 (EC-4) and modelling was done using the FL 

(Fuzzy Logic) technique, which is a soft tool in Matlab-R2018b. 

Guwahati, in north-east India, is in seismic zone V and is located in the Assam gap of the Himalaya. The study also supplements 

India's earthquake-resistant building codes and guidelines for new building construction (Ghione et al., 2021; Sarmah & Das, 

2018). They were tailored and graded in accordance with (FEMA365, 2000) guidelines, which are more comprehensive when 

dealing with other building structures. The findings will be useful in developing local policy to arrange the building stock for 

appropriate remedial measures. 

The current practises of selection and scaling methods available in international codes such as ASCE 7-05, ASCE 7-10, and 

(ASCE, 2016) are presented and evaluated in this paper. A case study for a far field site in the town of Alipur in the Delhi region 

is presented. This paper shows how to scale ground motion using spectral acceleration as the intensity measure and amplitude 

scaling and spectral matching methods on a two-story three-dimensional RCC frame structure (Mulchandani et al., 2018). 

 

2.3 Review Based on Concrete Encased Steel  

The study conducted by aims to evaluate experimentally the current methods and codes for determining load behavior of 

concrete encased steel short columns. The current state of composite column design provisions from Egyptian codes ECP203-

2007 and ECP-SC-LRFD-2012, as well as the American Institute of Steel Construction, AISC-LRFD-2010, American Concrete 

Institute, ACI-318-2008, and British Standard BS-5400-5, was reviewed (Soliman et al., 2013). It provides high strength and 

ductility for the steel section, as well as simplified beam-to-column connections. In codes of practice, various methods for 

designing composite columns are available. 

Table 1 Properties of Material for Different Design Codes 

Code Compressive Strength Equivalent Stiffness Steel Yield Strength 

BS 5400 Part 5-2002 0.67 fcu Ec = 670 fcu Grade 430 – 500 N/mm2 

ACI-318-08 0.85 fc
’ Ec = 4700 √ fc

’ Fy < 350 N/mm2 

ECP-203-2007 0.67 fcu Ec = 4400 √ fcu Fy ≤ 350 N/mm2 

Note: fcu = Strength of Cube concrete after 28 days curing, fc
’ = Strength of Cylindrical Concrete after 28 days curing 

The purpose of this paper is to present a unified approach for evaluating the axial force and moment interaction strength curves 

of Concrete Encased Steel (CES) composite columns made of various steel and concrete grades. A database was created by 

collecting test results of CES composite columns from the literature that ranged from 20 to 104 MPa in concrete compressive 

strength and 280 - 913 MPa in steel yield strength. The effect of different design parameters on the accuracy of the current 

design method EN 1994-1-1 in predicting the ultimate strength of CES composite columns was then investigated in a sensitivity 

http://www.jetir.org/
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study (Lai et al., 2019). These design parameters include material characteristic strength, steel contribution ratio, concrete cover 

thickness ratio, longitudinal reinforcement ratio, and transverse reinforcement volumetric ratio. The analytical study was carried 

out using a self-compiled computer Programme based on the materials strain compatibility principle. The analytical study was 

carried out using a self-compiled computer Programme based on the materials strain compatibility principle. The comparison of 

analytical and test results confirms the proposed method's validity in predicting cross-sectional axial-moment interaction curves 

for CES columns for a wide range of steel and concrete grades. 

In 2000, (Lin & Tsai, 2003) conducted research on 18 double skinned CFST specimens, measuring the diameter to thickness 

ratio and the hollowness ratio for an effective length of 1100 mm. The results show that steel tube can improve concrete 

confinement and concrete infill can delay the occurrence of local buckling of steel tube. 

(Uy, 2001) conducted research on the local and post-local buckling of hollow CFST box sections using M 20 grade concrete 

with a width to thickness ratio. The yield slenderness limits specified in international design codes were considerably enhanced 

in the hollow section tests. 

The effects of cross section shapes, width to thickness ratios, and stiffening arrangements on the ultimate strength, stiffness, and 

ductility of CFT columns were studied by (C.-S. Huang et al., 2002). The author experimented with width-to-thickness ratios 

ranging from 40 to 150. Five specimens were tested with a width to thickness ratio or diameter to thickness ratio of 40, 8 

specimens with a ratio of 70, 4 specimens with a ratio of 150, 3 specimens with a circular cross section, and 14 specimens with a 

square cross section. 

Later, in 2004, (Elchalakani et al., 2004) conducted research on normal concrete specimens. The research focused on the cyclic 

inelastic flexural behavior of CFT beams made of cold formed circular hollow sections. The demand for deformation ductility 

was determined in order to drive new ductile section slenderness limits suitable for seismic design. 

(Kuranovas & Kvedaras, 2007) conducted various numbers of concrete core layers in 2006 to study the behaviour of composite 

steel concrete elements at various loading stages. The results show that multi-layered elements withstand higher loads but have 

better properties such as modulus of elasticity, density, and so on. 

(Yu et al., 2007) studied the behaviour of stub columns in confinement by testing 17 specimens made of normal concrete and 

self-compacting concrete in 2007. The use of high strength concrete increased ultimate capacity, and residual capacity after 

failure was almost constant. 

(Mohanraj et al., 2011) investigated the behavior of axially loaded hollow steel columns with concrete infill in 2008 for an L/r 

ratio of 28.5. Concrete contains fibers, rubber, granite, and debris. The strength, stiffness, ductility, and failure mode of concrete 

were investigated, and it was discovered that the use of other aggregates influenced the strength of concrete. Eight concentrically 

placed double skinned concrete filled steel tubular (DSCFT) beam columns filled with SCC were tested. Specimen testing 

looked into the behavior of load deflection, the confinement effect, and the strength of the columns. Load deflection curves were 

used to display the experimental results. Several crucial aspects were discussed, including strength, stiffness, ductility, and 

failure mode. The predicted load versus deformation relationships did agree well with the results of beam-column tests. 

(Goode et al., 2010) conducted research on the buckling of slender concrete composite steel columns in 2009. The experimental 

results were compared to the predicted results of load-bearing capacity calculations of slender components using Eurocode 

methods. Circular and rectangular hollow section stubs and long concrete columns, with or without applied moments at the ends 

of the specimen. During the results of the load carrying capacity tests for circular structures. 

This paper examines the evolution of the concrete-filled steel tubular structure family to date and proposes a research framework 

for CFST members. The most recent developments in CFST structural member research, particularly in China, are summarized 

and discussed. Current design approaches from various countries are briefly examined. Some projects in China that make use of 

CFST members are also discussed. Finally, some closing remarks for CFST members are made (Han et al., 2014). 

 
Fig. 2 Inclined, Tapered and Curved Column Filled Steel Tube Column (Source: (Han et al., 2014)) 
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2.4 Based on Software Analysis such as ANSYS, ABAQUS, ETABS, SAP2000 

The behavior of concrete-filled steel tubes and concrete-encased steel is discussed in this paper. The composite structure under 

consideration was simulated with a tridimensional numerical model based on the finite element method using the ANSYS 

software (Taufik & Tjahjono, 2019). The results of the composite column study shows that the column enhancement or 

reduction capacity, has a significant influence on column strength including the mechanical properties. 

The section presents the results of experimental investigations on thin-walled carbon fiber composite beams(Debski et al., 2014). 

Experimental studies were performed to validate the results of numerical calculations performed with two different software 

packages based on the finite element method. During the experimental tests, the resulting axial force, longitudinal shortening, 

and lateral displacement were evaluated. Besides that, strain gauges were used to measure strain at specified locations. The 

experimental critical loads using the different method were determined. The experimental results were compared with these 

obtained from finite element method (ANSYS and ABAQUS) and analytical–numerical method. 

The purpose of this research is to evaluate a concrete-encased built-up column constructed by attaching cold-formed steel angle 

sections with battens encased in normal weight and lightweight concrete with and without the inclusion of basalt fiber (Divyah et 

al., 2020). Eight batten-supported columns were simulated, and they were encased in four different types of concrete and 

subjected to axial cyclic loading. The experimental results as shown in figure below were correlated with the FEA numerical 

investigation. The findings revealed that the type of concrete used has a significant impact on the behavior of columns. The 

lower shear capacity of the battens resulted in higher ultimate strength and ductility for all specimens. 

 
   (a)                                                           (b) 

Fig. 1 (a) Battened steel built-up column (b) Strain Behavior of Columns obtained from ANSYS 

The current study aims to use numerical methods to determine the structural response of full scaled rectangular columns under 

both vertical and lateral loads. The composite columns in the study are numerically modelled using ANSYS software, with full 

concrete filled circular steel tube (FCFRST) and concrete filled double-skin rectangular steel tube (CFDSRST) section types. It 

is proved that nonlinear models yield more accurate results than linear models. It is also mentioned that composite columns 

provide better safety and ductility than reinforced concrete columns (Sevim, 2017). 

 

The failure behavior of an encased composite steel-concrete element is modelled using 3D ANSYS FE in this paper. What 

happens on a single composite column with a wide flange and a hollow section of steel confinement measures the efficiency of 

axial load, deformation, stress, strain, fracture patterns, and ductility. According to the results, the composite column can be 

evaluated using ANSYS software with a modified model. The stress-strain distribution pattern spreads throughout the column 

area during yielding, but when it reaches its peak distribution, it is concentrated in the pedestal area. The first crack occurs 

primarily in the support area and is generally found in the concrete blanket layer; by the time it reaches the ultimate crack 

condition, it has evenly spread across the column area (Tjitradi et al., 2017). 

 

Conclusion  

According to the literature, the majority of CFST research is experimental. There is still a need for numerical research to 

determine the parameters that influence ultimate strength. Furthermore, because the effect of cross section plays a significant 

role in improving strength, extensive research must be conducted based on the loading and different regions. Furthermore, 

because the Bureau of Indian Standard Code has not provided any specifications for Composite concrete filled steel columns, 

more research in that field is required to incorporate codal provisions. 
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