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Abstract

The decades have seen outstanding advances in the use of composite steel-concrete structural systems in the construction of tall
buildings. Concrete-steel composite structure is defined as a construction in which both steel and concrete materials are
combined to maximize the structural and economic advantages of each material. Composite column enhances the rigidity of the
structure and provide significant axial load carrying capacity. Composite columns are generally classified as concrete filled steel
tubular columns and encased columns. Encased columns are also known as Steel Reinforced concrete columns. Tubed steel
reinforced concrete column is special type of composite column which have reinforcing bars in the form of steel tube on the
perimeter and steel shape at core of the column. When concrete filled steel tube is used, the strength of concrete is increased due
to the confining effect provided by the steel tube, and the strength reduction is not very severe, since the tube prevents the
spalling of concrete. The purpose of the current research is the compare the tubed steel reinforced concrete column with steel
reinforced concrete columns and conventional columns based on axial load carrying capacity by using finite element analysis
software ANSYS17. And also conducted parametric study by varying steel shape, length of column and thickness of steel tube.
ISMB150, ISMB125,ISMB100 are used for steel shape. The results show that when the thickness of column is increased by one
mm, 8.043 % reduction developed in deformation of columns under constant load. When length of the column is increased by
200 mm, deformation is also increased.

Keywords: Composite Column, Steel Tube, Encased Columns, Steel Tube, Steel Reinforced Concrete Column, Strength,
Axial Load, Confining Effect

I. INTRODUCTION

Concrete structural element is generally thick enough and less prone to buckle; but they are subjected to creep and shrinkage
with respect to time. Steel structural members are generally fabricated with components such as thin plate and shell elements. So
on loading; they are subjected to local and lateral buckling. Therefore, it is necessary to check the failure due to buckling and
instability.

Hence, a novel technique called steel-concrete composite construction which binds up the dynamic properties of both the
materials. The most important and most frequently encountered combination of construction materials are steel and concrete,
with applications in multi-storey commercial buildings, factories, and bridges. These materials can also be used in mixed
structural systems. For example, concrete cores encircled by steel tubes, as well as in composite structure where members
consisting of steel and concrete act together compositely. These different materials are completely complementary to each other.
They have almost the same thermal expansion and ideal combination of strengths. Concrete are efficient for compression and the
steel for tension. Concrete provides protection against corrosion and thermal insulation to the steel at elevated temperatures and
additionally can restrain slender steel sections from local or lateral buckling. The past few decades have seen outstanding
advances in the use of composite steel-concrete structural system in the construction of high rise buildings. Concrete-steel
composite structures defined as a construction in which both steel and concrete materials are combined to maximize the
structural and economic advantages of each material.

In the case of ordinary reinforced concrete columns, concrete is confined by transverse reinforcement. However, ordinary
reinforced bar does not confine the concrete cover, it will spall off during an earthquake. Transverse ties do not prevent
effectively the longitudinal bars from local bulking after the concrete cover spall off. Composite columns enhance the rigidity of
the structure and gives significant shear resistance to strong earthquake and lateral loads. Main advantages of the steel members
were ductility and high tensile strength. Compressive strength and stiffness to assist the service loads are the main advantages of
the concrete.

Generally concrete filled steel tubular columns and encased columns (SRC) are included in steel concrete composite columns.
Encased columns are made of standard | or H-beam sections with a rectangular or square concrete section encasement in order to
shape a solid composite section. Reinforced concrete encased steel structures are referred to as SRC structures are composite
structural systems which consisting of steel and reinforced concrete. Concrete filled steel tubular (CFST) columns have the
advantages of both steel and concrete. CFST comprise of a steel hollow section of circular, rectangular and square shape filled
with plain or reinforced concrete. There are a number of advantages related in both terms of structural performance and
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construction sequence. Steel sections with concrete infill used as structural members, since filling the steel sections with concrete
increases its strength and ductility without increasing the section size. Since steel confines the concrete, it will be act as
formwork for concrete.
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Fig. 1: Tubed SRC in a Structural Frame

A tubed steel reinforced concrete (SRC) columns are special SRC columns where reinforcement cage is in the form of an outer
thin steel tube. Thus steel tube prevents the concrete cover from spalling off. At the same time, the strength and ductility of the
concrete core is increases owing to the confinement of the steel The TSRC column consisted circular

Johansson and Kent (2002) conducted an experimental and analytical study to find out the mechanical behaviour of circular
steel—-concrete composite stub columns, Zhou and Liu (2010) investigated the seismic behaviour of tubed SRC short columns by
testing eight specimens subjected to combined constant axial compression and lateral cyclic load. Three circular tubed SRC
columns (CTSRC) and three square tubed SRC (STSRC) columns were tested in this research with two common SRC columns
for comparison, KianKarimi et.al., (2011) investigated the cross-sectional behaviour of steel columns strengthened with fiber-
reinforced polymers (FRPS).

Patidar (2013) conducted non-linear finite element analysis program ANSYS12 is used to predict the ultimate loads, and
failure modes of hollow and in-filled light gauge steel section under hinged end conditions, Gajalakshmi and Jane(2013)
conducted experiments on circular steel tube filled with steel fibre reinforced concrete and normal concrete to investigate the
contribution of steel fibres on the load carrying capacity of short composite columns, Sharad et.al.,(2013) investigated the axial
compressive capacity of concrete encased steel columns due to illustrate the effect of encasement of bare steel with concrete.

Numerical and experimental investigations of composite columns are confined by two interlocking spirals has been
investigated as in the study of Chen et.al, (2013),Alani and Agarwal (2013) conducted the Nonlinear Finite Element Study on
the circular concrete filled steel tubular columns,Bharatesh and Suresh (2014) conducted Experimental and Numerical
Investigation of Hollow Sections with and without infill under compression and flexure, Patil (2014) studied the behaviour of
concrete-filled steel tube columns under axial load by changing parameters, Ajel (2015) investigated the structural behaviour of
concrete - filled steel tube (CFST) columns under experimental and analytical. Parameters are concrete compressive strength,
thickness of steel tubes, stiffeners and longitudinal reinforcement.

The main objectives of this paper were, nonlinear behaviour SRC, RCC columns under axial load is investigated for compare
the axial load carrying capacity of TSRC columns. In second stage parametric studies conducted on TSRC column, for study the
behaviour of deformation under axial load. Length of column, thickness of tube and the dimensions of I-section are considered
for parametric study.

Il. FINITE ELEMENT ANALYSIS OF COLUMN

Finite Element model is developed to simulate the behaviour of composite columns. In order to create the models, commercial
Finite Element software ANSYS 17 is used in this study. Ultimate axial load carrying capacity of each column is determined by
using nonlinear static analysis. Following this, parametric studies of TSRC columns are carried out by varying the thickness of
tube and length of the column.

A. Model Description

The TSRC columns were only consisted of steel tube, steel shape and concrete; neither longitudinal nor transverse ties were used
in the TSRC columns. The steel shapes (ISHB150) used in the STSRC columns were 150mm high and 150 mm wide. The flange
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thickness of the steel shape was 9mm. The web thickness of steel shape was 5.4mm. 6 numbers of 16mm dia bars was used for
longitudinal bar. 8mm diameter Stirrups at suitable spacing was used. Details of reinforcement in SRC and RCC columns are
same. In order to maintain the same slenderness ratio, provide 3300 mm length for square column and 3700mm for circular. Here
slenderness ratio is 10.Cross sectional area of longitudinal reinforcement in circular and square sections are equal and 40 mm
cover is provided in each column. In TSRC column thickness of tube is 3mm and Area of steel tube is equal to area of
reinforcement.
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Fig. 2: SRC Circular column Fig. 3: TSRC Circular column

8. Element Type

Solid 65, an eight node solid element, which is used to model the concrete with or without reinforcing bars. The solid element,
which have eight nodes with three degrees of freedom at each node translations in the nodal x, y, and z directions. BEAM 188
elements was used to model reinforcing steel and steel shapes. These are long compared to their cross section. BEAM188 is
suitable for analyzing the slender to moderately stubby/thick structures. BEAM188 has seven degrees of freedom at each node.
Translations in the x, y, and z directions and rotations about the X, y, and z directions. A seventh degree of freedom is optional.
Shell 181 is used to model the steel tube. Shell181 is suitable for analyzing the thin to moderately-thick shell structures. It is a
four-node element with six degrees of freedom at each node: translations in X, y, and z directions, and rotations about the X, vy,
and z-axes.

. Material Properties

The Solid65 element requires linear isotropic and multilinear isotropic material properties to properly model of concrete. Table 1
shows the linear properties of concrete. The multilinear isotropic material uses the von Mises failure criterion along with the
Willam and Warnke model to define the failure of the concrete elements. Table 2 and 3 shows the bilinear properties of steel.
Table- 1
Linear properties of concrete
Material | Material model | Modulus of elasticity (MPa) | Poisons ratio
Concrete | Linear elastic 27386.12 2
Table - 2
Properties of steel within beam188 element
Material | Material model | Modulus of elasticity(MPa) | Poissons ratio
Steel Linear elastic 200000 0.3
Table - 3
Steel parameters beyond initial yield surface
Yield strength 250Mpa
Tangent Modulus | 200000

£, Loading and Boundary Conditions

Fig. 4: Axial load on columns
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Fixed support at bottom and displacements are provided on the top of columns. As Fig 4, the uniform compressive loading was
applied to the top surface of the column directly in static analysis. Loads are defined by sub steps.

E. Analysis

Nonlinear static analysis is carried out to study the behaviour of columns under axial loading. In a nonlinear static analysis, the
stiffness [K] is dependent on the displacement. Due to this fact an iterative solution scheme is required. In ANSYS the Newton-
Raphson method is used to solve a nonlinear problem iteratively. Failure of the model is identified where the solution fails to
converge even with small load increment

I11. PARAMETRIC STUDY

Table - 4
Details of parameters

Length of column | Thickness of steel tube
3700mm 3mm-9mm
3900mm 3mm-9mm
4100mm 3mm-9mm
4300mm 3mm-9mm
4500mm 3mm-9mm
4700mm 3mm-9mm
4900mm 3mm-9mm

By comparing the ultimate load carrying capacity of columns, results indicated that circular tubed SRC stub columns shows
higher axial load carrying capacity than common SRC columns with the same volumetric steel ratio. Therefore, the parametric
studies are conducted on circular TSRC columns by varying the thickness steel tube and length of columns. Effect of various
steel sections on load carrying capacity of TSRC circular column is also studied. Table 4 & table 5 represent details of
parameters

Table -5
Details of steel shape
Steel shape ISMB150 | ISMB125 | ISMB100
Sectional area 19cm? 16.60cm? | 14.60cm?
Depth 150mm 125mm 100mm
Flange width 80mm 75mm 75mm
Flange thickness 7.6m 7.6mm 7.2mm
Thickness of web 4.8m 4.4mm 4mm

IV. RESULTS AND DISCUSSIONS

A. Ultimate Load Carrying Capacity of Column

Failures of each column are identified where the solution fails to converge even with very low load increment. Comparison of
load carrying capacity of TSRC column with SRC column and RCC columns are represented below.

Table - 6
Ultimate load carrying capacity of columns
Types of columns Ultimate axial load(kn)
Square RCC column 2400
Circular RCC column 2530
Square SRC column 4470
Circular SRC column 4934
Square TSRC column 5793
Circular TSRC column 6350
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Fig. 6: Deformation of TSRC circular columns under axial load

Tubed SRC columns exhibited higher axial load capacity than common SRC columns with the same volumetric steel ratio. By
investigating the effect of shape of columns, load carrying capacity of circular columns is higher than square columns.

#. Deformation of columns by varying the thickness of steel tube

Effect of steel tube on load carrying capacity is studied by varying the thickness of steel tube by 1mm. To investigate the
performance of columns, deformation of column is compared under the constant load and constant length. Fig 7 shows the
deformation of column with 4mm thickness steel tube. Length of 3700 mm .
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Fig. 7: Deformation of column at 4mm thickness
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Thickness of steel tube(mm)

Table -7
Deformation for various thicknesses
Thickness of steel tube | Deformation
3mm 7.945
4mm 7.3048
5mm 6.78
6mm 6.2709
7mm 5.8796
8mm 5.5699
9mm 5.2819
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Fig. 8: Deformation vs thickness of steel tube.

. Deformation by varying the length of column

By increasing the length of column, under the constant thickness, deformations are also increases. Columns act as short columns
under the length of 3700, 3900, 4100 and 4300. Table 8 shows the deformation for various lengths of columns with 3mm

thickness steel tube.

Table - 8

Deformation for various lengths

Length of column Deformation
3700mm 7.945
3900mm 8.22
4100mm 8.58088
4300mm 8.898
4500mm 9.3606
4700mm 9.808
4900mm 10.22
length Vs deformation
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Fig. 9: Length Vs Deformation graph
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Below table and graph represent the effect of thickness and length on deformation
Table -9
Relation between parameters and deformation

length of column(mm) deformation of W.R.T thickness of tube (mm)

9 3 4 5 6 7 8 9
3700 7.945 | 7.3048 6.78 6.2709 | 5.8796 | 5.5699 | 5.2819
3900 8.22 | 7.4613 | 6.9529 | 6.5172 | 6.1246 | 5.7832 | 5.4841
4100 8.5808 | 7.8254 | 7.2847 | 6.8068 | 6.4062 | 5.9486 | 5.7364
4300 8.98 8.143 | 7.5677 | 7.0864 | 6.6648 | 6.3006 | 5.9701
4500 9.3606 | 8.5437 | 7.916 | 7.4014 | 6.9723 | 6.5912 | 6.2409
4700 9.808 | 8.9486 | 8.2838 | 7.7746 | 7.2546 | 6.8597 | 6.4889
4900 10.22 | 9.3384 | 9.3384 | 8.6702 | 7.5567 | 7.1244 | 6.7699
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Fig. 10: Relation between parameters and deformation

£, Load carrying capacity of columns with different steel sections

Load carrying capacity of columns is varied at different | sections. Slight variations are occurred on axial load by varying the
sections. It proves that area of steel shape have the role in load carrying capacity.
Table - 10
Load carrying capacity of columns with different i section

Steel Shape | Ultimate Load Carrying Capacity
ISHB150 6350KN
ISMB150 5890KN
ISMB125 5730KN
ISMB100 5690KN

V. CONCLUSIONS

1) Tubed SRC stub columns exhibit higher axial load capacity than common SRC columns with the same volumetric steel
ratio.

2) By comparing the load carrying capacity of TSRC columns based on shape, circular columns can carry 8.77% of extra load
than square column

3) Comparing the load carrying capacity of circular TSRC columns with SRC and RCC columns, it is shows that 22.29% of
load increment occurred than SRC columns and 62.20 % increment than RCC columns

4) Parametric study conducted by varying the thickness of column by one mm, deflections reduces up to 8.043%

5) Deformation of columns increased with respect to increase in length of columns. This is due to short column effect .2-4 %
increase in deformation occurred when the length of the column is increased by 200 mm.

6) Ultimate load carrying capacity is varied by changing the steel shape in the column. When ISMB 150 is used instead of
ISHB 150, load is decreased from 6350 to 5890 KN.

After all the analysis it could be concluded that TSRC circular column with 9mm thickness of steel tube and length of column
is 3700, shows better performance under the axial load.It shows that thickness of column, length of columns and Steel shape
have significant role in the load carrying capacity

All rights reserved by www.ijste.org 262



Analysis of Tubed Steel Reinforced Columns under Axial Loading
(1JSTE/ Volume 3/ Issue 02 / 041)

V1. RECOMMENDATION AND FUTURE RESEARCH

The effect of stiffeners is not considered in this project. So further studies can be conducted by considering the position, number,
spacing and thickness of stiffeners in TSRC columns.
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