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Abstract - The core component of the concrete-filled steel
tube (CEST) is replaced with a stone prism in this new type of
CEST. This stone prism can be made either from newly mined
and manufactured stone or from stone buildings that have
been destroyed. Due to the high compressive strength of the
stone and the efficient confinement offered by the steel tube,
these columns should be able to support more weight than
typical CFST columns. The high strength of the stone offers
additional confinement from the inside of the concrete,
therefore it is envisaged that the infilled stone prism will
improve the local bearing behaviour of CFST. Using ANSYS
software, the structural performance of the composite columns
encased in stone prisms under axial compression was
investigated.
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1. INTRODUCTION

A vertical structural component intended to convey a
compressive load is known as a column. The foundation
receives the load from the beam and slab supporting the
ceiling or roof, including its weight, through a column. As a
result, it should be clear that if one column fails, the entire
structure will crumble. Stub columns are referred to as
columns that are not immediately attached to the footing. To
transfer the load from the primary beam, it is built over a
beam or a slab. Stub columns have a relatively small height.
Figure 1 displays a stub column. Additionally, it is offered if
theroomislonger. To increase the rigidity of buildings, stub
columns are also available. It aids in the transmission of load
from one beam to another. Stub columns are utilised in this
project. In order to take advantage of each material's
advantageous qualities, composite columns are constructed
using a variety of structural steel and concrete mixtures. The
composite column is a rigid, economical, and hence
structurally effective part in the construction of buildings
and bridges due to the behaviour of concrete and steel
elements. One kind of popular composite column is the CFST
column. Concrete-Filled Double Skin Tubes (CFDST),
Reinforced Concrete Filled Double Skin Tubes, Composite
Column System, Concrete-Encased CFST column, and
Stiffened CFST column are some of the different varieties of
CFST columns. Compared to regular steel or reinforced
concrete, a concrete-filled steel tube (CFST) column
structure has various benefits.

Fig.1 Stub Column

It was proposed that confining stone inside steel tubes
would increase its ductility. Therefore, a new type of CFST
member is suggested here, known as Stone Prism Encased
Composite Columns, which swaps out the core section of the
infilled concrete with a stone prism. A Stone Prism Encased
Composite Column is examined in this thesis. Additionally, a
composite column encased in a stone prism of a different
shape is also studied. ANSYS 21 is a finite element
programme used for modelling and analysis.

1.1 Stone Prism Encased Composite Column

Here a steel tube filled with stone prism and concrete is
analyzed shown in Fig.2. The steel tube is of circular shape
and different shape of stone prism such as circular, square,
triangular, hexagon, rectangular and octagon are used here.
Material used for the stone prism is granite. This stone prism
can be either newly mined and fabricated or used from
demolished stone structures. While considering the high
compressive strength of stone blocks and the effective
confinement offered by the steel tube, better load-carrying
capacity could be expected in the stone prism encased
concrete-filled steel tubular members than conventional
CFST members.
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Fig.2 Stone Prism Encased Composite Column

The infilled stone prism is expected to improve the local
bearing behavior of CFST, since the high-strength stone
provides extra confinement from the inside of the concrete.
The proposed system can also decrease negative
environmental impacts by reducing concrete production and
providing a reuse mechanism for demolished stone blocks.

1.2 Objective

To investigate the effect of circular steel tube filled with
concrete and different shapes of stone prism like circular,
square, triangular, pentagonal, hexagonal, rectangular and
octagonal under axial loading.

2. ANALYSIS OF CIRCULAR STEEL TUBE FILLED
WITH CONCRETE AND DIFFERENT SHAPES OF
STONE PRISM

It deals with the dimensional details, modelling details and
analysis and results of circular steel tubes filled with concrete
and different shapes of stone prism like circular, square,
triangular, pentagonal, hexagonal, octagonal and rectangular
in ANSYS software.

2.1 Geometric Modelling

In order to determine the effective shape for the stone
prism, six shapes of stone prism were selected for the
analysis. The seven different shapes chosen for the
comparison are circular, square, triangle, pentagon, hexagon,
octagon and rectangular. The end supporting condition was
provided as bottom end fixed and the load was applied on the
other end. The dimensional details of circular steel tubes
filled with concrete and different shaped stone prism are
given in Table 1 and Table 2.

Table -1: Dimensional details of circular steel tube

Total length of steel tube 600 mm
Outer diameter of steel tube 219 mm
Wall thickness of steel tube 8 mm

Table -2: Dimensional details of stone prisms

Circular Diameter = 84.7 mm
Height = 600 mm
Square Width = 75 mm
Height = 600 mm
Triangular Width = 114 mm
Height = 600 mm
Pentagon Width = 57.2 mm
Height = 600 mm
Hexagon Width = 46.5 mm
Height = 600 mm
Octagon Width = 34.15 mm
Height = 600 mm
Rectangle Width =113 mm
Height = 600mm

2.3 Modelling

Modelling of circular steel tubes filled with concrete and
square shaped stone prism is done by using element type
SOLID186.Coefficient of friction 0.3 is given between steel
tube and concrete to avoid the slip. Modelling of circular
steel tube filled with concrete and square shaped stone
prism is shown in Fig.3.

(@) (b)

(©) (d)
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Fig-2.1: Solid model of circular steel tube filled with
concrete and different shapes of stone prism (a) Circular
stone prism (b) Square stone prism (c) Triangular stone

prism (d) Pentagonal stone prism (e) Hexagonal stone
prism (f) Octagonal stone prism (g) Rectangular stone
prism

2.4 Meshing and Loading

Here the element type used is SOLID186.Element shape is
of hexahedron. Element size provided for steel tube is 10mm
and a size of 30mm for concrete and stone prism. Loading is
done based on displacement convergence criteria with a
value of 8mm and the corresponding ultimate value is noted.

2.5 Analysis

Non-linear static analysis is carried out in circular steel
tube filled with concrete and different shapes of stone prism
to find the maximum ultimate load corresponding to the
deformation. The deformation of circular steel tube filled
with concrete and different shapes of stone prism are shown
in Fig. 4.

(d)

4]

(9)

Fig-2.2: Deformation of circular steel tube filled with
concrete and different shapes of stone prism (a) Circular
stone prism (b) Square stone prism (c) Triangular stone

prism (d) Pentagonal stone prism (e) Hexagonal stone
prism (f) Octagonal stone prism (g) Rectangular stone
prism

2.6 Results and Discussions
The load- deflection graph of Deformation of circular
steel tube filled with concrete and different shapes of stone

prism is shown in Fig.5.

Table -3: Comparison of results

M Shapes of Stone prism | Deflection(mm) Load(kN)
k: Square 3.2061 5464.2
- Circular 32314 5561.6
Triangular 3.2082 5470.7
. A pe Pentagon 3.2063 5481.6
V Hexagonal 3.2057 5517.1
(a) (b) Octagonal 3.2049 5507.9
Rectangular 3.2158 5429.7
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LOAD VS DEFLECTION
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Chart -1: Comparison of load deflection graph

Here circular shaped stone prism has better ultimate load
carrying capacity than the others. The percentage increase in
load carrying capacity of circular shaped stone prism carries
1.782% more load than others.

3. CONCLUSIONS

This study examines the structural behaviour of a composite
column encased in a Stone prism. Analysis of stone prisms is
done to determine the best shape. The findings are as
follows:

e Stone prisms with a round shape have a higher
maximum load carrying capability than the others.
The stone prism with a round shape has a 1.782
percent greater load carrying capability than the
competition.

o  There is symmetry in the circular column. While a
rectangle only has two axes of symmetry and a
square has four, respectively. In order to prevent
buckling failure, the moment of inertia will be the
same along all axes.

e  The circular column has no weak places because it
is shaped like a cylinder, unlike the rectangular or
square column, which has four.

e Thecircular column is strong in compression when
compared to the square column in the same cross-
sectional area.
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