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Abstract -

CTSRC column is the circular tubed steel reinforced
concrete columns. Steel and concrete is a good
combination because of the excellent composite
behavior. In this analysis compression and bending
performance of non-prismatic CTSRC column is studied.
Non-prismatic column means cross-section varying
along longitudinal direction. Different type tapered
conditions are used in this analysis like single side
tapered, double side tapered and partial tapered This
study also helps to understand deformation, ultimate
load, buckling behavior of straight and non- prismatic or
tapered CTSRC columns. The models with following
parameters were tested by using ANSYS workbench16.1.
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1.INTRODUCTION

The composite columns are constructed using
various combinations of concrete and structural steel.
This combination will improve properties of each
material. The behaviour of concrete and steel section
makes the composite column very stiff, cost effective &
more ductile. In conventional composite columns
construction, column cross-sections are uniform
throughout the length.

In order to meet the architectural requirements
of some spatial constructions in recent years, tapered
(non-prismatic) composite columns with cross-
sections varied along the longitudinal direction have
gain attention from researches and designers. Since
some case the become more economical solution
compared with the conventional prismatic ones. The
applications of tapered non prismatic circular tubed
steel reinforced concrete columns are station
platforms, bridges, exhibition hall etc.

The behaviour of non-prismatic CTSRC column may be
different ,when compared with prismatic CTSRC
columns. Taper ratio may affect the strength difference
in columns. Tapered circular tubed steel reinforced

concrete column is a good choice of high-rise
construction.

1.2 OBJECTIVE

To study the compression and bending
behaviour of prismatic and non-prismatic circular
tubed steel reinforced concrete columns subjected to
axial loading. The performance evaluated by using
varying parameters and short column effect. The
various parameters are slenderness ratio, taper ratio
and short column effect.

1.3 SCOPE

Scope of the work is limited to conduct
performance evaluation of straight and non-prismatic
circular tubed steel reinforced concrete columns
(CTSRC) using the parameters includes slenderness
ratio, taper ratio and axial loading to compare their
performance, using nonlinear finite elementapproach.

2.MODELING AND ANALYSIS
2.1 Geometry and material properties

Models have been made by using ANSYS
software with the properties like yield strength,
poisson’s ratio, etc of CTSRC columns and steel
sections. In total there were 10 models, 7 models of
prismatic (straight) and non- prismatic of long CTSRC
columns with two taper ratio (1.125,1.28) and 3
models of short non-prismatic CTSRC columns with
one taper ratio (1.125). Long straight column have
diameter is 180mm. One type of Non-prismatic long
column having bottom diameter is 180 mm and 160
mm on top side. Another type of non-prismatic have
bottom diameter is 180 mm and top diameter is 140
mm. Short non-prismatic column have bottom
diameter is 180mm and top diameter is 160 mm. The
height of long column is 3000mm and short column is
1000mm. H section is used as steel section in column.
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Table-1: Material properties of concrete Model
Properties Description
Density (kg/m3) 2512 kg/m3
Young’s modulus 4.18x1011Pa
(MPa)
Poisson’s ratio 0.12 N
A

Table-2: Material properties of steel section
Fig-2: Long column-double side tapered condition

Properties Description (TR=1.125)
Density (kg/m3) 7850 kg/m3 Madel
Young’s modulus 1.80 x 1011Pa
(MPa)
Poisson’s ratio 0.291
Fiqure .

v

A

Fig-3: Long column-partial tapered condition
(TR=1.125)

&,

Fig -1: Straight long column

¥

A

Fig -4: Short column- single side tapered condition
(TR=1.125)
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Model D: TR-180/180-1
Figure
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Fig-7: Total deformation of long straight column

Fig -5: Short column-double side tapered condition cTmto0r160
(TR=1.125) e To ctormsion
3:@722
Z/L Fig-8: Total deformation of Long column -double
: side tapered condition (TR=1.125)
Fig -6: Short column-partial tapered condition b Partal Taper -TR-1601160
TR= 1 i 1 2 5 Lyp'te.: Total Defarmation
Tone: 04
Meshing s
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Loading and Boundary conditions s
To simulate real conditions, columns were one end is Lﬁ;
fixed and one end is pinned. The load is applied in one 0 Min

direction. Performance of column under axial and
lateral loading was studied by ANSYS. A 3D finite
element model was formed for each column and
comparison was made for straight and non-prismatic
columns.

3. RESULTS AND DISCUSSIONS

3.1 Axial Loading

column models are subjected to load at the centroid of
column cross section. From the load deflection graph,
maximum load carrying capacity and total deflection of
model was obtained and compared between them.

Fig-9: Total deformation of Long column -Partial
tapered condition (TR=1.125)
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B: 1000-Single side-TR-180/160

Figure
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Fig-10: Total deformation of short column -single
side tapered condition (TR=1.125)

A: 1000-Double side-TR-180/160

Figure

Type: Total Deformation
Unit: mm

Time: 0.275
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Fig-11: Total deformation of Long column -double
side tapered condition (TR=1.125)

€2 1000- Pactial Taper -TR-180/160
Figure
Type: Teas! Deformation

A

Fig-12: Total deformation of short column -partial
tapered condition (TR=1.125)

Table -3: Ultimate load and Total deformation of
Double side tapered and straight long column

Pu-load Type of
Model Stiffness U-def (KN) failure
(KN/mm) (mm)
Double Inward
side TR- 191.85 14.07 | 2,699.3 +lateral
1.125 buckling
Straight 201.96 12.65 | 2,554.8 | Lateral
buckling
3000
2500
Z 2000
=,
g 1500
S 1000
500
0
0 20 40 60

Deflection (mm)

—e—TR-180/160-1.125 —e—TR-180/180-1

Chart-1: Load deflection graph of Double
side tapered long columns and straight long column
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Chart-2: Buckling lateral deformation of double
side tapered & straight long column
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From the data obtained it is clear that non-
prismatic double side tapered column TR-
180/160=1.125) are having more load carrying
capacity than prismatic long straight column model,
precisely double side tapered TR-180/160=1.125)
column shows 5.4 % higher strength than straight
column.

Table -4: Ultimate load and Total deformation of
partial tapered and straight long column

Model | Stiffness | U-def Pu- Type of
(KN/mm) | (mm) | load failure
(KN)
Partial
taper- 288.82 8.16 | 2356.80 | lateral
TR- buckling
1.125
Straight 201.96 12.65 | 2554.80 | lateral
buckling
3000
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Chart-3: Load deflection graph of partial tapered
long columns and straight long column
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Chart-4: Buckling lateral deformation of Partial

tapered & straight long column

Table -5: Ultimate load and Total deformation of
single, double and partial taperd short column

Pu- Type of
Model Stiffness | U-def load failure
(KN/mm) | (mm) (KN)
1000- Lateral
double 305.63 9.48 | 2,897.4 | buckling
side
1000- Lateral
single 252.62 11.45 | 2,892.5 | buckling
side
1000- Lateral
partial 230.38 13.27 | 3,057.2 | buckling
taper

From the data obtained it is clear that prismatic
straight column TR-180/180=1) are having more load
carrying capacity than partial tapered column model,
precisely straight column shows 8.4 % higher strength
compare to partial tapered (TR-180/160=1.125)
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Chart-5: Load deflection graph of single , double and
partial tapered short column
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Chart-6: Buckling lateral deformation of single,
double and partial tapered short column

From the data obtained it is clear that non-prismatic
partial tapered column TR-180/160=1.125) are having
more load carrying capacity than single side and
double side tapered column model, precisely partial
tapered column shows 5.5 % & 5.6% higher strength
than double side tapered (TR-180/160=1.125) and
single side tapered (TR-180/160=1.125)

respectively.Double side and single side tapered shows
less buckling lateral deformation compared to partial
tapered column.

CONCLUSIONS

e Long straight column shows 8.4% higher
strength compare to partial tapered (TR-1.125)
long column.

e While in the case of partial tapered (TR-1.125)
shows less buckling lateral deformation
compared to straight long column.

¢ In double side tapered column shows 5.35 %
higher strength compared to long straight
prismatic column.

¢ Indouble side both tapered column (TR-1.125)
shows less lateral buckling than straight
prismatic long column.

e Partial taper (TR-1.125) shows 5.23 % and
5.38% higher than double side and single side
tapered short column respectively.

REFERENCES

[1] Junlong Yang, Jizhong Wang, Xinpei Wang, Lu
Cheng and Ziru Wang “Compressive Behaviour
of Circular Tubed Steel-Reinforced High-
Strength Concrete Short Columns”,2019

[2] Xaunding Wang, Jipeng Liu “Behavior & design
of slender square-tubed reinforced concrete
columns subjected to eccentric
compression”,2018

[3] Xaunding wang, Jipeng Liu Sumei Zhang)”
Behavior of short circular tubed reinforced
concrete columns subjected to eccentric
compression”,2017

[4] Wang, X, ]. Liu, and X. Zhou “Behavior and
design method of short square tubed-steel-
reinforced-concrete columns under eccentric
loading.” J. Constr. Steel Res. 116 (Jan): 193-
203.2016

[5] Zhu, X. Feng, liu, Q Wang Experimental
research on square steel tubular columns filled
with steel reinforced high strength concrete
under axial load,2015

[6] Lai, M.H., and].C. M. Ho “Confinement effect
of ring-confined concrete-filled-steel-tube
columns under uni - axial load.” Eng. Struct. 67
(May): 123-141,2014

[7] Tao, Z., Z. B. Wang, and Q. Yu “Finite element
modelling of concrete-filled steel stub columns
under axial compression.” ]. Constr. Steel Res.
89 (Oct): 121-131,2013

© 2021, IRJET | ImpactFactor value: 7.529

ISO 9001:2008 Certified Journal | Page559



"/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 08 Issue: 08 | Aug 2021 www.irjet.net p-ISSN: 2395-0072

[8] Khan, M, B. Uy , Z. Tao, and F. R. Mashiri
(2013)"Concentrically loaded short high
strength composite columns”,2013

© 2021, IRJET | ImpactFactorvalue:7.529 | 1S09001:2008 Certified Journal | Page560



