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Abstract

This paper presents an exploratory evaluation of the CFST columns under
axial loading with different thicknesses of outer steel tube and column
diameters. 4 mm and 5 mm outer steel tube with 200 mm, 125 mm, 150 mm
outer diameter, and concrete of grade M30 was used in this study. The
systematic outcomes are validated with the corresponding investigational by
comparing its ductility index, secant stiffness, maximum confining pressure,
and load-deformation behavior under axial loading on CFST columns. Many
schemes were generated to evaluate the best set of parameters under axial
loading to get the behavior of CFST columns. After studying the various
increments of loading, the concrete began to fail from the center of the
longitudinal section. This failure ends up at each end of the longitudinal
section. This load transfer can resume from the middle of the longitudinal
section. At this time the concrete begins to skinny from the middle and also
the tension within the steel tube is targeted within the center of the
longitudinal section. The load versus displacement graph is designed to
evaluate the performance of the CFST column under axial loading.
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modeling, secant stiffness, confining pressure, ductility index.
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1 Introduction

CFST is considered the main cross-sectional type of composite columns.
Historically, encroaching on concrete in the previous type of column has
been considered a protection against steel corrosion and fire [1, 2, 3].
Nowadays, longitudinal and lateral strengthening was included with the
concrete encasement, and the potency caused due to the contact among the
surrounding concrete and embedded steel tube was deployed for structural
uses. On the other hand, CFST columns are made by releasing concrete in
hollow steel tubes. Steel tube helps in situ concrete filling and thus eliminates
the need for more formwork and leads to faster construction [4- 8]. Further, it
does not require additional support. Therefore, CFST columns have been
widely used as columns in both large span buildings [2] and high and
medium rise buildings [3] and piers [9, 10]. As land availability is limited,
large numbers of people need structures to support various activities. In
previous studies, ductility improved by confining concrete and the two
methods for providing confinement to concrete active confinement and
passive confinement[11, 17]. First, confining stress is not binding unless the
transverse reinforcement gap is reduced [16]. Second, the effect of
deformation in concrete is introduced by the bending action in transverse
reinforcement. The bending stress decreases with increasing distance from
the bend [12]. In previous studies in [12, 13,14,15] CFST was found that
CFST performs better than conventional RCC construction. In CFST, the
steel tube also serves as a permanent formwork, and neglecting to strengthen
the bar reduces construction time and costs. The limited pressure on the
concrete core produced by the steel tube delays the formation of micro-
cracks and reduces the splitting crack width [22].

Under tensile stresses to the CFST columns steel has the potential to
show more stress than concrete, for this reason, research has been conducted
to evaluate the effect of debonding on CFST, and conclude that the local
buckling phenomenon in the circular steel tube in the debonding model is
more severe than the sample devoid of debonding [17][18,19,20].

Steel tubes in the CFST only provide confinement to the concrete core by
reversing the lateral stress. The stresses that arise depend on the lateral
stresses and the lateral stresses in the specimen, which are turbulent. This
makes it difficult to determine the amount of lateral stress and shear stress
[11]. Equivalent stress umption is exemplified in models with two small
major axes per axial load without surgical steel tube abnormalities [21, 24,
25][26,27],[30-33]. In the case of the CFST model with square and
rectangular cross-sections, the arching action in the corners is not uniform
stress in conventional RCC systems such as buckling between centre and
edges.
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2 Methodology

2.1 Test Specimens

To examine the behavior of the CFST column under axial loading, a total
of twelve composite (6 greased and 6 non-greased) specimens were cast. The
specifications of the specimens are given in Table 1. The CFST columns of
different sizes and the thicknesses of the steel tubes are shown in Fig. 1. For
the preparation of greased specimens, grease was applied to the inner surface
of the outer steel tubes. The casting of specimens was done in five layers,
with each layer compacted using vibrator. CFST columns after casting are
shown in Fig. 1.

Figure 1: CFST Composite Columns
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Table 1 Geometry of Circular Steel Tubes Column

Com )
press Area (mm°)
Thic | . Yield | [V
. Hei stren
Spe | Diam | kness streng
! ght L/ gth
cim | eter of DIT th of conc
(m D of | Steel Tot
ens | (mm) | steel( m) steel conc | (As) rete |
S a
mm) (MPa) rete (Ac)
(MP
a)
C1 6. 844
T4 100 4 600 | 25.0 0 288 36.7 | 1206 | 7235 1
C1 6. 857
T5 100 5 600 | 20.0 0 288 36.7 | 1492 | 7085 7
c2 4. 1149 | 130
T4 125 4 600 | 31.3 8 380 36.7 | 1521 3 14
c2 4, 1130 | 131
T 125 5 600 | 25.0 8 380 36.7 | 1885 4 89
C3 4. 1673 | 185
T4 150 4 600 | 37.5 0 440 36.7 | 1835 3 68
C3 4. 1650 | 187
T5 150 5 600 | 30.0 0 440 36.7 | 2278 A 82

2.2 Test Setup and Measurement

A schematic outline of the specimen is represented in Fig. 2. An UTM
machine HTP-2000 of capacity 2000 kN was utilized for the application of
axial loading on the top of the specimens. The axial load was applied on the
top surface of the specimens as presented in Fig. 2. For the evaluation of the
experimental results, six specimens were cast after the inner coating of
grease and other six specimens were cast without inner coating of grease.
The behavior of greased and non-greased specimens was evaluated after 28
days.

Loading Ram

Test Specimen

[I T [I LVDT

Strain Gauges

Loading Ram

Figure 2 Schematic Diagram of Test Arrangement
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2.3 Experimental Analysis

In this paper, the performance of axially loaded CFST columns namely,
C1T4, C1T5, C2T4, C2T5, C3T4 and C3T5 was investigated. The results
observed from the experimental analysis were compared in terms of
maximum load carried by the columns, load-deflection behaviour, ductility
index, secant stiffness and maximum confining pressure for all the greased
and non-greased specimens. The results obtained from experiment were
compared to the simulated results and listed in Table 2.

Table 2 Evaluation on Loading Capability of Greased and Non-Greased Columns

Load Carried by Column (kN) Peak | Simulate | Peak
Stress d load Stress
in capacity | in Non-
R - 0,
Specimen | < oo GNon e 7o - Grease (kN) Grease
rease ncreas
S Column ) neere d d
Column emn c Colum Colum
» Pac
y PNGC |0ad n n
(MPa) (MPa)
C1T4 823 834 1.3 1.01 975 843 98.8
C1T5 827 836 11 1.01 96.4 849 97.5
C2T4 1240 1252 1.0 1.00 95.3 1261 96.2
C2T5 1248 1263 1.2 1.01 94.6 1268 95.8
C3T4 1714 1749 2.0 1.02 92.3 1756 94.2
C3T5 1721 1768 2.7 1.03 91.6 1774 94.1

3 Finite Element Modeling

The simulation technique to examine the behavior of CFST specimens is
a compelling way to decrease money and time on additional analysis. The
literatures on finite element analysis of circular CFST specimens are less. In
this study, the numerical modeling of the specimens was considered to
resolve these issues.

3.1 Description of FE Modeling

CFST is made of a visually filled steel tube with reference nodes with
two upper and lower rigid panels.
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3.1.1 Element Types

The most ordinarily used components for modeling is C3D4, C3D6 and
C3D8. Of these components have 3 translation degrees of freedom (DOF)
at every node. Consequently, C3D4 and C3D6 converge properly and need a
fine mesh that consumes a great deal of your time. Therefore, C3D8 is most
well-liked over C3D4 and C3D6 components for a solid continuous body
[16]. The C3D8R element is also used for the concrete core. Due to time
constraints, the mesh size is 20 mm. According to the literature, the best
mesh available is the most accurate results, while a thicker mesh of 20 mm
gives acceptable results. The Meshing of steel tube and concrete core is
presented in Fig. 3.

=
/" 4
" C3D8R ‘

Figure 3 Meshing of CFST Column with C3D8R Element
3.2 Material Modeling
3.2.1 Steel

For simplicity, the ideal trilinear stress-strain curve for steel was used.
First, the elasticity of the steel extends along with the modulus to the yield
point with a slope. The second part is the nature of plastic, which is stable
under vyield stress. The ideal trilinear stress-strain curve for steel is given by
Fig. 4.

g = 10¢g, (D)

e

Figure 4 ldealized Trilinear Stress Strain Curve For Steel
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3.2.2 Concrete

The stress-strain curve of concrete is calculated using the formula given
by ACI (1999) with Young's modulus Ec.

E. = 4700y fe 2
Where f. is calculated by means of relations [23]. The stress strain curve
of confined and unconfined concrete is specified by Fig. 5.

fee = fe + k}fl (3)
€ = €c(1 + K 2) (4)
Where, k; and k, denotes the constants that could be assumed as 4.1 and 20.5
correspondingly [24, 27].

}’:—1=0.043646—0.000832 &) For 21.7 < dit < 47
y
)
]’:—1:0.006241—0.0000357(%) For 47 < dit < 150
y
(6)

-

ligge B¢
Figure 5 Stress Strain Curve for Concrete
3.3 Validation of Results

The analytical results were separated with experimental results relating
to load-deformation curves, ductility index, securitized rigidity and
maximum limit stress of grease and non-grease specimens. The failure of the
test specimens and numerical models were seen after the testing and
simulation are shown in Fig. 6 and Fig. 7. The load-deformation performance
curves of the CFST columns were observed by experiment for the grease and
non-grease specimens as shown in Fig. 8, Fig. 9 and Fig. 10. The load-
deformation behavior of the CFST columns observed by experimental and
numerical modeling for nonlinear models is presented in Fig. 11, Fig. 12 and
Fig. 13. The results showed that numerical modeling is in the observed load-
deformation behavior great deal with exploratory values. The variability of
the results between experimental and analytical analyzes stems from
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differences in physical property and errors between test models and finite
element models.

Figure 6 Failure Mode of CFST Circular Columns Under Axial
Loading

Figure 7 Failure Location of Concrete and Steel Under Composite Loading
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4 Results and Discussion

4.1 Axial Load-Deformation Curve of Greased and Non-Greased
Specimens

The comparison between load-deformation curves of the axial loaded
greased and non-greased specimens C1T4, C1T5, C2T4, C2T5, C3T4, and
C3T5 are presented in Fig. 8, Fig. 9 and Fig. 10. The observed experimental
and analytical result of the specimens showed that the load-deformation
behavior is nearer to one another. The slope of load-deformation curves of
greased and non-greased specimens are almost the same but with the increase
of composite loading, there is a slightly difference between the load-
deformation behavior of the greased and non-greased columns. The elastic
axial load bearing capacity of non-greased columns are slightly greater than
the greased columns. The ratio of Pygc and Pgc is found to vary from 1.00 to
1.03 for axial loaded columns. This shows that impact of contraction on the
loading capability of CFST columns is relatively irrelevant.

1000
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Axial load (kN)
Axial load (kN)
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o
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Deformation (mm) 2 10 by Rn
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Figure 8 Load-Deformation Curves For C1T4 And C1T5 Greased
And Non-Greased Specimens
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Figure 9 Load-Deformation Curves For C2T4 And C2T5 Greased And
Non-Greased Specimens

éoﬂ! tpha Fubfishers



11125 A K Tiwary et al.

2000 2000
& 1500 - 1500
£ Z
-
=
1000
:8 -_—-—C3T4 NG g oo
= Ea = = = (3T5-NG
LaTd-G ¥
2 500 3 C3T5-G
500
8]
0 10 20 30 40 o
Deformation (imm) 0 10 20 30 40

Deformation (mm)

Figure 10 Load-deformation curves for C3T4 and C3T5
greased and non-greased specimens

4.2 Experimental Vs. Simulated Axial Load-Deflection Curve

The load-deformation curves comparison between experimental and
analytical results for specimens C1T4, C1T5, C2T4, C2T5, C3T4 and C3T5
are presented in Fig. 11, Fig. 12 and Fig. 13. The diversity of experimental
and analytical results stems from the difference between physical property,
test models and finite element models.

1000 1000
200 800 =
= -
= z
= 600 = g0
=] °
2 ——— CIT4-EXPERIMENT 3 CITS-EXPERIMENT
= 400 = 400 iy e
3 === C1T4-SIMULATED g === CITS-SIMULATED
200 200
0 0
)
0 5 10 15 = =

o 5 10 15

Deformation (mm) Deformation {mm)

Figure 11 Comparison of load-deformation curve for non-greased C1T4 and
CITS column
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Figure 12 Comparison of load-deformation curve for non-greased C2T4 and C2T5
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Figure 13 Comparison of load-deformation curve for non-greased C3T4 and C3T5
column

4.3 Maximum Confining Pressure (Fcp-max)

The CFST members owe their unique properties to the radial confining
pressure applied on concrete by steel tube that improves the ductility and
compressive strength of concrete. Estimating the correct value of this
parameter is pivotal to finding the load resistance of CFST member under
any given type of loading. The experimental measurement of the value of
confining pressure at any section is very difficult and required sophisticated
equipment. Hence, the FEM model has been used to study its variations
along with the height and the circumference of the specimens. Fig. 14
demonstrates the confining pressure distribution for the specimen was
observed at an interval of 60 mm throughout height from the top of column
specimens. The confining pressures of all specimens at the height of 60 mm
from the top supports are shown in Fig. 15. The f, max Of non-greased CFST
columns is given by Table 3.

Maximum contact
pressure at top
surface of
concrete and steel

A 4

Figure 14 Contact Pressure at Surface Node in Concrete And Steel
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Table 3 Maximum Confining Pressure of Non-Greased CFST Columns

Maximum  confining
Specimens | Pressure (fep-ma),
N/mm?
Ci1T4 6.6
C1T5 7.8
C2T4 6.8
C2T5 8.7
C3T4 5.3
C3T5 8.4
10
9
. AB74 » 836
78 —e—C1T4
Z 6.62 : —e—C1T5
< X 5.28 ——C2T4
4 —e—C2T5
; ——C3T4
) —e—C3T5
0

CiT4 C1T5 C2T74 C2T5 C3T4 C3T5

Figure 15 Maximum Confining Pressure of Non-Greased CFST Columns

4.4 Secant Stiffness and Ductility Index for Greased and Non-
Greased Columns

Secant stiffness is obtained by “ratio of ultimate compressive load to the
displacement at an ultimate compressive load”. The obtained outcomes point
out that the secant stiffness decreases for the greased specimens as compare
to the non-greased specimens. The greased and non-greased specimen C1T4
and C1T5 loses secant stiffness ranging from 41% to 59%. The greased and
non-greased specimen C2T4 and C2T5 loses secant stiffness ranging from
21% to 28%. The greased and non-greased specimen C3T4 and C3T5 loses
secant stiffness ranging from 18% to 27% . The Ductility Index was obtained
by an equation [28]. DI for greased specimens decreases as compare to non-
greased specimens with t = 4 mm and 5 mm . This indicates that the non-
greased specimens became more ductile under axial composite loading.
Other researcher given in [29] determines the CFST column’s ductility after
the rise in fire exposure. The secent stiffness and
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ductility index of greased and non-greased CFST columns is shown by Table
4.
Table 4 Secent Stiffness and Ductility Index of Greased and Non-Greased CFST

Columns

Specimens | Secent Stiffness, | Ductility Index (DI)

(KN/mm)

Greased | Non-Greased | Greased Non-

greased

C1T4 50.6 123.5 1.0 1.1
C1T5 90.0 151.8 1.2 1.2
C2T4 124.0 156.5 1.6 2.1
C2T5 166.4 229.6 1.5 1.9
C3T4 71.4 87.5 1.2 1.5
C3T5 86.1 117.9 1.4 1.6

5 Conclusions

The below conclusions were attained from the analytical and
experimental studies are given:
o The Stresses of non-greased CFST columns is greater than greased colu
mns due to good bond behavior in CFST columns.
e The axial loading capability of non-greased columns is slightly higher th
an greased columns due to a lack of bonding behavior between concrete and
steel.
o The secant stiffness of non-greased CFST columns is greater than grease
d columns. The secant stiffness of greased and non-greased specimens is ran
ging from 18% to 59% and it is seen that C2T5 non-greased specimen has hi
gher secant stiffness.
o The ductility index of non-greased columns is slightly higher than the gre
ased columns. This means that the non-greased specimens have more ductilit
y as compared to the greased specimens.
e The confining pressure given by steel tube to concrete is generally emph
asized near the columns ends by friction due to the machine loading plate and
CFST top and bottom plates. The affected length of CFST columns is general
ly between 20 mm and 40 mm from either side. This results in very high com
pressive stresses in concrete in these areas.
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