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ABSTRACT: Studies done by the previous researchers in Concrete Filled Steel Tubes (CFST) have a signifi-
cant focus on the bond performance of CFST. This paper includes studies on the evaluation of critical pa-
rameters such as interface condition, interface length, infilled concrete strength, and end friction and cross-
section dimension in these members. It is found that the effect of interface length had very little impact on the
bond stress as it shows a promising value when the interface length is in the range of 200-800 mm and after
that, it gets shifted and reduced for larger interface length. But this decrease in the bond stress is affiliated
with other parameters, like macro-locking, infilled concrete compressive strength distinctly affects the mean
interface bond strength for the sample in the regular condition, the interface bond strength for the most part
increases with infilled concrete strength. It is spotted that the friction coefficient of 0.15 is used at both col-
umn ends to provide the fixity and it becomes clear that the local buckling pattern of the stub column is inde-
pendent of the end friction. In both categories of columns, the bond strength among the steel tube and infilled

concrete reduced extraordinarily with increased cross-sectional dimension.

Keywords: - bond behavior, end friction, interface length, macro-locking, bond strength.

1 INTRODUCTION

In the past few decades, plentiful research had
been steered to explore the bond strength between
the steel tube and concrete in concrete-filled steel
tubes. As these were turned out to be the extensively
exercised structural elements in contemporary engi-
neering structures. These were used as pillars in sky-
scrapers and multi-storey buildings, as beams in low
height industrial buildings, and as arch in bridges
has wide acceptance in countries like Australia,
U.K., China and many other developed and develop-
ing countries in recent times. However, this practice
in India is a new-fangled notion. Interestingly,
CFSTs are being used as supports & beams in rein-
forced and unreinforced frame structures. For this
sort of establishment, it should be ensured that dis-
similar constituents work together and develop the
composite action between them. Earlier studies re-
vealed that continuity of strains between steel and
concrete could be guaranteed if the concrete core
and steel tube should be loaded simultaneously at
the ends of column. Kilpatrick et. al. (1999) and
Shakir-Khalil (1993) performed a series of experi-
ments on forty samples to know effect of the inter-
face type, shape and size of the cross-section of
short CFSTs. Roeder et al. (1999) conducted the
same experiments on twenty circular samples with a

maximum diameter of 610 mm where eight speci-
mens had the concrete with modest shrinkage poten-
tial and twelve had concrete with minute shrinkage.
The samples had been tested at different ages vary-
ing from 20 to 60 days to know the bond characteri-
zation between steel and concrete. The foremost tar-
get of the presented manuscript is to examine the
effect of critical variables like cross sectional dimen-
sion, infilled concrete strength, end friction, inter-
face condition and interface length in concrete filled
steel tube members.

2 LITERATURE SURVEY

Virdi and Dowling (1980) performed tests on nu-
merous of steel tube filled with concrete to deter-
mine its interface mean bond strength between the
infilled concrete core and the steel tube. Numerous
parameters had been studied, including the concrete
compressive strength, the length-diameter ratio of
the interface, the diameter-thickness ratio of the
tube, etc. The result of these test shows the im-
portance of inadequacies in the manufacture of tube
to contribute to full mean bond strength. It has been
found that the resistance to ejection of loads in
CFST is mainly due to inter-locking of infilled con-
crete with two types of defects. One is related to the
roughness of the steel surface and other one is the
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deviation in the form of the cross-section from the
ideal cylindrical shape [37].

Shakir-Khalil (1993) was one among the persons
who investigated the bond strength with the help of
pushout tests on the sample size of 40 short concrete
filled steel tubes of different cross-sections like
square, circular and rectangular. The test on the
specimens were carried out on some samples having
block bolt of grade 4.6 as mechanical shear connect-
or and some samples don’t have the shear connect-
ors. The steel-concrete interface length of the speci-
mens was variable with 200, 400, 600 mm
dimensions. The concrete mix was same for all the
specimens throughout this experimental work. The
test results of this pushout tests shows that the push-
out load which is the resistance of the specimen, was
depended on the shape and size of hollow steel sec-
tion and on the state of interface length of the steel
concrete [31,32].

Schneider (1998) conducted an experimental and
analytical study on the behaviour of short columns
of steel tube filled with concrete that are under com-
pression upto failure. Samples were tested to study
the influence of the shape of the steel tube and the
thickness of the wall on ultimate load carrying
strength of the structural member. The limitation of
infilled concrete with the shape of the tube was also
mentioned. The evaluated maximum resistance has
been compared with the regulations in force for the
construction of columns in tubular steel filled with
cement. Nonlinear finite element models have been
developed and verified on the basis of experimental
data [30].

Giakoumelis (2004) examined the circular steel tube
filled with concrete by taking numerous infilled con-
crete samples having different compressive strengths
under axial loading. The effects of thickness of the
steel tube, the rigidity of the connection between the
infilled concrete and steel tube, the inclusion of the
infilled concrete was examined by him. The results
shows that the peak load for small reductions in de-
formation (approx. 3.0mm) was reached for high-
strength infilled concrete, while the end load with
large displacements was obtained for normal
strength of infilled concrete. With increase in
strength of infilled concrete, the connection between
steel tube and concrete become more alarming [12].
Sakino et al., (2004) examined the behaviour of cir-
cular and square tubular column filled with concrete
(CEST) for their different support conditions with a
wide range of material strength through experi-
mental work. The key parameters for the test were
grade of steel such as 400, 590 or 780 MPa, the di-
ameter, the ratio between width and thickness of
steel tube and finally the compressive strength of in-
filled concrete such as 40, 90 MPa. The internal
beam column prototypes were taken under axial load
and cyclic horizontal loading with progressive in-
crease in lateral deformation to simplify the impact
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of the test restrictions on performance of the mem-
ber taken. The external column models were loaded
laterally under variable axial load. The performance
of square shaped columns exposed to a biaxial curve
was also examined [29]. Ellobody et. al., (2006)
studies focused on an extensive variety of infilled
concrete strength and the outer diameter of the steel
tube plate (D / t) thickness ratio for stub steel tubes.
A precise finite element model was simulated to
communicate the analysis. Precise models made of
non-linear material were used for infilled concrete
and steel tubes. The strength of the column and the
axial load reduction curves were evaluated. The re-
sults of the finite element analysis were confirmed in
relationship to the experimental results. An exten-
sive study was done for examining the effects of dif-
ferent strengths of infilled concrete and cross-
sectional geometries on strength and performance of
circular columns with dense steel tube and infilled
concrete. The column strength provided by the anal-
ysis of the finite element programme were combined
with the strength of the column evaluated by using
specifications provided in Euro, American and Aus-
tralian codes [11].

Gupta et. al., (2007) presented, an experimental and
simulated investigation of the performance of a cir-
cular column of a steel tube filled with concrete until
failure loading. Wide range of samples were tested
to inspect the effect of steel tube diameter and D / t
ratio on the load-carrying capacity of tube columns
filled with concrete. The impact of infilled concrete
quality and flight volume in infilled concrete was al-
so examined. The effect of these constraints on the
delivery of the infilled concrete core was also the
part of the examination. The study was validated by
comparing the experimental and simulated results of
the load deformation curves and the corresponding
case modes. The experimental and computational
investigation shows that the obtained load-carrying
capacity from both the approaches was reducing
with for tubular columns filled with concrete. It de-
creased with a certain deflection with increasing
flight volume of up to 20% but increased again with
25% after output in infilled concrete [15].

Chang et. al., (2009) studied the bond performance
of CFST columns with expansive infilled concrete
and they found that the use of expansive infilled
concrete in CFST is beneficial to refine the mean
bond strength of CFST columns in short terms [10].
Oliveira et. al., (2009) experimentally examined the
effect of two parameters first one was compressive
strength of infilled concrete and other one was nar-
rowness of columns. Extensive variety of circular
CFST columns were tested with wide variety of in-
filled concrete strength and length to diameter ratio
under the axial loading. A comparative studies and
examination of various code gave the reasonable
conclusions [39]. The ANSI and NBR showed re-
sults are lesser than results obtained by him. Still the
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final load capacity was higher than predicted in AN-
Sl code.

Aly et. al., (2010) examined 14 CFST circular col-
umn samples to find the mean bond strength behav-
ior of composite columns that were exposed to the
S.L and V.R.L procedure. The effect of infilled con-
crete age on the ejection strength of CFST with a di-
ameter was examined. The age of normal strength
infilled concrete was found to induce a slight de-
crease in ejection strength, but no steady comment
could be drawn regarding high strength infilled con-
crete samples that could be confirmed for the small
variety of infilled concrete. A comparison of column
adherence obtained from current and former assess-
ment results and existing design codes were shown.
Two freshly derived mean bond strength limits were
experimentally taken out and recommended for the
design of structures that were mainly exposed to
static or cyclic loads [3].

Tao et. al., (2011) carried out pressure tests on 64 in-
filled concrete filled tubular columns of infilled con-
crete exposed to I1ISO 834 fire for 90 minutes and
180 minutes, respectively. 12 unheated samples
were prepared and tested for comparison, with the
residual mean bond strength of CFST after exposing
it with fire and the assessment results showed that
mean bond strength between steel tube and infilled
concrete decreased after 90 minutes of exposure fire
and strength recovery was obtained upon receipt of
the fire exposing time was stretched to 180 minutes.
Due to the shrinkage of the infilled concrete, the
mean bond strength in the CFST was found to be
very delicate to its cross-sectional dimensions. Addi-
tional investigation is required for columns having
large cross sections & appropriate procedures may
need to be undertaken to improve mean bond
strength [35].

Gupta and Singh (2014) study present a numerical
examination for the performance of short Concrete
filled steel tube (CFST) columns. Three-
Dimensional nonlinear finite element analysis of the
compression method is executed using commercial
software ABAQUS v6. (2009). It is concluded that,
the overall load-deflection performance and the de-
formed shape of the CFST column remain un-
changed regardless of the end friction between the
compression member and the beam (or platen) above
it. Even for high end friction value of 0.5 negligible
change in the result parameters was detected for
short columns [17].

Qu and Chen et. al., (2015) tested 18 rectangular
CFST Columns and they obtain the load v/s slip
curve & the scattering of interface mean bond stress
along & length of the section and around the cross-
section for the numerous load stages. It has been
shown that the lubrication of the steel infilled inter-
face causes a significant reduction of the mean bond
strength, and lubricating samples have mean bond
strength in the range from 13.0% to 55.0% of the
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mean bond strength of the identical samples without
lubrication. Among other parameters the compres-
sive properties of infilled examined and cross sec-
tions of tubes have been shown to have the most im-
portant influence on the mean bond strength. Also,
they suggested am empirical relation to find out the
predicted value of mean ultimate bond strength for
rectangular CFST by regression analysis [27].

Laboratorial exploration had been carried out on
octagonal tubular stub columns made of convention-
al-strength steel by Godat et. al. (2012) and Zhu et.
al. (2019). Their investigation presents that the re-
sidual stresses of octagonal tubular cross-sections
with various plate width-to-thickness ratios could be
characterized and ultimate loads of the stub columns
under axial compression could also be estimated. Ul-
timate loads attained from laboratory experiments in
in the presented work by them were also compared
with those were computed on Eurocode 3 and
ASCE/SEI 48 standards [EN 1993-1-1, (CEN 2005);
ASCE/SEI 48-11 (ASCE 2011)] by Godat et. al.,
(2012) and Zhu et. al., (2019) and finally it had been
concluded by these investigations that amplifying of
the ultimate loads were recorded by the existing de-
sign approaches in the standards.

In accordance with Zhu et. al., (2019) and Naohi-
ro et. al., (2017) the consideration of cross-section
for Octagonal tubular cross sections have been found
to have greater local buckling resistance and bond
strength than rectangular tubular cross-sections [44,
25].

Studies of Tao et. al., (2016) unveiled that the ef-
fect of specimen dimension can’t be overlooked.
The larger the specimen size, the more substantial be
the bond strength decrement. For example, after
1175 days, the bond strength of CFST with 600 mm
side length was only 0.03 MPa. He also recom-
mended that larger diameter to thickness ratio was
accountable for the drop of bond strength. This con-
clusion was verified by various other researchers al-
so [36].

Temperature was also observed as a crucial con-
straint in the examination on the bond strength. The
bond strength at higher temperature and at the Fro-
zen low temperature were also studied Song et. al.,
(2017), Yan et. al., (2019) and Lyu et. al., (2019). In
addition, the bond strength might be affected by the
curing condition of concrete, concrete strength, con-
crete mixture, etc. They also explored the bond be-
haviour in recycled aggregate concrete-filled steel
tubes in laboratory. The bond strength was 0.880—
1.096 MPa. Empirical formulas were projected then
to predict the bond strength of specimens from other
researchers, considering the influence of dimension
and thickness of the steel tube. In summary, many
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other parameters could affect the bond strength in
different ways [34, 21, 38].

3 NUMERICAL MODELLING
3.1 General

To an analyst, numerical investigation of any exper-
imental issue gives a complete opportunity to ex-
plore in detail any number of variables that may af-
fect the concern phenomenon. Hence to simulate the
CFST columns reasonably a numerous numerical
models are being proposed in this work that gives
the complete opportunity to explore the application
and utilization of CFST columns.

A general-purpose  Finite element program
ABAQUS 6.14 has been used to simulate the finite
element model for CFST columns. Four-nodded
shell element with reduced integration & Eight-
nodded brick element with three translation degree
of freedom at each node were used to model the
steel tube and infilled concrete core, respectively.

3.2 Geometric Properties

When The cross-sections taken in the modelling of
the CFST has been categorized into two groups
(Figure 1.), one is circular section (represented by
CS) and other is square section (represented by SS).

D ) . B

Tt —) |-

Figure 1. Cross section of Concrete Filled Steel Tubes

3.3 Material Properties

3.3.1 Steel Tube

An elastic-perfectly plastic behavior of steel has
been modelled to simulate the specimens of steel
tube. The elastic parameter such as Young’s Modu-
lus and Poisson Ratio of the material is taken as 200
kN/mm? and 0.3 respectively. The plastic parameters
I.e., stress-strain for steel is taken in the form of true
stress and true strain respectively.

A
(o3

Gy ——

Figure 2. Elastic-perfectly plastic curve for steel.
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The uniaxial behavior of steel to simulate the steel
tube can be modelled by the elastic-perfectly plastic
behavior of steel (Figure 2.). The response of the
steel tube has been modelled by an elastic-perfectly-
plastic theory with associated flow rule. When the
stress points fall inside the yield surface, the behav-
ior of the steel tube is linearly elastic. If the stresses
of the steel tube reach the yield surface, the behavior
of the steel tube becomes perfectly plastic. Conse-
quently, the steel tube has been assumed to be failed
and can’t resist further any loading.

3.3.2 Infilled Concrete

Initial Modulus of Elasticity, E_c, of infilled con-
crete has been calculated as per the following equa-
tion provided in ACI,

E, = 4700, /F i )

Poisson’s ratio for infilled concrete is taken pu=0.20,
a uniaxial compressive strength and equivalent strain
of unconfined infilled concrete is f*_ and =, respec-
tively.
Let the uniaxial compressive strength and the corre-
sponding strain of the unconfined infilled concrete
be s _and e, respectively (Figure 3.).

fc“

£ confined concrete
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k3fcc T

unconfined concrete

/
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Figure 3. Equivalent uniaxial stress-strain curve for infilled
concrete.

The associations between ' __, f'_ and between &', ,

g, IS

floe= Fotbfi e (2)
R A 1

E”—EE(L+R:I,J ............................................... (3)

fi is the confining stress. k, & k, , are constants and
they can be obtained from experimentally from the
data analysis. Typical values for &, & &, can be con-
sider with reference to the available literature as:

Ky =L e 4)
K = 5Ky e (5)

Also, the infilled concrete is under the tri-axial
stresses hence its failure should be governed by
compression failure with the expanding surface on
the increase in hydrostatic pressure. Hence for the
plastic behaviour analysis the Linear Drucker Prager
yield criteria has been deployed for the modelling of
the infilled concrete.

G=t—ptanf—d =0 oo, (6)
Where,

{Uj_+|5: + ﬂ'g]
e
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=2 [i- (-]

r= E (57 + 53 +5§‘]g

Also, 5,.5, and 5;are principal deviatoric stresses
and K and £ are the constants for material parame-
ters which can be evaluated with experimentally
available data. In this analysis, 0.778, and 20° " the
taken values for K and £ respectively.

The infilled concrete behaviour has been modelled
by an elasto-plastic behaviour with the attached flow
rule and the isotropic hardening rule. If plastic de-
formation occurs, there should be some limitation to
control the expansion of the elastic area.

el

$a

P

Figure 4. Linear Drucker-Prager yield criterion for infilled
concrete.

Combining multidimensional stress and strain envi-
ronments with a measure of measures, namely effec-
tive stress f. and effective effort =., is a commonly
used approach so that all the results obtained on the
stress paths can be correlated with uniaxial equiva-
lent stress - the curve of deformation. The stress-
strain relationship proposed by Saenz (1964) was
widely accepted as the uniaxial stress curve for in-
filled concrete and has the following form

f = (EE' El:‘-.:I - . (7)
T 1+(Rerp-2)(55)-(2r-1(5E) +(5E)

Where,

_ RE (Rur— 1) _ i

R= (R—1)2  Re

And R, =4, R_ = 4 may be used

3.4 Interface Modelling

To attain all the mentioned favourable advantages
from the CFST columns, it is relevant that steel tube
and infilled concrete core behave as a single member
this makes the re-enactment of composite activity
between concrete and steel. This is the most signifi-
cant factor absolutely controlling the behaviour of
the member. A Surface-to-Surface contact should be
embraced having outer surface of infilled concrete is
taken as “master surface” and inner surface of steel
tube is taken as “slave surface” for proper distribu-
tion of interaction behaviour between the members.
The contact surface between steel and concrete is as-
sumed a “Hard Contact” surface and in most of the
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available literature, this type of surface uses a coef-
ficient of friction value of 0.6. A hard contact sur-
face is used to transfer the load from steel to the
concrete surface. Although the range of coefficient
of friction varies from 0.57 to 0.70 for steel and con-
crete at 0.60 the simulated specimen results show
good coherence with the experimental values and
this makes the axial load to be transmitted over the
two surfaces simultaneously, this is the genuine con-
tact between the two while making the surfaces sep-
arate under the influence of tensile forces.

3.5 Meshing

In any Finite Element based simulation, the determi-
nation of the proper element type and their size must
be achieved through the computational techniques.
Abaqus standard module inset in Abaqus 6.13 is uti-
lized for modelling.

The Abaqus standard module comprises of an ex-
haustive element library that gives various sorts of
element type and sizes with the consideration of dif-
ferent boundary conditions.

Mesh convergence investigations has been directed
to decide ideal finite element work that provides
normally precise arrangement and lower computa-
tional time. It is observed that aspect ratio of ele-
ments has very less effective on the P— curves if
this proportion is lesser than 3.0. In this analysis the
local seeding has been along the lateral direction is
D/15 and along the axial direction is L/18. After the
meshing, analysis has been done for refinement of
node-to-node connection of different instances. A
complete node-to-node intersection has been ob-
tained by mesh refinement and, it is also very im-
portant to avoid the overlapping of instances.

(b)
Figure 5. Finite element meshing of Concrete Filled Steel
Tube.
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3.6 Loading and Boundary Conditions

Encastre boundary condition has been taken for the
bottom of CFST by seizing the displacement and ro-
tation in U1, U2, U3 and UR1, UR2, UR3 direction
respectively.

The top boundary condition of the CFST is pro-
vided by fixing displacement in x and y-directions
by providing zero values to Ul & U2. Further U3
permits initial displacement in the form of applied
loading which takes place in negative z-direction.
UR1, UR2 and UR3 has fully restricted for initial
condition, as fixity is provided at both the ends. The
distribution of load is uniform over the cross-
section, and it is static in general condition. After
applying load in the form of initial displacement
normal stress is obtained by the simulation and this
normal stress value multiplied by cross sectional ar-
ea of specimen will provide the load carrying ca-
pacity of the member. During the simulation, pro-
cess Loading is provided by giving initial
displacement at the top in negative z-direction only,
the other two directions x and y having the zero ini-
tial displacements. Initial displacement for different
specimens is available from the literature of respec-
tive researchers, as they had done the work experi-
mentally. Then the results are presented by compar-
ing load carrying capacity of the specimens.
Observation of displacements has been done to carry
out the load-deflection analysis of all the simulated
specimen mentioned in Table-1. The ultimate dis-
placement value is also taken from the experimental
work available in literature and it is implanted in the
boundary condition of the model in z-direction.

4 RESULTS AND DISCUSSIONS:

4.1 Validation of Axial load vs Deflection

The accuracy of the simulated model has been per-
formed by comparing the results of the simulated
models with experimental models of all the authors
mentioned below in Table 1.

The experimental and simulated results for the
Axial Compression vs displacement of each sample
have been plotted to check the accuracy of the simu-
lated model for the validation. Also, the correspond-
ing ratio of ultimate load for simulated and experi-
mental has been shown in Table 1 which can easily
validate the accuracy of the simulation in terms of
the loading and displacement characteristics.
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Figure 6. Axial Compression v/s Displacement curve for Ex-
perimental and Simulated model of Schneider C-1.

4000 SAKINO CCe6-C-2
=
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0
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Figure 7. Axial Compression v/s Displacement curve for Ex-
perimental and Simulated model of Sakino CC6-C-2

1000 OLIVERIA C-30-3D
s 800
2
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g 400 .
v Experimental
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4
0
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Figure 8. Axial Compression (kN) v/s Displacement (mm)
curve for experimental and simulated model of Oliveira C-30-
3D.

1000 GUPTA D4M4F1
P U S — .
£ 600
g
& 400 Experimental
g 200 = = = Simulated
0
0 5 10 15 20 25
Displacement

Figure 9. Axial Compression (kN) v/s Displacement (mm)
curve for experimental and simulated model of Gupta
D4MA4FL.
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Table 1. Simulated V/S Experimental load carrying capacity of various models.

Outer Thick-  Interface fy ¢ Experi- Simulat- T,
Model name diameter  nesst lengthL  (MPa) (MPa) menta_l load ed Ioa_d Nsim/  (N/mm)
D (mm) (mm) (mm) capacity capacity Nexp
Negw (kN) N (kN)
Schneider C1;[4] 14000 300 62020 28500 28.18  703.00 88100 125  0.338
Schneider S1;[4] 15/% 315 55880 35600 3045  868.00 91700 106  0.327
Schneider R1;[4] 76x152 300 60800  430.00 3045 80100 81900 102 0312
Roeder I-1;[6] 27492 1346 75800 32400 2930  602.20 60333 103  1.022
Roeder 1-3;[6] 35562  7.11 106400 32400 27.90  366.00 36820 106  0.032
Roeder 1-3;[6] 60958 1118  1927.00 32400 2930  247.90 24930 100  0.007
gi]akoume"s C3 11443 398 30000 34300 3140  993.86 102943 097  1.026
[G7i]ak°“me"s Cl47 11454 384 30000 34300 9890  1359.00 142517 105 1416
[G7i]ak°”me'is C8 11504 492 30000 36500 10490 1787.00 170866 096  1.724
[S;]ki”c’ CCO-C-25 3900 454 71700  507.00 2540  3035.00 322800 094  0.624
[Sg‘]kino CC6-C83 23800 454 71400  507.00 77.00  5578.00 528000 106  1.029
[Sg‘]kmo CCO-D-25 26100 454 108300 52500 2540  5633.00 6000.00 094  0.501
Ellobody S1:[9] 11400  7.60 30000 34300 30.00  1554.20 156000 100  1.676
Ellobody S6:[9] 11400  2.85 30000 34300 30.00  798.50 75750 095  0.743
Ellobody S11;[9] 11400 207 30000 34300 30.00  654.30 56790 087  0.549
Ellobody S18;[9] 11400 163 30000 34300 70.00  791.10 76670 103  0.735
;o['i‘g]?"a C-303D 11430 335 34200 28733 3270  737.00 76340 104  0.659
8';)‘]’6”"‘ C-60-3D: 11430 335 34200 28733 5870  952.00 07132 102  0.839
82‘]’6""" C-80-3D% 11430 335 34290 28733 8880  1136.20 117362 103 1013
;ﬂg’]e"a C-1003D 41430 335 34200 287.33 10550 1453.10 131380 090  1.134
ﬁ‘g‘;’ta DAMSFL: 11256 289 33768  360.00 28.88  650.00 65797 101  0.581
ﬁ‘g‘]’ta DAMAFLS 11056 289 33768 36000 3667  764.15 75810 099  0.670
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Figure 10. Axial Compression (kN) v/s Displacement (mm)
curve for experimental and simulated model of Giakoumelis C-
3.
From the axial compression v/s displacement curve
for simulated and experimental model it can be
clearly observe that the variation in the plots of sim-
ulated models over experimental models have very
less deviation, and the trace of simulated curve re-
sults is as similar as the experimental curve results.
However, the variation of Ultimate load carrying ca-
pacity of simulated specimen and experimental spec-
imen with respect to infilled concrete compressive
strength and average bond stress mentioned in Ta-
ble-1 is shown in Fig.12 and Fig. 13 respectively.

1.4
1.2 "
1 = = =% = =
2 ¥ :
7 08
Z
7 06
0.4
0.2
0
0 50 100 150

Infilled concrete strength f'c (MPa)

Figure 11. Nsim/ Nexp V/s Infilled concrete strength fc (MPa).

14

0 0.5 1 1.5 2
Average bond stress T,, (MPa)

Figure 12. Nsim/ Nexp V/s average bond stress t. (MPa).

4.2 Interface Bond Stress

The mean bond- stress is implemented to character-
ize interface bond strength. According to Eq. (9), the
mean ultimate bond strength z,, given by:

= e, 9)

u L
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Here, Nu is ultimate load obtained from load-
deflection curve, and Li is the length of the steel and
infilled concrete interface, and C is the perimeter of
the infilled concrete section in contact with the steel
tube.[11]

2

15
E 1 Trend line
= .
[
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Figure 13. tu (MPa) v/s Interface length (mm) trend chart.

4.3 Compressive Strength of Infilled Concrete

The effect of compressive strength of infilled con-
crete on bond strength can be clearly seen in trend
chart in Fig. 15. From the trend chart it is clear that
the specimens having higher bond stress possess a
high value of compressive strength as it shows a
positive shift with increased strength of infilled con-
crete. The impact of infilled concrete strength has
been investigated and tried to relate it with the cross-
section segment size. Previously, it has been dis-
cussed and here also evaluated that the higher
shrinkage is related to the higher grade of infilled
concrete and it has progressive antagonistic impact
with increased size of cross section segment.
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Figure 14. ©, (MPa) v/s Infilled concrete compressive strength
(MPa) trend chart.

4.4 Bond-Slip Effect

The bond behavior of the steel tube and infilled con-
crete estimated by the mean bond stress (t), which is
the axial load divided by the area of the contact
edge. In this manuscript Bond slip analysis is the
part of investigation on account of parameters such
as infilled concrete strength and cross—section size. t
- S curve can be seen with respect to high and low
strength infilled concrete and larger and small size
cross-section. For infilled concrete as a parameter, t
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- S curves for high strength infilled concrete as
shown in Fig. 16 shows a sharp declining slope
when the value of mean bond stress is near to 1 MPa
and after that it follow a normal declining slope
when the value of mean bond stress is in between
0.7 and 0.1 MPa, after that is follows a second as-
cending slope when the value of mean bond stress is
smaller than 0.7, t-S curves for normal strength in-
filled concrete had a sharp declining slope when the
value of mean bond stress is near to or higher than
0.6 MPa and after that it follow a normal declining
slope when the value of mean bond stress is in be-
tween 0.5 and 0.6 MPa, after that is follows a second
ascending slope when the value of mean bond stress
is smaller than 0.5.
1.2
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0.8

0.6

Bond stress

0.4
High strength concrete

0.2 Normal concrete

0
0 10 20 30
Slip S (mm)

Figure 15 t, (MPa) v/s Slip (mm) for infilled concrete strength
variation.

For cross-sectional as a parameter, t-S curves as
shown in Fig. 17 for larger size cross section had a
sharp declining slope when the value of mean bond
stress is near to or higher than 1.8 MPa. When the
value of mean bond stress is between 1.2 & 1.7
MPa, t-S curves generally had a decreasing slope,
1-S curves for small size cross section had a sharp
declining slope when the value of mean bond stress
is near to or higher than 0.6 MPa. When the value of
mean bond stress is in between 0.4 and 0.6 MPa, t-S
curves generally had a decreasing slope, trailed by a
second mounting slope. When the value of mean
bond stress is smaller than 0.4 MPa, t-S curves often
did not have any dropping branch.
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Figure 16. 1. (MPa) v/s Slip (mm) for cross-section variation.
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4.5 Cross-Sectional Size Effect

The variation of bond-stress with respect to cross-
section is mentioned below in Fig. 18, it can be
clearly seen, that bond - stress have a reliable value
when the cross-sectional diameter is in between 100
-300 mm and after that the bond stress shows the de-
creasing trend for larger value of the diameter.
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Figure 17. 1w (MPa) v/s Diameter (mm).

Also, the variation of bond stress with respect to the
D/t ratio can be seen in the Fig. 19 below it also
shows a reliable value of bond stress when the D/t
ratio is in the range 20-60, and for large D/t ratio the

bond-stress start decreasing.
2.5

1.5 Trend line

120

Figure 18. tu (MPa) v/s D/t

5 CONCLUSIVE REMARKS

This manuscript introduces a finite element model
investigation for the simulation of concrete filled
steel tubular columns loaded axially using the finite
element program-based software package of
ABAQUS (ABAQUS 6.13, 2009). The simulation
technique endeavors to model mean bond stress of
short concrete filled steel tubular columns available
in literature. To judge the precision of the model, the
simulated ultimate load carrying capacity and the de-
formed shape were compared to the corresponding
values from the literature. It is revealed that the pro-
posed model can be used to forecast the axial capaci-
ty of stub steel tubular columns filled with concrete
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of compressive strength up to 100 MPa. The model
is also able to capture the local buckling of steel
tube, it is a common mode of failure of short CFST
columns. After validation, the proposed sample is
used to examine the mean bond stress variation with
various parameters such as interface condition, inter-
face length, cross-sectional geometry, infilled con-
crete strength, end friction. Under Sections 4.2, 4.3,
and 4.4 some trend lines and curves have been pre-
sented to investigate the effect of interface length,
concrete compressive strength, bond-slip, and cross-
sectional dimensions on the bond strength or bond
stress (tu). are presented by equation 9 which in-
cludes interface length of steel and infilled concrete.
And this interface length introduces the macro lock-
ing with the help of interface length.

After various aspects of the investigation the con-
cluded remarks are as follows:
5.1 Effect of interface condition
» The Ultimate mean bond stress is found distinct
for different interface condition, but the common
Governing factor for the interface bond condition is
macro locking.
« It is conveyed that the hardness of the steel tube
surface should be investigated on the microscopic
scale, as per the literature. It is also found that in
general steel tube surface starts moving before the
infilled concrete, so it is the macro locking of steel
surface which has to be countered first.
« It is found that the mean bond stress can increase
by providing slit ring inside the inner surface of steel
tube which can be fabricated by welding ring in ac-
tual practice.
5.2 Effect of interface length
« It is observed that the interface length has no
noteworthy impact on the mean bond strength, apart
from this macro-locking provides some possible ex-
tended commitment for bond strength.
» Macro locking additionally introduces the inter-
face friction because it has the fabrication tolerance
related with the internal surface of the tube. Its im-
pact is generally confined to the former phases of the
loading.
5.3 Effect of infilled concrete strength
« It is noticed that the compressive strength of in-
filled concrete distinctly affects the mean bond stress
of the samples in the normal condition.
 In general, increase in mean bond stress is associ-
ated with higher compressive strength of infilled
concrete.
» For the lubricated samples the compressive
strength of infilled concrete does not have any con-
siderable impression on the mean bond stress.
5.4 Effect of Cross-sectional Geometry and Dimen-
sion

It has been observed that the astonishing decrease in
mean bond stress is due to increase in the cross-
sectional dimension.
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5.5 Load v/s Deflection

« It can be noticed that the initial slope of the load —
deformation response attained by simulated samples
is greater than that its experimental counterpart.

« The displacement of in the simulated samples at
yield point is about 4 to 5 mm which is approximate-
ly 25% to 35% lesser than its experimental counter-
parts.

6 SCOPE FOR FUTURE RESEARCH

Despite thorough investigation in the topic some of
the points further need to be explored, which are
now in the future scope of the topic as follows:

« Effect of interface condition requires better un-
derstanding at microscopic level through experimen-
tally, which further needs the chemical composition
studies to improve interface condition.

« Further nonlinear investigation is required to
explore on the convergence criteria.

« Effect of inside stiffeners in the tube is also in-
cluded in the list of further investigation.
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