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Abstract

Concrete filled steel tube structures are becoming very popular in the modern civil
engineering projects. Studying composite structures is useful, since it is an innovative and
contemporary way to build structures. This type of structure has the ability to use respective
strength of both steel and concrete due to confinement. Prefabrication of steel tube section
is beneficial, and allows rapid installation into main structure. It also reduces the assembly
cost and construction time. This paper will present the simple equation to predict the
compressive strength of square concrete filled steel tube by using Finite Element Analysis
(FEA)based software ABAQUs. In this study, 3D non-linear finite element models of short
square composite columns were prepared using ABAQUS. The results were compared with
published experimental tests of a concrete filled steel tube short columns. After getting the
good agreement with the experimental results, a simple equation for the prediction of
compressive strength is presented by considering the width to thickness ratio of steel tube.
Results are validated with experimental results. The equation can predict the compressive
strength only for the given material strengths and in future, the simple equation can be
improved by considering different parameters e.g. material strength, slenderness ratio and

end conditions.

1. Introduction

Studying composite structures is valuable since it is an innovative
and contemporary way to build structures and benefit from different
materials in a various way. Additionally, it will encourage future
researchers to try and follow this approach. Composite columns are
constructed using various combinations of structural steel and
concrete to utilize the beneficial properties of each material. The steel
carries the axial load and confines the concrete. Furthermore, the
concrete doesn't need formwork, that will reduce the construction
cost and time, and the concrete will take the axial load and delays the
local buckling of the steel. There have been many research studies
regarding thin-walled structures, including many geometric
properties and types of loads [1].

Concrete-filled steel tubular (CFT) columns are being used in these
days a lot, because of its advantages. Thus, they are used in many
sectors like multi-story commercial buildings, bridges and industrial
buildings. These composite structures provide earthquake resistant
properties, such as high strength, high ductility, high stiffness, and
large energy-absorption capacity. Due to their strong features, Bashir
et al (2008) started research on Steel concrete composite structure
system to develop the its design method. This type of structure has
the potential to use respective strength of both steel and concrete due
to confinement. Prefabrication of steel tube section is possible, and
allows rapid installation into main structure. It also reduces the
assembly cost and construction time [2]. Constitutive models for
confined concrete are very important for the numerical simulation of
these type of structures. Bashir et al. (2010) presented the modified
equation for fracture energy of confined concrete for the simulation
of post peak behavior of confined concrete [3]. Based on this modified
stress strain model, parametric analysis on the moment anchorage
capacity of concrete filled steel box footing (CFSB) was carried out by
using the 3D finite element program CAMUI [4]. Bashir et al. (2016)
presented the numerical simulation of axial anchorage capacity of

Concrete-Filled Steel Box Footing and results showed good agreement
in terms of ultimate load capacity, but post-peak part of load
deflection curve was not predicted precisely [5].

The main objective of this paper is to present the simple equation that
will predict the compressive strength of square concrete filled steel
tube by using Finite Element Analysis (FEA) based software ABAQUs.

1.1. Current Code Provisions Review for Square CFT Columns

Prediction of axial capacity of CFT columns described in different
codes, are provided as follows.

The AlLJ code (2001)

Nav = 0.85 Faiy,100 Ac +1.27 Fy As 1)
where Fayi00 = concrete compressive strength with 100 x 200 mm
cylinder tests; Ac = the cross-sectional area of the concrete; As = the
cross-sectional area of the steel tube; and Fy = the yield stress of the
steel tube.

The AISC code (2005)

‘When Pe = 0.44P,
Po
Po [0.658Pe] @

‘When Pe < 0.44P,

NAISC = 0.877P. (3)
‘Where
Po=Fy As +0.95F aiy,150 Ac (4)
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_ 2 (EDesp1 ©)
(KL)
(ED)efr = Es1 Is +C3Ecq Ic (6)
As
C3=0.6 +2( Ac+As) (7)

where fayiso = concrete compressive strength with 150 x 300 mm
cylinder tests; KL = effective length of the column; Es: = the elasticity
of the steel modulus = 2 x 10°> MPa; Ea = elastic modulus of concrete =
4730 (fayaso)/? (MPa); (EDesrs = effective moment of inertia rigidity of
composite section; and Is and I. = moment of inertia of steel tube and
concrete core, respectively.

The Chinese Code DL/T (1999)
Nor/r= Fscy Asc (8)

Agc=As+ Ac 9

2. Methodology

Various computer packages are available now a days and finite
element analysis can be used with high accuracy. So due to the high
accuracy, economy and multi-functional capability, ABAQUS was
chosen for numerical simulation.

2.1. Constitutive model For Steel

The details of specimen are shown in Table 1. The stress-strain curve
used for the steel tube is assumed to be elastic-perfectly plastic.

2.2. Constitutive model for concrete

The compression stress-strain model used for the concrete is the
Modified Hognestad model shown in Figure 1. The tensile stress-
strain curve used for the concrete is shown in Figure 2. Table 1 show
the cross sections, geometry and material properties for square and
rectangular CFT, these specimens are modeled in ABAQUS according
to details given in the experimental study by Schneider et al. [6].

Table 1. Properties of CEFT Columns (Schneider et al.)

Column size T B/T Length fy fc (MPa)
(mm) | (mm) (mm) (MPa)
S5 127 x 7.47 17 609.6 347 23.8
127
R1 76 x 3 50.8 608 430 30.454
152
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Figure 1 Stress-strain curve for concrete in compression
(Modified Hognestad)
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Figure 2 Tensile stress-strain curve of concrete

3. Results and Discussions

3.1. Effect of changing mesh sizes on the load-deflection curve of
R1:

Different mesh sizes were used in the Rectangular column to study
the effect of mesh sizes on the load-deflection curve of Rectangular
column. A load deflection curve was plotted using different mesh sizes
(15, 25, and 30mm). Results are shown below in Figure 3

Mesh 25 mm

Mesh 30 mm

Mesh 15 mm

10 15 20 25 30

Deflection {mm)

Figure 3 Load-def curve for different mesh size

As can be noted in Figure 3, the effect of changing mesh sizes on the
load-deflection curve is very negligible. The critical stress (Fe:) was
used instead of the yielding stress (Fy) for steel in the ABAQUS.

3.2. Using the critical stress F.: instead of Fy in R1 model:

It can be noted in Figure 4; the yielding point was reduced as
comparing to Figure 3. Therefore, use of critical stress (Fu)for steel
material in simulation, instead of the yielding stress (Fy), shows good
agreement with experimental results
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Figure 4 Load-def curve for using Fer
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3.3. Effect of confinement pressure:

A load-deflection curve by considering the normal concrete stress
strain model for S5 was plotted and compared with the experimental
load-deflection curve.

2500

2000

—— ABAQUS normal
concrete

Load (KN)
g
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o 5 10 15 20 25 30
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Figure 5 Load-def curve for using normal concrete stress strain
model

As shown in Figure 5, the maximum load that causes a 20mm
deflection in the ABAQUS model is less than the experimental
maximum load. These kinds of results were expected since the
confinement effect was not considered. Therefore, the application of
the confinement effect is necessary to produce realistic and similar
results to the experimental study.

3.4. The procedure of including confinement effect to S5:

Therefore, to apply the confinement effect, the stress-strain model of
the confined concrete had to be used. Mander et al. presented a stress—
strain relation of confined concrete as shown below [7].

fe=(f ccxr) / (r-1+x7) (10)
f‘cc=f‘co+k1fl 11

(k1 is a function of the concrete mix and the lateral pressure, a value
of 4.1 can be used as per Mander et al. [7])

X= & [&c (12)

Ecc=Ecol1+5(f e/ f co)-1)] (13)

7 =(Ec/(Ec=Esed) (14)

Esec=(f"cc/€cc) (15)
‘Where:

fec = compressive strength of confined concrete,
& =longitudinal compressive concrete strain,

feoand & = the unconfined concrete strength and corresponding
strain,

Ec = Young’s modulus of concrete,

Esec = (secant) Young’s modulus of concrete (approximately 0.7-
0.85E0).

The confining pressure for a square section was presented by

Lingola et al. as following [8]:

4Esec Es ts ¢l
25 Esec L+ +12Es ts(5+2v)

fisq= (16)

‘Where:
Es = Young’s modulus for the steel wall,

ts = the thickness of the steel wall,

L = the half length of a side of the square cross-section,
v = Poisson ratio (dilation ratio) at failure.

v was fixed equal to 0.2. While more refined value can be based on the
iterative evaluation

V=(€1/&cc) 17)

3.5. Applying the confinement effect to the square section:

A value of the confining pressure fi had to be found, which is a
function of different variables including & which is unknown.
Therefore, in order to find a reasonable value of &), €« wWas assumed
instead of €. It was assumed that the peak strain of the confined
concrete approximately equal to ultimate strain of the normal
concrete.

The value of & was calculated to be 0.006

E=VEc = 0.2 x 0.003 = 0.0006

Substituting in Equation (16):

fisq=0.41 MPa

Substituting in Equation (11):

fec= (21.4)+(4.1)(0.41) = 23.07 MPa

Substituting in Equation (13)

Ecc= Eco[1+5((23.07/21.4)-1)] = 0.00222

Substituting in Equation (15), and Equation (14):

Esec = (23.07/0.00222) = 10390.62

T =(23528/(23528-10390.62)) = 1.7909

Hence, in order to draw a stress-strain curve for the confined
concrete, incremental values of strain were substituted in Equation
(12) and then Equation (10) was used to draw the curve. Following is
an example for a strain = 0.0002:

Substituting in Equation (12):

Thus, from Equation (10):
fc=((23.07x0.090079%1.7909) / (1.7909-1+0.090079*7°%)) = 4.627

The calculation was done using Microsoft Excel, the stress-strain
model of S5 was found as shown in Figure 6.

10 = Confined concrete

Stress (MPa)

—@—normal concrete

0 0.002 0.004 . 0.006 0.008 0.01
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Figure 6 Stress strain curve for confined and normal concrete

As shown in Figure 6, the peak stress of the concrete was increased.
Therefore, the effect of confined concrete was included in S5 model to
improve the results obtained from normal concrete stress strain
model. The constitutive model of the confined concrete was
considered in ABAQUS and load-deflection curve was found for square
section S5 as shown in Figure 7.
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Figure 7 Load- deflection curve for S5
3.6. Effect of changing B/T ratio on the confinement pressure:
Different models with square cross section were made by varying the
B/T ratios in order to study their effect on the load capacity. Details of

the specimens for three cases are shown in Table 2.

Table 2 B/T ratio for three cases

For a fixed width B= 127 mm

Case/Thickness T in mm Ratio
Case 1 7.47 17
Case 2 5 25.4
Case 3 3 42.3

Using the values in Table 2, a load - deflection curve was plotted for
each case and the yielding load was recorded. Hence, a load ~ B/T ratio
curve was plotted to predict the simple equation for strength.

Load-B/T curve
1600

1400

1200 y=-719.9in{x) + 3470.7
R =0.995
1000

E00 —&— B/T ratios

Load (kN)

B/T
Figure 8 Load ~ B/T curve

From Figure 8, it can be noted that the increase in B/T ratio (by
reducing the thickness) reduces the load capacity of the column.
Additionally, a simple equation was developed to calculate the failure
load for yielding of a section using B/T ratio. The strength results
calculated by this simple equation are compared with the
experimental results and it shows reasonable agreement. (see Table 3)

F =-719.9In(x) + 3470.7 kN.

(Where x is the B/T ratio).

Table 3 Comparison of experimental and equation results

Experimental Yielding
Column B/T yielding strength strength from
formula
SU-17 17 1600 1431
SU-022 22 1200 1245
SU-029 29 975 1047

4. Conclusions
Following conclusions are made based on this study:

. Different mesh sizes do not affect the load-deflection curves
of a model.

. A load-deflection curves of square composite column with
confined concrete stress strain model shows good
agreement with the experimental results.

. A simple equation for the prediction of compressive
strength is presented by considering the width to thickness
ratio of CFT column and results are validated with
experimental results.

5. Limitation of the equation

The equation, developed in this paper, can predict the compressive
strength only for the given material strengths.

In future, this equation can be improved by considering different
parameters e.g. material strength, slenderness ratio and column end
conditions.
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