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Abstract: A kind of concrete-filled lattice rectangular steel tube (CFLRST) column was
put forward. The numerical simulation was modeled to analyze the mechanical
characteristic of CFLRST column. By comparing the load-deformation curves from the test
results, the rationality and reliability of the finite element model has been confirmed,
moreover, the change of the section stiffness and stress in the forcing process and the
ultimate bearing capacity of the column were analyzed. Based on the model, the
comparison of ultimate bearing capacity and ductility between CFLRST column and
reinforced concrete (RC) column were also analyzed. The results of the finite element
analysis show that the loading process of CFLRST column consists of elastic stage, yield
stage and failure stage. The failure modes are mainly strength failure and failure of elasto-
plastic instability. CFLRST column has higher bearing capacities in comparison with
reinforced concrete columns with the same steel ratio. In addition, the stiffness
degeneration of CFLRST column is slower than RC column and CFLRST column has
good ductility.

Keywords: Steel-concrete composite structure, concrete-filled lattice rectangular steel
tube column, nonlinear finite element, ultimate strength, ductility.

1 Introduction

Due to the great advantages, such as high strength, favorable ductility and good seismic
behavior, concrete-filled steel tubular columns have been widely used in the construction
of high-rise buildings [Liew and Xiong (2012)].

Generally speaking, if the cross-sectional areas are the same a square CFDT column
would have higher flexural stiffness than the circular column. Meanwhile, a square
column is easier to connect with the beam. Therefore, this paper will focus on the study
of square columns.

In this paper, A kind of concrete-filled lattice rectangular steel tube (CFLRST) column

was put forward. The numerical simulation was modeled to analyze the mechanical
characteristic of CFLRST column by using finite element software ABAQUS.
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2 Finite element modeling

A new type of rectangular concrete-filled steel tube column was presented in this paper,
as shown in Fig. 1 and Fig. 2. Through the welding of angle steel and rectangle steel plate
to form lattice rectangular steel tube, the stirrups were set around the steel tube, and the
reinforcing rebars were set up at the same time, at last the core concrete and outer
concrete were poured.

Angle steel

Steel batten
plate

= 7971 Angle steel

’ o ‘ ¢ || Steel batten
/ﬁ/ﬁlﬂ b, plate
Core concrete |<fe Eﬂ <

AT, N e q° -

ge & B Stirrups

-, 4 ) N 4

Outer concrete | 5« .l s of | _Longitudinal
rebars

N

o

Steel rebars

Figure 2: Cross-sectional diagram

The general-purpose finite element program ABAQUS was used in this paper to build a
FE model for CFLRST columns and RC columns. The 8-node brick elements with three
translation degrees of freedom attach node (C3D8R) were used to model the steel tube
and concrete; Truss element (T3D2) is the linear component can only withstand tensile
and compressive loads in space, which was used to simulate the stirrups and longitudinal
rebars. The FE model were shown in Fig. 3 and Fig. 4. The size of the model grid was
0.01 M, and the sweep grid division technique was used to divide the model, and the FE
model was set up 62958 units.
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2.1 Material properties

The damage-plasticity model was used in the FE model for simulate the concrete [Wang,
Tao and Yu (2017)]. The value of dilation Angle (y) was 35< which was determined by
Eqg. (1), the flow potential eccentricity was taken as the default value of 0.1; Calculated
by Eq. (2) the ratio of the compressive strength under biaxial loading to uniaxial
compressive strength (foo /feo) Was 1.16; Invariable stress ratio (K¢) was calculated by Eqg.
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(3), which was 0.667, the viscosity parameter was 0.0005 [Romero, Ibafez, Espinos et al.
(2016)].
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The relation model Saenz was used to simulate the concrete uni-axial compression stress
and strain relations, which is shown in Fig. 5.
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Figure 6: Steel constitutive relation

The constitutive relationship of steel tube, steel rebar is perfectly plastic model, which is
shown in Fig. 6.

2.2 The connection between steel and concrete

Surface-to-surface contact is usually used for the interaction simulation of the steel tube
and concrete. A contact surface pair comprised of the inner surface of the steel tube and
the outer surface of concrete core can be defined. “Hard contact” in the normal direction
can be specified for the interface, which allows the separation of the interface in tension
and no penetration of that in compression. The tangent contact can be simulated by the
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Coulomb friction model, in which the coefficient of friction between the steel tube and
concrete was taken as 0.4.

2.3 Boundary condition and solving method

In avoidance of the local buckling of the steel tube initiating at the ends [Uy (2001);
Young (2006)], the end plates and stiffeners were set in the FE model. All three
translational degrees of freedom can be restrained for the ends of the column except the
vertical displacement at the loaded end.

The finite element model was loaded by the displacement control, and the "Static
General™ algorithm was adopted in the analysis step, and the geometric nonlinear effect
was considered.

3 Analysis of finite element results
3.1 Strain and stress analysis

Fig. 7 shows the results of longitudinal strain of components in CFLRST column. From
the diagram, it can be seen that lattice rectangular steel tube, rebar and core concrete
generate the maximum deformation in the middle of the part when CFLRST column
failed. Moreover, the central deformation of lattice rectangular steel tube, rebar and core
concrete are 0.03523, 0.02879 and 0.03287, respectively, which demonstrates all the
parts have good synergistic effect.
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Figure 7: Longitudinal strain of components in CFLRST column

Longitudinal stress of all the parts in CFLRST column was obtained as shown in Fig. 8.
The diagram shows that rebar and lattice rectangular steel tube reached yield strength
when CFLRST column failed. In addition, Central concrete connected with angel steel
also reached ultimate compressive strength of concrete, which demonstrates that angel
steel has a strong blinding effect on core concrete.
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Figure 8: Longitudinal stress of components in CFLRST column
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Figure 9: Concrete stress nephogram of CFLRST column section

Fig. 9 shows that the stress distribution in the confinement area of the core concrete in
CFLRST column is round, and the distribution pattern is similar to that of the circular
concrete-filled steel tube column. Thus it can be seen that the core concrete constraint
effect of the CFLRST column is better than the traditional rectangular concrete filled
steel tube column.

3.2 Failure state analysis

The failure modes/deformation of CFLRST column have been simulated, which was
shown in Fig. 10.

The figure shows that CFLRST column failed by local outward buckling of the outer

lattice rectangular steel tube, and the buckling of the outer steel tube did not occur until
the outer concrete was crushed and angle steel buckled.
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Figure 10: The failure modes of CFLRST column

3.3 Comparison of ultimate bearing capacity
After the analysis, the vertical load - axial displacement curve of the CFLRST column
was shown in Fig. 11.

The figure shown that CFLRST column can be divided into four stages from loading to
failure: elastic stage and nonlinear rising stage from concrete cracking to steel tube
yielded, the strengthening stage of yielded steel tube and the decline stage after the
ultimate bearing capacity.
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Figure 11: Axial displacement-load curves of CFLRST column and RC column

For assessing the bearing capacity of CFLRST column directly, a finite element model of
reinforced concrete (RC) column with same section steel ratio was modeled. The load -
axial displacement curve of the RC column was shown in Fig. 12. The comparison of
bearing capacity between CFLRST column and RC column was listed in Tab. 1.
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Figure 12: Axial displacement-load curves of CFLRST column and RC column

Table 1: Comparison of bearing capacity between CFLRST column and RC column
Cracking  Yield Ultimate

chcllijnr?;n load load load

P P/kN  PJKN  Py/kN
CFLRST 51058  8996.06 11302.1
column
RC 387261 7129.96 9753.41
column

From Tab. 1, it can be seen that the bearing capacity of CFLRST column was higher than
that of RC column. Due to the constraint of outer lattice rectangular steel tube, the
cracking load of CFLRST column was 1.51 times of the RC column, the yield load of
CFLRST column was 1.26 times of the RC column, and the ultimate load was 1.16 times
of the RC column.

3.4 Stiffness degradation analysis of CFLRST column

In this paper, at first the calculation method from the paper Ho et al. [Ho and Dong
(2014)] is used to analyze the stiffness of column section K, which determined as follows:

il
A

Where P; is the i-level load, Ai is the mid-span deflection corresponding the i-level load.

K (4)
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Figure 13: Section stiffness-load curves of CFLRST column and RC column

Fig. 13 shows that section stiffness-load curves of CFLRST column and RC column,
respectively. In the diagram, the stiffness of CFLRST column lower significantly when
the load reaches 5842.58 kN, which is higher than cracking load of RC column with
3872.61 kN. Therefore, it can be found that the stiffness degradation of CFLRST column
was postponed in comparsion with RC column.When load reaches 8996.06 kN, the
stiffness of CFLRST column reduced further with buckling of angel steel.From the
picture, it can be seen that CFLRST column generate the second stiffness degradation
more lately.

3.5 Analysis of ductility

According to the definition method of the ductility of rectangular concrete-filled steel
tube column in paper Wang et al. [Wang, Tao, Han et al. (2017)], the ductility index of
the composite column was defined as:

DI =Agg, / A, (5)

Where, 4, is the axial displacement corresponding to the ultimate load; Assy is the axial
displacement corresponding to the load go down to 85% of the ultimate load. It was
calculated that the ductility coefficient of each column was shown in Tab. 2, where a
higher DI indicates a slower attenuation of load after the peak load.

In comparison with RC column, the DI of CFLRST column was improved from 1.286 to
1.529, which show that CFLRST column have a good ductility.

Table 2: Comparison of ductility between CFLRST Column and RC Column

Column specimen Dl

CFLRST Column 1.529
RC Column 1.286
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4 Conclusion

1. CFLRST column has high stiffness and bearing capacities, and its ultimate bearing
capacity is 1.16 times as high as that of reinforced concrete columns with the same steel
ratio.

2. CFLRST column can be divided into four stages from loading to failure. The load axial
displacement curve is "four folds line". The yield of lattice steel tube causes the
weakening and crushing of core concrete constraint, which is the sign of the ultimate
bearing capacity of the column.

3. CFLRST column has good ductility, and its ductility coefficient DI is 1.19 times that
of RC Column.
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