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Abstract. This paper takes thin-walled square CFST columns with lining tube as
the research object, aiming to conduct finite element analysis and parameter com-
parison on their axial compression performance. This member is a new type of
composite column, with internal steel lining tubes and outer steel tubes connected
by slot welds, which has the advantages of simplified manufacturing process and
good constraint performance. To further investigate the mechanical performance
of this member, Abaqus was used to conduct axial compression finite element
numerical simulation on 18 short columns in this paper. Through parameter anal-
ysis, the influence of inner lining to outer pipe, inner pipe strength, external steel
pipe strength, and concrete strength on the mechanical properties of components
is discussed. The results show that the lin ing significantly increases the load
carrying capacity of thin walled CFST columns, and also significantly improves
the ductility of the parts. Meanwhile, as the strength of the internal and external
steel pipes and the load carrying capacity of the parts increases, the strength of
the concrete also significantly affects the mechanical properties of the compo-
nents.
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1 Introduction

With the development of social economy, the construction industry has increasingly
high structural requirements for buildings, and traditional concrete structures can no
longer meet people's needs for safety, reliability, economy, and other aspects [1],
Because of its light weight and high stiffness, thin-walled steel pipe concrete structure
can improve the whole structure property of building, and it is widely applied in high
building, bridge and large span building. However, thin-walled steel tube concrete
structures have also encountered many problems during use, with the main problems
being corrosion of the steel tube and cracking of the concrete. To solve these problems,
researchers have started to study the technique of adding lining tube into thin-wall steel
pipe concrete [2].
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The technology of thin-walled steel tube reinforced concrete lining tube is to add
steel sleeves to the steel tube concrete structure, forming a structural form of sleeve
reinforcement [3]. This technology helps to control corrosion of steel tubes and
cracking of concrete, and improve the load-bearing capacity and durability of
thin-walled steel tube concrete structures. By using different forms and materials of
lining tubes, optimizing the strength, stability, deformation ability, and other aspects of
the components can further improve their performance. The method of stiffening ribs in
this paper is to connect the inner circular lining tube with the outer steel tube through
slot welds. ABAQUS is used to establish a finite element model and study the axial
compression performance of the reinforced thin-walled square steel tube concrete short
column with inner lining [4].

2 Model Design

The FEM model was designed for 18thin-wall square CFSTcolumns. The influence of
the thickness ratio of the inner tube to the outer tube, the strength of the lining pipe, the
strength of the outer pipe and the strength of the concrete on the axial compression of
the thin wall rectangular CFST column were investigated. The cross section of the
component is shown in Fig. 1, which is composed of three parts: outer steel pipe,
concrete column, and steel lining tube. The specific parameters of the model are shown
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Fig. 1. Schematic diagram of member.

Table 1. Design parameters

No.®  Specimen fii/Mpa® fio/Mpa® faurx/Mpa t/mmd  to/mm®  ti/t (;: )
1 SU-1 389 40 5.05 5.85
2 SC-1 389 389 40 2.83 2.83 1 5.85
3 SC-2 289 389 40 2.83 2.83 1 5.85
4 SC-3 339 389 40 2.83 2.83 1 5.85
5 SC-4 439 389 40 2.83 2.83 1 5.85
6 SC-5 489 389 40 2.83 2.83 1 5.85
7 SC-6 389 289 40 2.83 2.83 1 5.85
8 SC-7 389 339 40 2.83 2.83 1 5.85
9 SC-8 389 439 40 2.83 2.83 1 5.85
10 SC-9 389 489 40 2.83 2.83 1 5.85
11 SC-10 389 389 30 2.83 2.83 1 5.85
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No.®  Specimen f;i/Mpa® fyo/Mpa® fax/Mpa t/mm?  to/mm®  ti/t (;: )
12 SC-11 389 389 35 2.83 2.83 1 5.85
13 SC-12 389 389 45 2.83 2.83 1 5.85
14 SC-13 389 389 50 2.83 2.83 1 5.85
15 SC-14 389 389 40 2.57 3.03 0.85 5.85
16 SC-15 389 389 40 2.32 3.23 0.72 5.85
17 SC-16 389 389 40 2.00 3.43 0.58 5.85
18 SC-17 389 389 40 1.81 3.63 0.5 5.85

a. The length of the designed member (L) is 1020 mm, the diameter of square steel
tube (D) is 340 mm.The first specimen is a comparison specimen without a steel lining
tube.

b. fyi refers to the yield strength of the steel lining tube, fyo refers to the yield
strength of the outer steel tube.

c. tirefers to the thickness of the steel lining pipe, and to refers to the thickness of the
outer steel tube.

3 Establishment of Numerical Model

3.1 Material Constitutive

The ABAQUS Plastic Damage Model is applied to the concrete, and the Equivalent
Stress-Strain Relation is applied to the concrete properties. In the case of an inner lining
reinforced sample, a circular section concrete model is used [5].

4.1,
E=—7 (1)
A&fck
2x-x" (x<1)
2
Bo(x-1)" +x
Where: X =3 y = 0, = [ &, =(1300+12.5- f)-10. &, is the peak com-
&o Oy 0

pressive stress of concrete, &, is the corresponding peak compressive strain.

The steel (including outer steel tubes and lining tubes) adopts an ideal elastic-plastic
model [6] [7]. The stress-strain relationship is as follows:

Ee E<eg, ;
s = S/, £2¢, ®)

Where: f, is the yield strength of steel; Es is the elastic modulus of steel; &, is the
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yield strain of the steel, &, = Ey .

s

3.2  Establishment of FEM Model

Among the main parameters of the plastic damage model of concrete [6, 7], the ex-
pansion angle is 40 degrees, the flow potential deviation is 0.1, fbo/fco is 1.16, the
invariant stress ratio is 0.66667, and the viscosity coefficient is 0.0001; As shown in
Figure 2, The core concrete adopts 8-node solid element C3D8R, and the steel tube and
stiffener adopt shell element S4R.Through testing and comparing the accuracy of the
grid, 30mm was ultimately used as the global grid size. Using a structured grid parti-
tioning method, try to align the grid nodes of steel tubes, lining tubes, and core concrete
as much as possible; The contact between the outer steel tube and concrete adopts
surface to surface contact, with the concrete surface as the main surface and the inner
surface of the steel tube as the secondary surface. The contact in the normal direction
adopts "hard" contact, and the contact in the tangent direction adopts "penalty" friction,
with a friction coefficient of 0.6; Between the lining tube and the concrete, a simulation
method is adopted by embedding the lining tube into the concrete. To simulate the
effect of slot weld, the corresponding slot welds positions of the lining tubes and outer
tubes are connected by tying, with the lining tube as the main node; Establish rigid body
constraints on the upper and lower end faces of the column and the reference point, set
the column bottom as the fixed end, use displacement loading method, apply axial
displacement to the upper reference point, and transfer the load to the model through
the rigid surface [8-10].
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Fig. 2. Establishment of model.
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4 Finite Element Analysis Results

For the purpose of analysing the stress evolution of the individual parts of the assembly,
on the basis of a series of graphs (Figure 3-7) drawn on the basis of the finiteMeta-
computing results, that is to say, the initial yield point of the steel pipe 1, the peak point
2, and the limit point 3 at which the load falls to 85% of the peak point load. Based on
the SC-1 model, the stress evolution of steel pipe and concrete at every characteristic
moment is introduced in detail.

At the initial yield point, the total stress on the core concrete is more uniform, and
the corner stress is slightly higher. The stress variation of outer steel pipe is relatively
small in the height range of the column, and the steel in the corner of the column is the
first to yield. The stress distribution in cross section is relatively uniform, but its lon-
gitudinal stress is less than that of outer steel pipe.

1

Fig. 4. Longitudinal stress of outer steel tube Fig. 5. Circumferential stress of outer steel tube
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Fig. 6. Longitudinal stress of steel lining Fig. 7. Circumferentiall stress of steel lining
tubes tubes

At the peak, the longitudinal compressive stress in the cross section of the column is
obviously higher than the original yield point, and there are many concentric circles in
the stress distribution. The stress in core area and corners increases significantly. Most
areas of the outer steel tube yield without significant buckling. Most of the areas of
thelining tube yield, and there is a hysteresis effect of longitudinal stress along the cross
section. The circumferential stress of the lining also increases significantly compared to
the initial yield point.

At the limit point, the longitudinal stress pattern of the core is changed from circular
to square, and the four side concrete is out of work. Nearly all external steel tubes yield,
and there is obvious deformation near the center. The steellining tube almost com-
pletely fails.

5 Parameter Analysis

5.1  Strength of Outer Steel Tubes

Figure 8 illustrates the load-carrying curves of the members with different external
steel tube stiffness. Compaying with thin wall CFST columns without lining, the
bearing capacity of thin-wall CFST columns with liner pipe is significantly increased,
and the ductility of the descending section is better. With the increase of the yield
strength of the steel, the initial rigidity of the members does not change significantly,
and the bearing capacity of the members is increased obviously. There is no significant
change in the ductility of the descending segment.
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Fig. 8. Load-displacement curve under the Fig. 9. Load-displacement curve under the
influence of outer steel tube strength influence of thickness ratio between liner
and outer tube

5.2 Thickness Ratio of Liningr to Outer Tube

Figure 9 illustrates the load-displacement curves of components with different lining-
and outer-tube thickness ratios. When the content of steel is constant, the thickness of
lining pipe is larger, and the bearing capacity is larger. There is no significant change in
the initial stiffness and ductility of the member duringingly.

5.3 Concrete Strength

Figure 10 illustrates the load displacement curve of the component with concrete
strength as a variable. The ultimate bearing capacity of the composite column is in-
creased by 6.48%, 6.02%, 5.96% and 5.38% for each 5 MPa. The initial stiffness of the
component increases as the strength of the concrete increases, but the downward trend
is steeper, which leads to a lower ductility of the component.

N,=7783.00KN N,=7783.00KN
N.=7385.74KN 3000 N.=7783.00KN
=6970.47KN P N.=7783.00KN

574.38KN 7000 e Nims00kN
=

- :ﬁg‘:: N.=7783.00KN
- — -
=

6000 < ,f T~

swod [

P(KN)

4000 o I

3000 4
/

20004 *

10004,

Fig. 10. Load-displacement curve under the ~ Fig. 11. Load-displacement curve under the
influence of concrete strength influence of steel lining tubes strength
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5.4  Steel Lining Tubes Strength

Figure 11 shows the load displacement curves of components withdifferent liner
strength. As the yield strength of the steel lining tubesincreases, there is no significant
change in the initial stiffness of the member. When the strength of the lining tube
increases from 289 MPa to 489 MPa, thebearing capacity of each component signifi-
cantly increases. There is nosignificant change in the ductility of the descending seg-
ment.

6 Conclusion

In this paper, a non-finite element method for the axial compressive properties of
thin-wall rectangular concrete columns with circular liner is presented:

(1) Local buckling of thin-wall rectangular CFST columns is delayed by the re-
inforcement of circular lining tubes, which can effectively improve the axial per-
formance of thin-walled rectangular CFST columns.

(2) For thin-walled square CFST columns with circular steel lining tubes, im-
proving the strength of the inner and outer tubes as well as the strength of con-
crete can improve the ultimate bearing capacity of components, with concrete
strength having the greatest impact on the ultimate bearing capacity. In addition,
increasing the strength of concrete can also increase the initial stiffness of the
component.

(3) When the steel content is constant, the ratio of the thickness of the lining
tube to the thickness of the outer tube increases, and the ultimate bearing capacity
of the member increases.

It should be noted that the results of this study and the proposed axial re-
sistance model can be easily applied to thin walled CFST structures (B/t = 80).
But the linerstiffened CFST columns with discontinuous slotweld can also be used
in conventional thick CFST columns, which has the advantage of reducing weld-
ing-up while increasing confinement. Related research projects need to be further
carried out.
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