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Abstract 
In order to study the effect of gap on the behavior of concrete filled square steel tubular 
short columns, a reasonable finite element analysis model was established. The results 
show that the simulation is in good agreement with the experimental curve. Based on the 
above results, the mechanical behavior of concrete-filled square steel tubular stub 
columns under axial compression is studied, the failure mode, load-strain relationship, 
internal force distribution between the steel tube and the core concrete, the section 
stress of the core concrete, the influence of the void on the axial bearing capacity of the 
model, and the contact stress are analyzed. The results show that gap reduce the ultimate 
bearing capacity of specimens under axial compression; when the separation ratio 
increase to 0.92% , the bearing capacity is reduced by 5% ; when the single separation 
ratio increase to 2.08% , the bearing capacity is reduced by 10% . Gap leads to the 
reduction of the bearing capacity of core concrete due to the lack of steel tube constraints, 
which should be reduced or avoided in practical engineering. 
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1. Introduction 

With the continuous development of society, high-rise buildings, large-span structures, heavy loads 
and other building structures have emerged. Concrete-filled steel tube (CFST) has been widely used 
in engineering due to its high bearing capacity and good seismic performance [1][2]. 

However, in the construction process, there will be voids between the core and the steel pipe due to 
improper concrete ratio, construction technology, maintenance and other reasons, which will affect 
the performance and life of the structure [3]. Therefore, it is of practical significance to study the 
effect of voiding disease on the mechanical properties of components for the safety of CFST 
structures. 

At present, many scholars have done a lot of theoretical research and experiments on the mechanical 
properties of CFST. Yang Youfu et al. [4-5] found that the reinforcement measures significantly 
improved the mechanical properties of the specimen through the study of ribbed CFST columns; 
literature [6-8] found that the defects located on the side of the tube wall were not effective for the 
CFST column. The bearing capacity of CFST has a greater impact, and the impact of void defects is 
greater than that of hole defects; Ye Yuezhong [9] conducted an axial compression test on 120 
debonded CFST medium and low-length columns and found that the debonding caused a sharp 
decrease in the bearing capacity. , the deflection and longitudinal strain increase. Therefore, it is of 
great significance to further study the effect of void defects on CFST members. 

Because the experimental research is limited by the experimental conditions, it is very inconvenient 
to carry out a large number of experimental researches. At this time, it is a good solution to use the 



International Core Journal of Engineering Volume 8 Issue 4, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202204_8(4).0083

 

693 

finite element software ABAQUS for numerical simulation analysis. Reference [10-12] studied the 
mechanical properties of the CFRP-wrapped circular concrete-filled steel tubular specimens with 
voiding defects through experiments and finite element simulations, and showed that the ultimate 
bearing capacity decreased with the increase of voiding ratio; Ye Yong [13] completed the finite 
element analysis of the axial compression performance of the CFST short column with the hoop void, 
and determined the critical value of the hoop void rate to be 0.4%; Liao et al. The CFST specimens 
were subjected to stress analysis calculations under axial compression [14], eccentric compression 
[15], pure torsion [16], shear [17], long-term load [18], and repeated load [19]. In conclusion, the 
finite element software has strong reliability for the analysis of mechanical properties of components 
under multiple working conditions. 

According to the results of the literature [1] and introducing the concept of voids, the ABAQUS finite 
element software was used to establish a CFST short column with void defects for finite element 
analysis. The law of force performance influence provides a reference for subsequent related research. 

2. Finite Element Model Establishment and Verification 

2.1 Meshing and Interface Contact 

For the CFST short column, the steel tube adopts the shell element (S4R) model in the four-node 
reduced integration format, and the core concrete and end plates adopt the three-dimensional solid 
element (C3D8R) model in the eight-node reduced integration format. After trial calculation, the grid 
size is taken as 1/10 of the side length of the square steel pipe as 15mm. Figure 1 shows a schematic 
diagram of the model unit division. 

The contact between the steel pipe and the core concrete and the contact between the end plate and 
the steel pipe adopt the interface model of surface-to-surface contact. In this paper, the normal 
direction of the interface between the steel pipe and the concrete is defined as “hard” contact, and the 
tangent direction is defined as the “Coulomb friction” model. Reference [20] takes the friction 
coefficient μ=0.6. Define the steel pipe as the main surface, the concrete as the secondary surface, the 
contact surface between the end plate and the steel pipe and the end plate and the concrete to select 
the end plate as the main surface, and the steel pipe and the concrete as the secondary surface. 

2.2 Boundary Conditions and Loading Methods 

Displacement-controlled loading is applied to the model, and a reference point is defined at the end 
of the applied load to create a coupling constraint with the compression surface to ensure that the end 
face of the model is uniformly stressed. For CFST axial compression members, the upper end plate 
constrains the degrees of freedom in other directions except for the axial direction, and at the same 
time constrains the displacement of the bottom of the lower end plate in the three directions of x, y, 
and z. 

 

 
(a)Overall test piece   (b)Square steel pipe   (c)Core concrete   (d)End plates 

Figure 1. Schematic diagram of the finite element model 
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2.3 Constitutive Relation Model 

2.3.1 Steel Constitutive Relation 

Q235 grade low carbon mild steel is used in this simulation, and a three-stage ideal elastic-plastic 
model obeying the Von.Mises model is used in this paper. This model can well reflect the whole 
process relationship of steel stress and strain. The stress-strain relationship curve is divided into 
elastic stages ( oa), elastic-plastic stage (ab), plastic stage (bc), strengthening stage (cd) and secondary 
flow plastic five stages [1]. Figure 2 shows the steel stress-strain curve reduced to polyline segments. 
Where fy is the yield strength of the steel, and fu is the ultimate tensile strength of the steel. 
 

 
Figure 2. Stress-strain curve of steel 

2.3.2 Constitutive Relation of Core Concrete 

The core concrete adopts the damage plasticity [21] model provided by the ABAQUS finite element 
software. According to the "Code for Design of Concrete Structures" GB50010-2010 [22], the 
damage plasticity parameters of the core concrete are calculated as shown in Table 1. The core 
concrete adopts the damage model based on isotropic plasticity in tension and compression, which is 
used to express the nonlinear behavior of concrete. 
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In the formula: ξ is the constraint effect coefficient, ξ=Ayfy/Acfck, Ay and Ac are the cross-sectional 
areas of the steel pipe and the core concrete respectively; fy is the tensile strength of the steel; fck is 
the axial compressive strength of the concrete Intensity standard value; β0 is a coefficient related to 
ξ. 
 

Table 1. Parameters of core concrete damage plasticity model 

ψ/(°) ε σb0/σc0 K μ 

30 0.1 1.16 0.667 0.0005 

Note: where ψ is the dilatation angle, ε is the flow potential eccentricity of the plastic potential energy 
equation, σb0/σc0 is the ratio of the biaxial and uniaxial compressive ultimate strength of concrete, 
K is the ratio of the second stress invariant on the tensile and compressive meridians, μ is the viscosity 
coefficient. 
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2.4 Model Validation 

In order to verify the finite element model proposed in this paper, the finite element simulation of the 
axial compression short column in reference [1] is carried out, and the specific parameters of the 
specimen are shown in Table 2. In reference [24], the ultimate bearing capacity of the CFST axial 
center is calculated as follows: 

 

Nu=fscyAsc, fscy=(1.18+0.85ξ)fck                        (3) 

 

which ξ=fsAs/fckAc, fck=0.67fcu; fscy is the axial compressive strength index; Asc is the cross-
sectional area; As is the steel pipe area; Ac is the core concrete area. 

Substituting the parameters of the specimen to be verified into the above formula, the axial 
compressive bearing capacity results are 1305.9kN and 1138.2kN, respectively, and the finite element 
simulation results are 1263kN and 1123kN respectively. Compared with the test results, the difference 
is 5.7% and 1.6% respectively. 

Figure 3 shows the comparison between the finite element simulation results and the test results. It 
can be seen from Figure 3 that the load-strain curve of the specimen has two stages of rising and 
falling. Because the rising stage is an elastic stage, the loading curve is close to a straight line. Due 
to the restraint effect And make the specimens rise in different degrees after the bearing capacity 
decreases. According to the comparison of the N-ε curve, the finite element method has obtained the 
calculation results which are in good agreement with the test results. The simulated curve of the 
specimen reaches the ultimate bearing capacity earlier than the test, which may be caused by the 
friction between the bearing plate and the end plate during the test. 

 

Table 2. The main parameters of the specimen and the simulation results 

Number B/mm t/mm fcu/MPa fy/MPa Es/MPa Nu,e/kN Nu,c/kN Nu,c/ Nu,e 

1 150 4.3 33 300 2.06×105 1336 1263 0.95 

2 150 2 43.2 348 2.06×105 1141 1123 0.98 

Note: where B is the length of the outer side of the steel pipe, t is the wall thickness of the steel pipe, 
L is the length of the specimen, fcu is the compressive strength of the concrete cube, fy is the yield 
strength of the steel, Nu ,e are the test values of the axial compressive bearing capacity, Nu,c It is the 
simulation value of axial compression bearing capacity. 

 

 
Figure 3. Comparison of finite element simulation results and experimental results 
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3. Finite Element Simulation Results and Analysis 

3.1 Finite Element Calculation Results 

According to the existing research results [25-26], the void rate is defined: 

 

χ=V/ V0                                 (4) 

 

In the formula, χ is the void ratio of components; V is the volume of defective concrete; V0 is the 
volume of core concrete.  

In order to study the influence of the voided CFST short column under axial compression, two groups 
of CFST columns with void defects were designed. The local void model is group B, and the void 
height is set to 150mm. , the unilateral void is group C, and the void height is 450mm. When studying 
the axial compressive properties of square steel tube concrete, a standard specimen with an aspect 
ratio of L/B=3 was used, and the material parameters are shown in Table 3. In the actual project, the 
debonding thickness is less than 2mm, and the main parameters of the design model are shown in 
Table 4. 

 

Table 3. Material parameters 

Steel parameters                Concrete Material Parameters 

B/mm t/mm fy/MPa Es ν fcuk/MPa Ec ν 

150 3 300 2.06×105 0.3 40 2.6×104 0.2 

 

Table 4-1. Local voiding parameters and simulation results 

model number 

 

void size 

d/mm 

escape height 

d/mm 

void rate 

% 

simulated bearing capacity 

Nu,c/kN 

β 

B-U-1 1 150 0.23 1165.0 0.974 

B-U-2 2 150 0.46 1159.3 0.969 

B-U-3 3 150 0.69 1145.9 0.958 

C-M-1 1 150 0.23 1157.3 0.968 

C-M-2 2 150 0.46 1150.5 0.962 

C-M-3 3 150 0.69 1136.6 0.950 

 

Table 4-2. Unilateral voiding parameters and simulation results 

model number 

 

void size 

d/mm 

escape height 

d/mm 

void rate 

% 

simulated bearing capacity 

Nu,c/kN 

β 

D-0.5 0.5 450 0.35 1140.2 0.953 

D-1 1 450 0.69 1112.6 0.930 

D-2 3 450 1.39 1097.7 0.918 

Note: Group A is a defect-free specimen, Group B and C are a partial void specimen, and Group D is 
a unilateral void specimen; U means the defect is at the top of the column, M means the defect is in 
the column, and the number indicates the test piece. The void thickness of the piece. 
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3.2 Analysis of Results 

3.2.1 Destruction form 

Numerical simulation is carried out on the designed specimen, and the deformation diagram and 
Mises stress cloud diagram are obtained (see Figures 4-7). It can be seen from Figure 4 that the failure 
form of the specimen without voids is a typical crumpling failure, local convex curvature appears 
along the height direction of the specimen, and a large bulge is formed in the column, which is similar 
to the test of the axial compression short column. The failure patterns of the samples are the same; 
Fig. 5The failure of the partially hollowed specimen is mainly concentrated in the hollowed position, 
and the bulge on one side of the hollowed out is more obvious; Fig. 6 shows the failure pattern of 
unilateral hollowing out The same with the failure mode of partial voiding is that there are more 
bulging waves on the voiding side, but the difference is that the bulging of unilateral voiding mainly 
occurs in the middle of the column. 

 

 

 

(a)Steel Pipe              (b)core concrete 

Figure 4. Failure state of specimen A-0 without void 

 

 
(a)Steel Pipe              (b)core concrete 

Figure 5. The failure state of the partially hollowed specimen B-U-2 
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(a)Steel Pipe            (b)core concrete 

Figure 6. The failure state of the partially hollowed specimen C-M-2 

 

 

 

(a)Steel Pipe             (b)core concrete 

Figure 7. Destruction state of unilateral hollow specimen D-1 

3.2.2 Load-strain Relationship Curve 

Define the bearing capacity reduction factor: 

 

β= Nu,c/Nu,c-A0                             (5) 

 

where Nu,c is the simulated bearing capacity of the hollow specimen; Nu,c-A0 is the simulated 
bearing capacity of the non-voided specimen; the finite element calculation results are shown in Table 
4. Figure 8 shows the comparison between the simulation results of the two groups with voided 
defects and the simulation results of non-defective specimens. It can be seen that voiding weakens 
the axial load bearing capacity of the model to a certain extent. With the increase of void ratio, the 
axial load bearing capacity gradually decreases. With the continuous increase of the strain, the bearing 
capacity curve decreased and then showed an upward trend, but the curves basically overlapped 
before reaching the ultimate bearing capacity, indicating that the voiding of the core concrete had 
basically no effect on the stiffness of the CFST at the initial stage. 

 



International Core Journal of Engineering Volume 8 Issue 4, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202204_8(4).0083

 

699 

 
(a)                                            (b) 

 
(c) 

Figure 8. Load-strain curve of partial void 

3.2.3 Internal Force Distribution of Steel Tube and Core Concrete 

The improvement of the bearing capacity of the CFST is essentially the constraining effect of the 
square steel tube on the concrete, and the supporting effect of the core concrete on the steel tube 
increases the bearing capacity of the CFST. 

Figure 9 shows the distribution of the axial load of the steel pipe and the core concrete in the whole 
process by taking the no-void model A-0 and the void model D-1 as examples. It can be seen from 
Figure 10 that the generation of voids changes the trend of the core concrete curve, and voids cause 
the core concrete to lack the restraint of steel pipes and reduce its bearing capacity. 

 

 
Figure 9. Internal force distribution of steel tube and core concrete 

3.2.4 Core Concrete Section Stress 

Figure 10 shows the longitudinal stress distribution of the core concrete when the axial pressures P 
are P=0.26Pp, P=0.65Pp, P=0.79Pp, and P=Pp, respectively (Pp is the square steel pipe). ultimate 
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bearing capacity of concrete). The 1/4 core concrete model is selected due to the symmetry of the 
CFST. When P=0.26Pp, the core concrete has not been constrained by the outer steel pipe, and the 
longitudinal stress of the core concrete is 0.47fc; when the steel pipe enters the elastic-plastic stage, 
P=0.65 Pp, the stress of the core concrete at the corner increases rapidly; when P=0.79Pp, the core 
concrete begins to be constrained by the outer steel pipe, but has not yet reached the ultimate bearing 
capacity, and the longitudinal stress of the core concrete exceeds the uniaxial compressive strength 
of the concrete, and The concrete stress in the corners grows faster than that in the middle; when 
P=Pp, the member reaches the ultimate bearing capacity, the core corner stress reaches 2.8fc, and the 
central stress value reaches 2.0fc. 

 

 
(a)P=0.26Pp          (b)P=0.65Pp                (c)P=0.79Pp           (d)P=Pp 

Figure 10. Longitudinal stress distribution diagram of core concrete section 

3.2.5 Influence of Void on the Bearing Capacity of the Model under Axial Compression 

The finite element analysis and calculation of the designed models under different void ratios are 
carried out, and the influence of the axial compressive bearing capacity of the voided concrete-filled 
steel tube is studied. Figure 11 shows the relationship between the void ratio χ-bearing capacity 
reduction coefficient β. The void ratio was controlled under the same other conditions, and the results 
of the three groups of models were compared. It can be seen that when the local void ratio increases 
to 0.69%, the bearing capacity reduction coefficient of BU and CM is β≥0.95, and the bearing capacity 
reduction of components is relatively small at this time; however, with the increase of void ratio, the 
bearing capacity of CM The bearing capacity of CM is always lower than that of BU. When the void 
ratio increases to 0.23%, the bearing capacity of CM decreases faster than that of BU, indicating that 
void defects in the column have a more obvious effect on bearing capacity; when the void ratio on 
one side increases to 1.39% When β=0.918, with the increase of void ratio, the rate of decrease of 
bearing capacity slows down and the slope becomes smaller, which is close to the simulation result 
in literature [27]. It can be concluded that with the gradual increase of the void ratio, the synergistic 
effect of the steel pipe and the core concrete cannot be fully exerted in the whole process of stress, 
and the void significantly weakens the axial compressive bearing capacity of the calculation model, 
causing great harm to the components. 

 

 
Figure 11. Relationship curve of void ratio χ-bearing capacity reduction coefficient β 
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According to "Technical Specification for Concrete-filled Steel Tube Structure" GB50936-2014 [28], 
calculate the design value of axial compressive strength bearing capacity of CFST short column: 

 

 
0 sc

2

=

1.212

sc

sc c

N A f

f B C f 



  
                               (6) 

 

Where ξ= f·As/fc·Ac, B=0.131·f/213+0.723, C=-0.070·fc/14.4+0.026. N0 is the design value of the 
axial compressive strength of the CFST short column(N/kN), fsc is the design value of the CFST 
compressive strength(MPa), f is the design value of the steel compressive strength(MPa), fc is the 
concrete compressive strength Design value(MPa). 

The design value of axial compression bearing capacity N0=844.0kN is obtained by calculation. 
Comparing the simulation results with the code calculation results, it can be seen that although the 
bearing capacity reduction caused by voiding has not decreased to the design value of compressive 
strength, the bearing capacity reduction is close to 10%, which has seriously reduced the structural 
safety, so it should be Try to avoid voiding defects. 

3.2.6 Contact Stress-axial Compression Diagram 

The normal contact stress between the steel pipe and the core concrete can reflect the interaction 
between the two. According to the symmetry, a 1/2 steel pipe model is taken, and the non-defective 
specimen is used as an example to select the steel pipe node on one side of the column, as shown in 
Figure 12. Select a schematic for the node. 

Figure 12 is the relationship curve of normal contact stress PL-axial compressive bearing capacity P. 
It can be seen from Figure 14 that the curve is mainly divided into three stages, namely before the 
ultimate bearing capacity, the bearing capacity decreasing section, and the restraining rising section. 
At the initial stage of loading, the contact stress PL at each node is 0, indicating that the steel pipe 
and the core concrete work independently at the initial stage of loading and have not interacted with 
each other; as the load continues to increase, the contact stress of the corner node 155 increases rapidly, 
approaching the corner The contact pressure of the node 853 also increases, but the increase is slower, 
and the corner node stress is much larger than other nodes, indicating that the steel tube begins to 
constrain the core concrete to work together, and the constraint is mainly reflected in the two diagonal 
areas of the steel tube. The curves of node 852, node 851, and node 850 far away from the corner 
show that it is always a straight line when the bearing capacity reaches the ultimate bearing capacity, 
indicating that the steel pipe and concrete at node 852, node 851, and node 850 have not interacted 
with the concrete when the ultimate bearing capacity is reached. When the bearing capacity curve 
enters the descending stage, the joint stress continues to increase due to the constraining of the core 
concrete by the failure of the concrete. The growth changes of node 155 and node 853 near the corner 
are more obvious, and the normal contact stress growth of node 850 is smaller than that of node 852 
and node 851, that is, the farther away from the corner, the smaller the change of contact stress. When 
the load enters the ascending section, the stress of each node increases to different degrees. 

Comparing BU-2, CM-2, D-1 and A-0, it can be seen that compared with A-0, BU-2 still has a large 
change in the stress of nodes near the corner, and the nodes of CM-2 and D-1 At the defect position, 
the change law of nodal stress is quite different from that of A-0. The change of the node 850 is 
particularly obvious. The change of the stress of the node 850 is due to the lack of the support of the 
core concrete of the steel tube and the yield of the core concrete and the increase of the stress with 
the continuous increase of the strain. 
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Figure 12. Schematic diagram of nodes 

 

 
(a)model A-0                          (b)model B-U-2 

 
(c)model C-M-2                              (d)model D-1 

Figure 13. Relationship between normal contact stress PL-axial compressive bearing capacity P 

4. Conclusion 

1) The finite element model established in this paper can more accurately calculate the load-strain 
curve of the CFST short column under axial compression, which is helpful for engineering practice. 

2) In this paper, it is obtained through finite element analysis that in the initial stage of loading of the 
CFST column, the steel tube and the core concrete work independently; from the section stress of the 
core concrete, it can be seen that the confinement effect of the core concrete in the CFST column is 
mainly concentrated in the oblique alignment of the core concrete. corner area. 
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3) The void only has a significant impact on the confinement of the concrete-filled steel tube in the 
nearby area, and the steel tube on the defect side weakens the constraint of the concrete, so that the 
core concrete cannot be in a state of three-way stress. When the local void rate increases to 0.92%, 
the bearing capacity reduction coefficient β is 0.93; when the unilateral void increases to 2.08%, the 
bearing capacity reduction coefficient β is 0.90. 

4) The existence of voids leads to the reduction of the restraint of the steel pipe on the core concrete 
and the decrease of the concrete strength, which is the main reason for the reduction of the bearing 
capacity, while the voids have little influence on the mechanical performance of the steel pipe. 
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