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Abstract. With the development of materials science and technology, extensive 

experimental research has been conducted on the properties of PVA steel hybrid 

fiber-reinforced cement-based composites. However, due to external and human 

factors, errors and relative limitations have occurred. Therefore, the use of nu-

merical simulation methods can comprehensively reflect the seismic perfor-

mance of components, providing sufficient basis and reliable theoretical basis for 

experiments and engineering applications. This article studies the seismic perfor-

mance of PVA steel HyFRCC columns based on the OpenSEES platform, in-

cluding the following aspects: using the bond slip model and fiber model consid-

ering the bond between steel bars and concrete as the constitutive relationship of 

PVA steel HyFRCC materials based on the OpenSEES platform, finite element 

analysis was conducted on PVA steel HyFRCC columns, and compared with ex-

perimental results. The results show that compared with the experimental results, 

the simulated hysteresis curve, skeleton curve, peak bearing capacity, displace-

ment ductility coefficient, and equivalent viscous damping coefficient have 

smaller errors, indicating that the constitutive model is suitable for studying the 

seismic performance of PVA steel HyFRCC columns. Based on the OpenSEES 

platform, the influence of different axial compression ratios on the seismic ca-

pacity of PVA steel HyFRCC columns was studied using the above model. The 

results indicate that as the axial load ratio increases, the stiffness degradation be-

comes faster, and the energy dissipation performance and ductility gradually de-

crease. 
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1 Introduction 

This article studies the seismic performance of four reinforced concrete[1] cross shaped 

columns, with the same parameters except for axial compression ratio and whether fi-

bers[3] are added. The concrete strength is C50, the column section size is 400mm × 

400mm, the protective layer thickness is 35mm, and the effective height of the column  
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is 1200mm. Symmetrical reinforcement is selected for the longitudinal load-bearing 
steel[5] bars of the column, with four HRB400 grade steel bars with a diameter of 
16mm and four HRB400 grade steel bars with a diameter of 20mm, with a longitudinal 
reinforcement ratio[6] of 2.01%; The stirrups are made of HRB335 grade hot-rolled 
round steel; its diameter is 6.5mm. Simulate the seismic performance of ordinary con-
crete columns using OpenSEES finite element software[2], and verify the reliability of 
the model by simulating the constitutive behavior of concrete02 concrete and steel02 
steel reinforcement. Validate the seismic performance of the remaining three PVA steel 
HyFRCC columns using Bond Sp01 constitutive[4] and fiber models, and verify the 
reliability of the PVA steel HyFRCC column model by comparing hysteresis curves 
and skeleton curves. Finally, the seismic performance was analyzed using different ax-
ial load[7] ratios of 0.5, 0.6, and 0.7, providing sufficient basis and reliable theoretical 
foundation for experiments and engineering applications.[9] 

2 Establishment and Verification of Finite Element Model 

2.1 Model Validation 

This article establishes a finite element model based on Han Weili's experiment, and 
calculates and analyzes the model columns in Opensees software. The experimental 
results are compared with the finite element[4] model analysis results to verify the ac-
curacy of the finite element model. The comparison results are shown in Figure 1, Fig-
ure 2 and Table 1. 

Fig. 2. Comparison of Skeleton CurvesFig. 1. Comparison of hysteresis curves 

Table 1. RC Column Experimental and Simulated Peak Load 

RC Column experiments with the simulated peak loads 
The spec- deviation(%)analog value (kN) trial value (kN) 

imen 
number 

forward di-
rection 

negative di-
rection 

forward di-
rection 

negative di-
rection 

forward di-
rection 

negative di-
rection 

RC 52.11 51.48 52.72 62.16 1.08 13.4
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From Figure 1, the hysteresis curve of the specimen obtained from finite element 
simulation calculation[1] is in good agreement with the hysteresis curve obtained from 
the experiment[7] as a whole; The loading and unloading trends, as well as the shape 
of the hysteresis curve, are basically consistent and in good agreement[10] with the 
experimental hysteresis curve. However, there is a certain degree of error in the initial 
stiffness of the two. The initial stiffness of the hysteresis curve simulated by finite ele-
ment method is greater than that of the experimental hysteresis curve, and there is also 
a certain difference in the horizontal peak[9] load between the two. The simulated hor-
izontal peak load is slightly higher than the experimental horizontal peak load. It can 
be seen that adding the consideration of bond slip between steel bars and concrete in 
the fiber model can better simulate the fullness of the column hysteresis curve[5], and 
the hysteresis curve is basically consistent with the experimental curve. From Figure 2, 
it can be seen that the simulated column skeleton curve is consistent with the experi-
mental curve, and its initial elastic and stiffness degradation rates[7] are basically con-
sistent with the test results. 

3 The Effect of Different Axial Compression Ratios on Seismic 
Performance 

This section conducts Finite element analysison four PVA steel HyFRCC columns with 
different axial load ratios[2], based on the OpenSEES platform, study the effect of axial 
load ratio on the seismic effect of PVA steel HyFRCC columns. The cross-sectional 
size of the column is 400mm × 400mm, the thickness of the protective layer is 35mm, 
the effective height of the column is 1200mm, the shear span ratio is 3, and the axial 
load ratios[1] are 0.4, 0.5, 0.6, 0.7. The cross-sectional dimensions and reinforcement 
form of the specimen are shown in Figure 3. 

Fig. 3. Sectional dimensions and reinforcement of specimens (unit: mm)
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3.1 Hysteresis Curve and Skeleton Curve 

Axial compression ratio an important influencing factor about the seismic perfor-
mance[9] of PVA steel HyFRCC columns. Figure 4 shows the hysteresis curves of four 
columns with different axial load ratios[6], and Figure 4 shows the skeleton curves[10] 
of columns with different axial load ratios.

      (a)                               (b)  

(c)                              (d)  

Fig. 4. Comparison of hysteresis curves 

Figures 4 (a), (b), (c), and (d) show the hysteresis curves of PVA steel HyFRCC 
columns under different axial load ratios. At the initial stage of horizontal displacement 
loading, each specimen has a small horizontal displacement[3] and low stress. The 
specimens are in the elastic stage with no residual deformation, and the loading and 
unloading curves almost overlap[5]. As the displacement continues to increase, the 
slope of the hysteresis curve gradually tilts towards the horizontal axis, the hysteresis 
loop takes on a curved shape, the surrounding area significantly increases, and the en-
ergy dissipation capacity of the specimen gradually increases. After the longitudinal 
reinforcement yields[2], the number of cycles increases continuously, and the peak load 
and slope of the curve at the same horizontal displacement both show a slow decrease, 
indicating that the stiffness degradation phenomenon gradually occurs in the specimen



The specimen
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during the loading and unloading process. From the figure, it can be seen that compo-
nents with lower axial compression[7] ratios have larger hysteresis curve areas and 
fuller saturation[9], indicating stronger energy dissipation capabilities. 

Table 2. Peak Load of PVA Steel HyFRCC Column 

PVA-steel HyFRCC Peak column load 

negative di-forward direction negative direction 

number peak displace-
ment (mm) 

Peak 
load(kN) 

peak displace-
ment (mm) 

Peak 
load(kN) 

rection 
1n 

HyFRCC-1 19.70 284.04 -21.02 -281.57 0.40 

HyFRCC-2 19.12 302.95 -20.20 -301.06 0.50 

HyFRCC-3 17.30 314.60 -18.21 -314.52 0.60 

HyFRCC-4 14.02 324.62 -15.41 -324.24 0.70 

Table 2 shows the peak loads and displacements[3] in both directions of specimens 
under different axial load ratios. It can be inferred from the data in the table that as the 
axial load ratio increases, the load bearing capacity[10] of PVA steel HyFRCC columns 
also increases, but the magnitude of the increase decreases. 

4 Conclusions 

This article compares the imitate results with test results, verifies the accuracy of the 
model and the applicability of the constitutive model, and studies the effect of different 
axial load ratios on the seismic performance[8] of PVA steel HyFRCC columns. The 
main conclusions are as follows: 

1. Finite element analysis was conducted on ordinary concrete columns using Open-
SEES software. Establish a model of a regular concrete column using the Concrete 
02[7] and Steel 02[7] constitutive models. This model can effectively simulate the sat-
uration degree of the hysteresis curve of concrete columns, and the simulation results 
have high accuracy. 

2. Studied the seismic effects of different axial load ratios on PVA steel HyFRCC 
columns. The results show that when the axial load ratio is less than 0.6, as the axial 
load ratio increases, the bearing capacity of the specimen significantly[3] increases, the 
stiffness degradation rate also accelerates, the hysteresis curve changes less, and the 
seismic performance is relatively stable. However, when the axial load ratio exceeds 
0.6, the enclosed area of the energy dissipation hysteresis curve significantly[4] de-
creases, and the energy dissipation capacity decreases, which is not conducive to the 
seismic behavior of the structure. 

3. As a new type of material, its constitutive relationship and seismic performance[5] 
still need further research. This article only conducted finite element analysis on the
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seismic behavior of PVA steel HyFRCC columns with different axial load ratios, and 
further research is needed to investigate the effects of fiber content and loading methods 
on seismic performance[8]. 
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