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Abstract. Reinforced concrete hollow columns are often used as structures with
high stability requirements such as piers and large frame columns due to their
light weight and relatively large cross-section. When the structure is subjected to
lateral impact, it is more likely to be damaged. To investigate the influence of
different parameters on the dynamic mechanical properties of reinforced concrete
hollow columns, a finite element numerical model was constructed using LS-
DYNA software. After reliability verification through experiments, impact mod-
els were simulated for different contact areas, hollow section shapes, and axial
compression ratios, and the mechanical response of reinforced concrete hollow
columns under various parameters were analyzed. The results show that for a
constant impact mass, increasing the impact contact area can reduce stress con-
centration and enhance lateral displacement, thereby dissipating impact energy.
Damage to regular octagonal and circular hollow members is evenly dispersed,
and the force distribution is reasonable, which helps reduce damage to members
under impact load. The axial compression ratio of reinforced concrete hollow
columns is within the range of 0~0.6, and they have good impact resistance per-
formance.

Keywords: Impact force platform value; Residual displacement; Finite element
model; Axial compression ratio

1 Introduction

Hollow reinforced concrete columns have become a key component in bridges and
building structures due to their lightweight structure and material saving advantages.
However, when these structures are subjected to impact, explosion, or other dynamic
loads, their internal stress distribution, damage development, and energy absorption
mechanisms differ significantly from those experienced under traditional static loads.
Zha et al.l'"! explored the dynamic response of reinforced concrete under impact using
numerical simulation methods. The horizontal displacement varies according to the ap-
plied load, which is notably influenced by the reinforcement ratio and axial
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compressive strength. Gholamreza et al.””! discussed the influence of axial load on the
nonlinear response of reinforced concrete columns under lateral impact, finding that
axial load significantly affects the position of plastic hinges, internal force distribution,
and failure modes. Rana et al.l’! found that variations in the mass and direction of the
impact block significantly impact the failure mechanisms of elliptical-section hollow
columns. Khalil et al.[! studied the dynamic response of reinforced concrete (RC) mem-
bers subjected to axial load and lateral impact load. It was found that the impact load
can lead to bending and shear failure. After the impact position deviates from the center,
the influence of axial force on impact resistance is limited. Most of the above studies
have analyzed the axial compression ratio. However, the shape of the internal cavity
and the impact contact area may change the stress distribution and crack propagation
path, affecting the mechanical properties of the structure. Reliable numerical simulation
methods have been widely used in the research of engineering structures. Based on this,
the purpose of this study is to study the influence of axial compression ratio through
finite element simulation, and to explore the influence of hollow section form and im-
pact contact area, so as to provide scientific basis for optimizing structural design and
strengthening risk assessment in engineering application.

2 Finite Element Modeling and Material Parameter
Selection

2.1 Base Model Building and Meshing

The finite element impact model of reinforced concrete hollow columns was estab-
lished using ANSYS/LS-DYNA software. The height of the column is 6 meters, the
cross-sectional dimensions are 900 millimeters by 900 millimeters, and the internal
hollow ratio is 0.1. The diameters of the longitudinal steel bars and stirrups are 18mm
and 12mm, respectively. The stirrups are spaced 100mm at the end of the column and
200mm in the middle. The diameter of the impact body is 400 millimeters, the impact
velocity is set to 11 m/s, and the axial pressure ratio is 0. Fig. 1 shows the finite element
model. The mesh size is selected as 9mm

(b)

Fig. 1. finite element model
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2.2 Material Models and Parameters

The concrete material model adopts the Continuous Surface Capping Model (CSCM),!
which is a cap model with smooth connections between the hardened cap surface and
the shear yield surface. The model takes into account the strain rate effect, strain sof-
tening, shear expansion and concrete damage, and can accurately describe the mechan-
ical properties of concrete. The set parameters are shown in Table 1.

Table 1. CSCM model parameters

Density  Compressive strength Maximum aggregate Strain rate ef- Erosion failure pa-
/kg-m-3 /MPa size /m fect rameters
2400 32.6 0.016 11 1.1

The impact body is regarded as a rigid body, and the impact does not cause damage.
The rigid body model (MAT RIGID) is wused. The steel bar adopts
(MAT_PLASTIC KINEMATIC) bilinear elastoplastic model, which is widely applied
to the material model of steel, and the Cowper-Symonds model can be used to describe

the strain rate effect of steel materials.'® The main model parameter Settings are shown
in Table 2.

Table 2. Main model parameters

Densit . . . Yield strength
Y Elastic modulus /GPa  Poisson ratio g Tangent modulus /GPa
/kg-m-3 /GPa
7800 200 0.3 45.8 2
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The impact test of reinforced concrete hollow columns, conducted using a falling ham-
mer device, verified the reliability of the model and parameter settings. Fig.2 shows the
experimental comparison results, and it is observable that the time history curves of
impact force and displacement are essentially consistent. Furthermore, Fig. 3 indicates
that the distribution of equivalent stress closely matches the crack development in the
column, further demonstrating that the established model accurately simulates the im-
pact mechanical characteristics of reinforced concrete hollow columns.

4 Analysis of Influence Parameters of Mechanical
Properties

4.1 Effect of Impact Contact Area

Variations in impact contact areas result in distinct mechanical behaviors of compo-
nents under impact loading. To explore this phenomenon, three impact models with
contact areas of 400 mm, 600 mm, and 800 mm were developed, while maintaining
constant impact mass by adjusting the density. Fig. 4 illustrates the effect of varying
impact contact areas on the impact force. It is evident that increasing the contact area
between the impactor and the component results in a corresponding rise in peak impact
force, with minimal effect on the impact force platform value. Fig. 5 demonstrates that
larger contact areas result in greater lateral displacement of the component. This occurs
because larger contact areas reduce stress concentration, diminishing local concrete
fragmentation at the impact site (see Figure 6). Consequently, less energy is dissipated
through local crushing, with more impact energy absorbed by lateral displacement, fur-
ther amplifying the component’s lateral movement.
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Fig. 4. Effect of impact contact area on im- Fig. 5. Effect of impact contact area on dis-
pact placement

Fig. 6 illustrates that when the impactor has a diameter of 400 mm, the concrete at
the impact site undergoes significant crushing, leading to visible depressions. As the
impactor diameter increases, the extent of concrete crushing diminishes, and the depth
of depressions decreases correspondingly. After cutting along the transverse plane of
the column center, it is evident that the damage to the inner wall of the component and
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the back of the impact point is significant. After the impact contact area increases, the
range of concrete spalling also expands.
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Fig. 6. Damage characteristics of components under different impact contact areas

4.2  Effect of Hollow Section Shape

Based on the basic example, three impact models of square, octagonal and circular with
the same hollow section area are established. Fig. 7 illustrates the effect of different
hollow section shapes on the impact force. The hollow section form has little effect on
the peak impact value, mainly affecting the impact force platform value. The impact
force platform value for the regular octagonal and circular sections is 24.01% and
31.48% higher than that of the square section, respectively, indicating that the regular
octagonal and circular hollow sections enhance the overall bending stiffness of the com-
ponent. Fig. 8 illustrates the effect of the hollow section shape on the displacement of
the component. It is evident that when the hollow section shape is octagonal or circular,
the impact force platform value of the component increases, along with an enhancement
in the overall bending stiffness. This improvement enhances the component's anti-de-
formation ability and reduces its lateral displacement under impact load.
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Fig. 9. Damage and crack morphology of members under different hollow section shapes

Fig. 9 demonstrates that the damage and crack morphology of regular octagonal and
circular hollow members are similar; the damage is evenly dispersed, and the severity
of damage at the contact position is reduced. This indicates that that when the hollow
section shape is circular or regular octagonal, the force experienced by the member
during impact is more evenly distributed, thereby reducing the damage sustained by the
member under impact load.

4.3  Effect of Axial Pressure Ratio
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Fig. 10. Effect of axial compression ratio on  Fig. 11. Effect of axial compression ratio on
impact force displacement

Based on the basic example, four models with axial compression ratios of 0,0.3,0.6 and
0.9 were established. As illustrated in Fig. 10, variations in axial compression ratios
cause significant fluctuations in the impact platform value, indicating a notable effect.
Initially, as the axial compression ratio increases, the platform value rises, reaching a
peak before subsequently declining. Specifically, when the ratio increases from 0 to
0.3, the platform value improves by 18.18%, marking the most substantial enhancement
in bending stiffness.l”) However, Fig.11 indicates that at an axial compression ratio of
0.9, the impact resistance of the component is significantly compromised. Additionally,
an optimal axial compression ratio exists within the range of 0 to 0.6, maximizing the
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impact resistance of reinforced concrete hollow columns. Beyond an axial compression
ratio of 0.6, the positive effect of axial force on impact resistance diminishes, resulting
in adverse effects compared to cases with no axial compression.

5 Conclusions

Based on the existing research, this paper analyzes the performance of reinforced con-
crete hollow columns under the influence of impact contact area, column hollow section
form and axial compression ratio parameters through numerical test model. The con-
clusions are as follows :

(1) The impact contact area has a significant effect on the peak impact force. With
the increase of the contact area, the damage degree of the column extends backward,
which helps to consider the impact of the impact contact area more accurately when
designing and evaluating the structure.

(2) The axial compression ratio between 0 and 0.6 and the shape of the circular hollow
section can effectively reduce the impact displacement of the hollow column and im-
prove its overall impact resistance, which provides a certain reference direction for op-
timizing the design of the hollow column.

(3) This study offers critical insights for designing and evaluating the impact resistance
of reinforced concrete hollow columns. Future research will investigate the effects of
varying axial compression and cross-sectional shape combinations on impact re-
sistance, as well as the performance and failure modes of hollow columns under multi-
directional and repeated impacts.
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