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Abstract: With the development of economy, the public’s demand for cultural life is increasing. 

Sculpture brings a dynamic experience to the urban landscape, enabling people to actively 

participate and integrate into the landscape space, thus adding to the urban cultural construction 

and enhancing the variability and depth of space. Based on the principle of bionic design, this 

paper compares the degree of similarity of the original organisms, and divides the morphology 

bionic into figurative bionic, abstract bionic, and metaphorical bionic. Combined with the 

structural stress characteristics, the spatial finite element model is established, and according 

to D’Alembert’s principle, the vibration equilibrium equation is associated, and the vibration 

mode superposition method power analysis method is applied to analyze the modal state of a 

sculpture. The results show that: The horizontal direction of the vibration mode coefficient has 

reached more than 0.9, the period and frequency of the sixth and seventh order vibration modes 

are the same, both are 0.3948 s and 2.5699 Hz. Calculating the ultimate bearing capacity of the 

structure under all the conditions, the maximum stress ratio of the strength of each member of 

the sculpture is 0.96987, which indicates that the strength of all the structural members meets 

the requirements of the design of the sculpture. The overall stability of the sculpture is analyzed, 

when the order is 5, the buckling factor under three kinds of loading conditions are 208.5974, 

114.1648, 124.9748, which indicates that the sculpture structure designed according to bionics 

has good overall stability. 

Keywords: bionic design; spatial finite element model; D’Alembert’s principle; vibration 

superposition method dynamic analysis; sculpture design 

1. Introduction 

The rapid development of Chinese society and economy has promoted the 

vigorous development of art, and the creation of sculpture art has also had a 

personalized development trend. Sculpture is a kind of composite level art form, 

combining three-dimensional and semi-dimensional and other levels, fully reflecting 

the material form of cultural nature [1,2]. Artists will fully select and utilize diverse 

cultural elements such as different materials, tools, production techniques and post-

production modeling treatments, placing places, etc., so that the art works can have a 

more unique presentation [3–5]. 

With the development of human material civilization, people engaged in social 

activities and production construction need to build large sculpture structures to meet 

practical and aesthetic requirements. As a typical heterogeneous space plate and shell 

structure, the sculpture structure is characterized by irregularity, self-importance, and 

miscellaneous forces [6,7]. Therefore, it is necessary to analyze the mechanical 

properties of such shaped space plate structures in order to ensure the safety and 

durability requirements for the use of the structure [8,9]. 
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In addition, the concept of biomimicry is the most important source of inspiration 

for people since primitive society, and the colorful and complex nature has always 

attracted people to imitate and learn from it, and the creation of sculpture art is a typical 

example of this. Bionic art is not directly displaying or placing living organisms in art 

works, but a type of art that works by transforming and creating life from a biological 

perspective [10–12]. From the perspective of bionics, the disciplinary theories, 

ideologies, and technological achievements of bionics have provided more 

possibilities for the creation of sculpture art [13]. On the one hand, artists draw 

inspiration from nature and apply bionic concepts to art creation to enrich their art 

form language [14–16]. On the other hand, the products of bionic technology are 

integrated into their art form language to provide bionic technology support for art 

[17–19]. Based on this, sculpture art connects the concept of nature through bionics 

with the viewer through art works, enriching the viewer’s aesthetic experience while 

also conveying the artistic concept of nature. 

This paper proposes a method of creating sculpture art that is designed to 

resemble the principle characteristics of biological systems according to the form and 

working principle of living organisms. The external characteristics of natural creatures 

and their symbolism are applied to sculpture design through artistic methods, 

according to different design principles, providing new ideas for the innovative 

application of bionic design in sculpture. The structural system of the statue is 

constructed, and the horizontal lateral shift of the structure is considered as the focus 

of the structural design, for which the spatial finite element structural model is 

established. Based on D’Alembert’s principle, the free vibration equations are 

expressed in matrix form through the coupled equations. In the modal analysis of a 

sculpture, the first 100 order vibration modes are calculated, and the structural 

mechanical state of the sculpture based on bionic design is analyzed from the seismic 

effect, component stress calculation, overall stability and force condition to verify the 

feasibility of this method. 

2. Sculpture art creation under the view of biomimicry 

2.1. Bionic design 

Bionic design science, also called design bionics, is a cross-discipline developed 

on the basis of bionics and design science [20]. Bionic design science is a new design 

thinking method through the experimental simulation of certain principles of 

biological systems, which is organized, analyzed, and then refined, so as to design a 

new design thinking method that resembles the characteristics of the principles of 

biological systems. In the field of design, bionic design has become a research hotspot. 

People design products with vivid appearance, easy operation and powerful functions 

according to the form and working principle of living organisms, such as gliders made 

by simulating the movement of birds’ wings. The history of the development of human 

artifacts is the process of constantly drawing inspiration from nature. 

2.2. Application of bionic design in sculpture 

2.2.1. Morphological bionics 
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Morphological biomimicry design applies the external characteristics of natural 

organisms and their symbolism to the design through artistic methods, and can be 

divided into figurative biomimicry, abstract biomimicry and metaphorical biomimicry 

to differentiate the degree of similarity of design outputs compared with the original 

organisms. 

(1) Figurative Bionics 

Figurative biomimicry refers to the fact that the design outputs are closer to the 

natural objects in terms of appearance and form, and the viewers can easily recognize 

the natural objects with the characteristics of the form. In daily life, the figurative form 

of the design has a richer naturalness, affinity and sense of fun. 

(2) Abstract Bionic 

Abstract biomimicry uses the abstract form of natural objects, which starts from 

the specific natural objects, and is the artistic image obtained by the designer after 

summarizing the characteristics of the creatures. Different designers of the same 

natural object generalization presents different forms of expression, which is 

benevolent, wise and wise. Abstract biomimicry designer’s own abstract 

generalization ability is unique and exploratory, and the form and performance of the 

movement of the work also leave the viewer a certain space for imagination. 

(3) Metaphorical Biomimicry 

Metaphorical bionic use of metaphor, symbolism, the use of certain attributes of 

natural objects to express the characteristics of dynamic sculpture. What the creator 

wants to express is the cycle of change of natural things, and the work contains certain 

philosophical concepts, i.e., the concept of the cycle of change. 

2.2.2. Functional bionics 

Functional bionic design mainly refers to the designer’s reference to nature and 

the functional principles of the existence of natural substances, in-depth analysis of 

the function of the original form of natural objects and the relationship between the 

structure, and the combination with the form of natural objects, the synthesis of the 

performance in the design work. 

2.2.3. Structural bionics 

Inspired by the outward morphological features of natural creatures, the tectonic 

relationships of organisms are equally inspiring to the artist. The way the whole or part 

of a creature is constructed and organized allows the artist to mimic its underlying 

similarities in order to create new images. For example, the stems and leaves of plants, 

and the forms, muscles, and bones of animals are objects of much study for artists. 

3. Structural mechanics analysis in bionic sculpture art design 

3.1. Statue structural system 

3.1.1. Structural force characteristics 

The main function of the background project of this paper is for people to visit, 

and its vertical load is only the self-weight of the structure, so the vertical bearing 

capacity of the structure has a large degree of richness. While the horizontal load 

caused by the structure side shift is relatively large, control of the horizontal side shift 

of the structure becomes the key of structural design. Horizontal lateral displacement 
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of the structure includes two parts: (1) the maximum displacement of the top of the 

structure, the value of which is too large to affect the normal use of the building, and 

(2) the inter-story displacement of the structure, the value of which is too large to 

damage the enclosure structure. 

For frame structure, the lateral displacement generated by horizontal load 

consists of two parts: the first part is the lateral displacement caused by the bending 

deformation of beams and columns, the interstorey shear of the frame increases layer 

by layer from top to bottom, and the interstorey lateral displacement increases layer 

by layer from top to bottom, and the deformation curve of the whole structure is similar 

to that of the displacement curve caused by the shear deformation of cantilever 

members, so it is called “shear type”. Therefore, it is called “shear type”. The second 

part is the lateral displacement caused by the axial deformation of the column, under 

the action of horizontal load, due to the tension and compression of the column, the 

structure produces lateral displacement, and the lateral displacement between the 

layers decreases layer by layer from the top to the bottom, so that the structure is a 

“bending type” deformation. For frame structures, the first part of the lateral 

movement accounts for the main part of the total lateral movement, but with the 

increase of the height and aspect ratio of the structure, the second part accounts for 

more and more weight in the total lateral movement. The lateral movement of the apex 

caused by the axial deformation of the column is shown in the following equation: 

𝑢𝑁 =

{
  
 

  
 
2

3
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1
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30
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3

𝐸𝐴𝐵2
(Inverted triangle distribution load)

 (1) 

In Equation (1), 𝑉𝑜 is the total shear force generated at the bottom surface of the 

frame by the horizontal external load, 𝐸 is the modulus of elasticity of the columns, 𝐴 

is the cross-sectional area of the columns, 𝐻 is the height of the structure, and 𝐵 is the 

distance between the outer columns. 

3.1.2. Spatial finite element modeling 

According to engineering experience, in the structural layout, for the outer ring 

along the curve direction of the edge of the beam, due to the direct bearing of the 

torque from the second external wall plate, the form of its cross-section should be used 

with good torsional performance of the closed cross-section, such as square steel pipe, 

round steel pipe, etc., should not be used in the angle or H-beam and other open cross-

section. Between the nodes of the arrangement of the rod, should try to form a 

triangular geometric invariant system. After the completion of the structural 

arrangement of the plane in each layer, and then the vertical structure of the 

arrangement, that is, along the height of the body like the direction of the nodes 

connected to the plane of each layer. The basic vertical members are set up according 

to the column section, and H-beam, square steel pipe or round steel pipe can be used. 

Oblique members are set up according to the longitudinal support, usually using equal 

or unequal double angle steel section, can also use round steel pipe, square steel pipe 

or H-beam section. The connection between the bars is rigid connection. 
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3.2. Structural modal analysis 

Modal analysis, also known as vibration mode superposition method of dynamic 

analysis, is the most commonly used and effective method for seismic analysis of 

linear structural systems [21]. Its main advantage lies in the fact that after calculating 

a set of orthogonal vectors, it can reduce a large set of overall equilibrium equations 

to a relatively small number of decoupled second-order differential equations, which 

significantly reduces the computational time used to solve these equations numerically. 

Modal analysis provides basic structural performance parameters that help this paper 

to make qualitative judgments about the structural response. Modal analysis provides 

relevant structural performance for structural-related static analyses, including 

structural static seismic action and static wind load action, and modal analysis is also 

the basis for other dynamic analyses (including response spectrum analysis and time 

course analysis). 

3.2.1. Modal analysis theory 

For a system with 𝑛 number of degrees of freedom, according to D’Alembert’s 

principle, so that the internal and external forces on each mass are balanced, then the 

vibrational equilibrium equation of this system is 𝑛 coupled equations [22]. In order 

to simplify the representation, the joint equations are often expressed in matrix form. 

The free vibration equation of the U-damped multi-degree-of-freedom system is: 

[𝑀]{�̈�} + [𝐾]{𝑦} = {0} (2) 

where [𝑀] denotes the mass matrix, [𝐾] denotes the stiffness and array, {�̈�} denotes 

the acceleration vector, and {𝑦} denotes the displacement vector. 

Let the solution of Equation (2) be: 

{𝑦} = {𝛷} 𝑠𝑖𝑛(𝜔𝑡 + 𝜙𝐷) (3) 

In the formula, 𝜔—the circular frequency of vibration of the system, the {𝛷}—

vector of displacement amplitude of the system, usually called the vibration mode 

vector: 𝜙𝐷—the initial phase angle. The expression for the mode vector 𝛷 is: 

{𝛷} = {𝛷1, 𝛷2, 𝛷3⋯𝛷𝑛}
𝑟 (4) 

Substituting Equation (3) into Equation (2) yields the following equation: 

(−𝜔2[𝑀] + [𝐾]){𝛷} = {0} (5) 

Since the right hand side of the equation is zero, Equation (5) is a multivariate 

chi-square equation. The condition that Equation (5) is also satisfied and the 

vibrational shape to though {𝛷} has a nonzero solution would be: 

| − 𝜔2[𝑀] + [𝐾]| = 0 (6) 

Equation (6) is an n-order joint equation with the circular frequency 𝜔 as the 

unknown. This equation contains only the prime shortest matrix [𝑀] and the stiffness 

matrix [𝐾]  of the system; therefore, the result of Equation (6) is called the 

characteristic equation of the system as it is determined only by the nature of the 

system itself and has nothing to do with the applied external loads. Here, 𝜔2 is called 

the eigenvalue of the system. By solving Equation (6), 𝑛 different sizes of 𝜔 values 

can be obtained, i.e., 𝜔1, 𝜔2, 𝜔3,⋯ , 𝜔𝑛. If the value of each 𝜔 already obtained is 
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substituted into Equation (5), the vibration vector {𝛷1}, {𝛷2}, {𝛷3},… , {𝛷𝑛} 

corresponding to each   can be obtained, which is called the 1st, 2nd, 3rd, ... and 𝑛th 

vibration vectors of the system, or vibration modes for short. In a multi-degree-of-

freedom system, the number of vibration modes should be equal to the number of 

degrees of freedom of the system. If the system has 𝑛 degrees of freedom, then there 

should be 𝑛 vibration modes. 

3.2.2. Modal analysis of a sculpture 

Table 1. The first seven steps of the structure are ordered. 

Vibration mode Period (s) Frequency (Hz) Vibration description 

1 1.0265 0.9848 Y direction movement 

2 0.6544 1.5936 X direction movement 

3 0.4788 2.1348 Y direction movement 

4 0.4269 2.3815 X is slightly reversed 

5 0.4197 2.4415 X direction 

6 0.3948 2.5699 X is slightly torsional 

7 0.3948 2.5699 X to move and reverse 

SAP2000 provides two basic methods for modal decoupling, the eigenvector 

method and the Ritz vector method. The reason is that for large structural systems, 

solving the eigenvalue problem for free vibration modes and frequencies may require 

a large amount of computational work, and then simple eigenvector analysis may 

become difficult, and the spatial distribution of loads is completely ignored in the 

calculation of free vibration modes. Since many of the calculated shapes are 

orthogonal to the loads and do not participate in the dynamic response, the structural 

vibration shapes obtained with a lot of effort do not necessarily improve the accuracy 

of the calculations, or even do not help at all in some cases, which is the main problem 

of eigenvector analysis. However, in contrast, the Ritz vector method, because all the 

obtained eigenvectors are load-related, avoids the calculation of shapes that are not 

involved in the dynamic response, which is not helpful for the structural accuracy, and 

the limited computation time can be fully utilized in the calculation of shapes that are 

helpful for the accuracy of the results. In other words, with the same number of 

calculated shapes, the Ritz vector method will give more accurate results and higher 

structural mass participation factors as required by the code. The Chinese code 

stipulates that the number of calculated vibration modes should be such that the 

participating mass of the vibration modes is not less than 90% of the total mass. For 

seismic and wind loads, the response in horizontal direction is mainly considered, so 

if the cumulative value of the last vibration mode in X direction and Y direction is more 

than 0.9, it means that the number of vibration mode interception in the modal load 

condition meets the requirements of the code. In the modal analysis of a sculpture, the 

first 100 orders of vibration modes are calculated, in which the accumulation of 

horizontal vibration modes reaches more than 0.9, and the mass participation 

information shows that vertical vibration occurs in the 18th order of the structure, and 

the mass participation coefficient is 0.04, the participation coefficient of vertical 

vibration is relatively small, and the accumulation of horizontal vibration modes 
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reaches 0.9 at the same time, which indicates that the structure is mainly subjected to 

horizontal and torsional vibration, and the vertical vibration can be ignored. This 

indicates that the structure is dominated by horizontal and torsional vibration, and the 

vertical vibration can be neglected. The results of the first seven orders of modal 

analysis are shown in Table 1, and the period and frequency of the sixth and seventh 

orders are the same, which are 0.3948 s and 2.5699 Hz. 

3.3. Analysis of calculation results 

3.3.1. Seismic effects analysis 

In this paper, the seismic action analysis of the structure is carried out by using 

the vibration mode decomposition reaction spectrum method. For heterogeneous 

structures with uneven mass and stiffness distribution, the torsional coupling effect of 

the structure should be considered in the seismic analysis. The torsional coupling 

effect under bi-directional seismic action should be calculated according to the 

following equation: 

𝑆𝐸𝑘 = max {√𝑆𝑥
2 + (0.85𝑆𝑦

2),√𝑆𝑦
2 + (0.85𝑆𝑥

2)} (7) 

where: 𝑆𝑥, 𝑆𝑦 is the unidirectional horizontal seismic effect in the 𝑋 -direction and 𝑌 -

direction, respectively. 

The bearing reactions of typical bearing members under different seismic 

conditions are shown in Table 2. Because the structure itself is flexible and the 

structure is located in a geographic location with small seismic intensity, the bearing 

reaction force under different seismic conditions is very small, the largest bearing 

reaction force is B53, the seismic direction is the Y-direction, and the forces in the 

three directions are 0.2 𝑘𝑁, 0.3 𝑘𝑁, and 0.8 𝑘𝑁, respectively. It can be seen that the 

seismic response of a sculpture structure is not obvious, and the seismic action can not 

be used as a control condition for the design of this sculpture. 

Table 2. The support reaction of the typical support rod in different seismic 

direction. 

Bar number Seismic direction 𝐹𝑋/𝑘𝑁 𝐹𝑌/𝑘𝑁 𝐹𝑍/𝑘𝑁 

A34 

X direction 0.15 0.2 0.2 

Y direction 0.15 0.2 0.2 

Bidirectional earthquake 0.1 0.1 0.3 

A42 

X direction 0 0.2 0.3 

Y direction 0.1 0.2 0.4 

Bidirectional earthquake 0.1 0.3 0.5 

B47 

X direction 0 0.1 0.1 

Y direction 0.1 0.15 0.2 

Bidirectional earthquake 0.15 0.2 0.5 

B53 

X direction 0.2 0.2 0.2 

Y direction 0.2 0.3 0.8 

Bidirectional earthquake 0.1 0.5 0.6 
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In finite element calculation, the loads acting on the model are categorized into 

three working conditions: gravity load, 𝑥 -way wind load, 𝑦 -way wind load, 𝑥 -way 

seismic action, and 𝑦 -way seismic action. 

The gravity loads are calculated by simply entering the acceleration of gravity 𝑔, 

and the program automatically converts the body loads into equivalent nodal loads 

without manual intervention. It should be noted that the value of 𝑔 is related to the 

units of length and force used in the modeling, and the units of length and force in this 

project are mm and N, respectively, accordingly 𝑔 = 9800 𝑁/𝑚𝑚2. 

The wind loads acting on the structure in the actual project are surface loads, but 

since the elevations of the model are composed of curved surfaces, it is more difficult 

to apply surface loads directly on these surfaces. The model can be divided into several 

regions first, and then the wind load in each region is artificially converted into an 

equivalent nodal load directly applied to the key nodes in the region. This treatment 

has a certain effect on the local area of the node where the load is applied, but has no 

significant effect on the stress distribution pattern of the whole model. 

ANSYS5.7 in the structure of the seismic role of the calculation need to first 

modal analysis of the model and on this basis according to the Chinese norms GBJ11-

89 according to the Ⅱ type of site 7 degrees of prevention of near-seismic input 

response spectral lines, the specific values are shown in Figure 1. In this project, seven 

vibration modes are taken for modal analysis and the maximum spectral value is 

0.08549 when the damping ratio is 0.05 and the frequency is 4 Hz. 

 

Figure 1. Reaction spectrum curve (Damping ratio = 0.05). 

3.3.2. Stress checking of members 

The ultimate load carrying capacity of the structure under all working conditions 

was modeled, and the results of the stress ratio envelope calculations for each unit are 

shown in Figure 2. Calculation results show that: under different working conditions, 

the maximum stress ratio of the cross-section strength of each member of a sculpture 

is 0.96987, and the strength of all members of the structure meets the design 

requirements. 
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Figure 2. Stress ratio distribution of each element of the structure. 

3.3.3. Overall stability analysis 

The traditional design of regular steel structure usually adopts the length 

coefficient method, and the key of this analysis method is to determine the calculated 

length coefficient of the member, so as to determine the compressive stability 

coefficient of the member, and consider the influence of factors such as initial defects 

and residual stresses of the structure on the structural stability through the compressive 

stability coefficient. However, for shaped steel structures, determining the calculated 

length coefficients of members becomes a difficult problem in the design of steel 

structures. In order to solve this difficulty, methods based on the integration of 

nonlinear analysis and design have received international attention and made 

continuous development. As such a method that integrates the influence of various 

nonlinear factors, the direct analysis method can accurately simulate the deformation 

and instability characteristics of the structure during the analysis process, consider the 

mutual influence of each element, and do not need to carry out the calculation length 

estimation and stability check of each member. In this paper, the overall stability of 

the sculpture structure is analyzed based on the direct analysis method. 

(1) Eigenvalue buckling analysis 

Eigenvalue buckling analysis can reflect the stiffness of the structure under the 

specified loading conditions. Since the eigenvalue buckling analysis is based on the 

assumption of small deformation, the buckling factor obtained in this way can only 

provide a reference for the overall stability analysis of the structure. In the eigenvalue 

buckling analysis of a sculpture structure, the following three loading conditions are 

considered: (1) constant load + live load (1.0DL+1.0LL), (2) constant load + wind 

load (1.0DL + 1.0W), and (3) constant load + live load + wind load (1.0DL + 1.0LL 

+ 1.0W). Figure 3 shows the eigenvalue buckling factor of the structure, and since 

buckling factor = buckling load/actual load, when the order is 5, the buckling factors 

for the three loading conditions are 208.5974, 114.1648, and 124.9748, respectively, 

and thus the structure has good overall stability. 
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Figure 3. The characteristic value buckling factor of the structure. 

(2) Nonlinear Buckling Analysis 

In the direct analysis method, the overall defects of the structure and the initial 

defects of the members need to be considered. According to the “Steel Structure 

Design Standard”, the destabilization modes of the structure are roughly divided into 

two categories: frame-type structure destabilization and mesh-shell structure 

destabilization. According to the first-order buckling mode of this sculpture, the 

overall instability mode of the structure is mainly lateral instability, which is similar 

to that of the steel frame structure. Therefore, the overall defect magnitude of the 

structure is taken as 𝐻/250 (𝐻 is the total height of the structure). 

The value of initial deformation resulting from initial defects and residual 

gravitational forces in the member can be calculated by the following equation: 

𝛿0 = 𝑒0 𝑠𝑖𝑛
𝜋𝑥

𝑙
 (8) 

where: 𝛿0 is the initial deformation value at 𝑥 from the end of the member, 𝑙 is the 

length of each segment when the member is produced, 𝑒0 is the initial deformation 

value at the central position of the member, and 𝑒0 in this project can be taken as 

𝑙/400. Since there are many rods in this sculpture, and there are many kinds of initial 

deformation directions for each rod. If a member has N neighboring members, and the 

initial deformation direction is calculated once every 45°, the most unfavorable 

bearing capacity in all directions should be calculated by 8𝑛+1  times of envelope 

calculation, which is a huge amount of workload for this kind of calculation. Therefore, 

in order to simplify the calculation, the project carried out four directions of the 

envelope calculation, that is, the establishment of four members of the initial defect 

model for calculation. 

3.3.4. Force conditions 

A total of 18 pieces of strain gauges were placed on the surface of the 

reinforcement bars of the test model, and the strain distribution of each part of the test 

model under all levels of loading was obtained by organizing and analyzing the data 

of the strain gauges on the surface of the reinforcement bars, and the load-strain curves 

of some of the reinforcement measurement points are shown in Figure 4. When the 

test was loaded to about 160 kN, some of the steel bars had yielded, and the No. 12 
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bar’s in the load to 160 kN, the steel structure began to yield, the strain was 150.4895 

𝜇𝜀, most of the members are close to the limit state. 

 

Figure 4. Tensile curve of steel bar. 

Table 3 shows the maximum positive and 𝑦𝑧 -plane shear stresses in various 

parts of the structure for the combined conditions compared to the material strength. 

The maximum positive stress of the structure is located in the connection area between 

A42 and B47, which is about 22.9364% of the material strength, and the maximum 

shear stress in the 𝑦𝑧 -plane is less than 10% of the material strength. 

Table 3. Local construction of maximum positive stress and shear stress. 

Bar part 

Maximum positive stress Plane shear stress 

𝝈𝒎𝒂𝒙 (N/mm2) 
𝝈𝒎𝒂𝒙

𝒇𝒚𝒕
 (%) 𝝉𝒚𝒛 (N/mm2) 

𝝉𝒚𝒛

𝒇𝒚𝒗
 (%) 

A34 14.5648 8.1685 7.0294 3.5198 

A42 41.2696 22.9364 18.1765 9.1295 

B47 5.2199 2.9158 3.1835 1.6495 

B53 18.8265 10.5264 2.5678 1.3254 

C64 16.7519 9.3285 4.5936 2.3965 

C72 12.2639 6.8159 4.2165 2.1854 

D35 13.1597 7.3688 3.9854 2.0639 

Note: 𝑓𝑦𝑡 = 180 𝑁/𝑚𝑚
2, 𝑓𝑦𝑣 = 200 𝑁/𝑚𝑚

2. 

Figure 5 shows the period of the first seven vibration patterns in the structural 

modal analysis, for comparison, the figure also lists the results of SAP2000 

calculations. As can be seen from the table, with ANSYS5.7 on a sculpture structure 

of the solid finite element modeling results, most of the period of each vibration mode 

is smaller than the rod model, vibration mode period of 1, ANSYS5.7 finite element 

analysis model under the cycle length of 0.5185 s, SAP2000 model for 0.5469 s. 



Molecular & Cellular Biomechanics 2025, 22(3), 1131.  

12 

 

Figure 5. The period of the first seven oscillations in the structure modal analysis. 

This is mainly due to the fact that the dimensional effects of each part of the 

structure are fully considered in the solid analysis, and the stiffness of the structure is 

increased compared with the rod model. 

4. Conclusion 

In this paper, through the experimental simulation of the principle of biological 

system, after finishing, analyzing and then refining, we design a sculpture similar to 

the characteristics of the principle of biological system from three aspects: form, 

function and structure. Based on the force characteristics of the sculpture structure, a 

spatial finite element model is constructed to analyze the structural modes of the 

sculpture. 

(1) The seismic analysis of the sculpture is carried out by using the vibration 

mode decomposition reaction spectrum method. Due to the good flexibility of the 

structure itself and the small seismic intensity of the geographic location where the 

structure is located, the bearing reaction forces under different seismic conditions are 

extremely small. The maximum bearing reaction force B53, the seismic direction is Y 

direction, the three directions of the force are 0.2 𝑘𝑁, 0.3 𝑘𝑁, 0.8 𝑘𝑁, the sculpture 

structure is not obvious to the seismic response. 

(2) Modal analysis is carried out according to the Chinese code, and the input 

response spectra of the 7-degree protection near-earthquake show that the maximum 

spectral value is 0.08549 when the damping ratio is 0.05 and the frequency is 4 Hz. 

(3) Calculate the ultimate bearing capacity of the sculpture components, bionic 

design of a sculpture cross-section strength of the maximum stress ratio of 0.96987, 

the structure of all the components of the strength to meet the design requirements. 

(4) The stiffness of the structure under the specified loading conditions is 

analyzed by eigenvalue buckling analysis, and when the order is 5, the buckling factors 

under the three loading conditions are 208.5974, 114.1648, and 124.9748, respectively, 

and thus the structure has good overall stability. 

In summary, based on the principle of structural dynamics, this paper analyzes 

the influence mechanism of factors such as the shape, mass distribution and connection 

mode of the sculpture structure on the vibration mode, and explains the relationship 

between the modal characteristics and the structural performance. Through the 

analysis of the overall stability of the structure, the weak link that affects the stability 



Molecular & Cellular Biomechanics 2025, 22(3), 1131.  

13 

of the structure is revealed. The bearing capacity of the whole structure can be 

significantly improved by adding a transverse partition beam in the sculpture. It can 

be seen from the nonlinear load-displacement curve that the sculpture structure has 

good ductility and local instability. In the future, the further analysis of the spatial 

effect of the sculpture structure is the focus of theoretical and experimental analysis in 

the future. 
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