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Abstract 

In order to explore the damage problem in the use of university chairs, chairs in the 
public teaching building in Henan university of Science and Technology was chosen as 
the prototype. Firstly, the mechanical model of it was established and its static analysis 
was carried out. Then the finite element model was established. Based on the theory of 
the suitable isobaric distribution of ischium and thigh body pressure under different 
sitting posture, considering the different loading in the actual process of using, 16 
working conditions were statically analyzed. The position of maximum deformation and 
maximum stress were obtained. As a result, based on the position of maximum stress, 
the steel frame and metal baffle were chosen to be cyclically loaded to perform fatigue 
analysis. The maximum equivalent stress is at the intersection of the steel frame and the 
connecting shaft when chairs are subjected to the three loads: load on the front end of 
the seat, load on the middle of the seat, load on the rear end of the seat. The fatigue life 
of the steel frame at the position of maximum stress is the shortest, only 18906 cycles. 
When the load is leaning against the backboard, the position of the maximum equivalent 
stress is at the metal baffle. And the value of maximum average stress of the model with 
a tableboard is larger than it without. When the metal baffle is cyclically loaded, the 
calculation result of the fatigue life of the finite element model with a tableboard is 82.24% 
larger than that without. 
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1. Introduction 

University chairs are the learning and application items that are frequently used in students’ daily life. 

With the increasing of the number of students, different degrees of damage was found in classrooms 

in the process of frequent using, which will inevitably affect students’ learning efficiency[1,2]. 

Therefore, it is of great importance to make mechanical and fatigue analysis. Then the ,damage 

conditions and service life of chairs will be better understood. At present, there are mainly two fields 

of mechanical analysis on furniture like chairs. One is the research on the influence of materials on 

the mechanical properties. For example, Fu, et al. [3] compared the mechanical analysis results of 

three materials, recombinant bamboo, rosewood and elm by conducting finite element analysis. And 

they verified the important value of recombinant bamboo in the application of chairs. Mao, et al. [4] 

established the selection indicators of solid wood furniture by performing mathematical analysis on 

24 kinds of wood. Lu, et al. [5] intuitively understood the structural strength of each part of the 

furniture by analyzing the strength of fruit tree furniture with ANSYS, so as to provide a 

comprehensive reference standard for the next furniture optimization design. All of the above have 
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explored the application value of table and chair furniture in different materials and their influence 

on the mechanical properties to some extent, but there is a lack of further research on their 

characteristics in actual using. The other is the research on the influence of structure on the 

mechanical properties. In this field, Yu, et al. [6] used the finite element method to conduct static 

analysis of the traditional official hat chair with the material of rosewood and explored the stress 

condition and fatigue life of its components. Liu, et al. [7] took the armchair as a research subject, 

carried out mechanics tests on the key parts of the chair through the detecting equipment and assessed 

the defects of the whole structure. Xu, et al. [8] conducted static load test on chair rattan furniture, 

summarized the test plan and data in the process, and proposed the method of static load on chair 

rattan furniture. However, research on the damage and its causes to the chairs can barely be found, 

and so does the influence of different force states on the damage of chairs.  

The rest of this paper is organized as follows. Modeling and analysis of mechanic elaborates the 

establishment of the calculation model and theoretical analysis to the seriously damaged parts. 

Establishment of the model represents the establishment of the solid model and finite element model 

of the chairs. In the static analysis, static analysis is carried out to the finite element models under 16 

working conditons. And equivalent stress and total deformation are obtained. In analysis of fatigue, 

steel frame and metal baffle are chosen as the dangerous components, combined with the S-N curve 

of material, fatigue analysis is carried out. Then the fatigue life and fatigue damage are obtained. 

Finally, conclusion draws a conclusion of the current work. This paper has rich reference value in the 

design and manufacture of chairs.    

2. Modeling and Analysis of Mechanic 

Therefore, in order to explore the damage situation of chairs, chairs in Henan University of Science 

and Technology was taken as the research subject. The model of different working conditions was 

established and statically analyzed. Through the analysis of force state and fatigue life under different 

working conditions, the main damage components and dangerous areas were obtained. And this paper 

has great value in the design and manufacture of chairs. 

Through the investigation on the damage of chairs in the public teaching building of Henan University 

of Science and Technolgy, it was found that the damage of the seat support is the most serious. 

Therefore, taking the damage of seat support as the example, the physical model of chairs was 

established and analyzed. The simplified model is shown in figure 1. 

 

 

  

Figure 1. Simplified model 

 

Firstly, assumptions were made for the mechanical model: (1) According to the characteristics of the 

overall structure and the material properties of the components, all components are regarded as rigid 

bodies. Considering the structural characteristics and stress characteristics of the chairs, the 

mechanical model was simplified and analyzed. When a person is sitting on a chair, the whole chair 

in the X-axis direction is not affected by force. If the chair components are elastomers, when a person 

sits on the chair, the seat will deform slightly. According to the knowledge of elastic mechanics, strain 

will be produced on the seat surface, resulting in stress in the horizontal direction. To simplify the 
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analysis, if the chair components are set as rigid bodies, then there is no force in this direction. (2) 

Regardless of the influence of the force in the X-axis direction on the performance of the chair, only 

the force in the Y-axis and Z-axis directions were analyzed. And the chair load-bearing plane was 

simplified to the axis of rotation. Since the investigation found that the main damage of the actual 

chairs was mainly due to the damage of the connecting shafts, the stress analysis was mainly carried 

out on the shafts to check the strength of chairs, and analyze the reasons for the damage of the chairs. 

Considering that the force of the chair is three-dimensional space, the constraint of the chair support 

was simplified as fixed end constraint. The schematic diagram of the overall force of the chair is 

shown in Figure 2. 

 

  

Figure 2.The overall force of chairs Figure 3. The force of the bar 

 

Assuming that the average weight of a college student is 70Kg, taking g=9.8m/s-2, and the weight it 

receives is equivalent to the force P exerted on the chair after the student sits down. Since the posture 

of the student sitting down evenly occupies the seat, the gravity exerted on the student is simplified 

to uniformly distributed load q on the seat. And the seat surface is simplified as AA' rod, as shown in 

Figures 2 and 3.  

To analyze the overall force of desks and chairs: 

 

14.9N/m,  ' 686N,  

0,  686N, 686N 0.225 154.35N/mDx Dy D

q p q AA

F F M

= =  =

= = =  =
 

 

Taking AA′rod as the subject, the stress analysis was carried out: 

Listing the equilibrium equation: 

 

∑𝐹𝑥 = 0, 𝐹𝐴𝑥 = 𝐹𝐴′𝑥 = 0        (1) 

 

∑𝐹𝑦 = 0, 𝐹𝐴𝑦 = 𝐹𝐴′𝑦 − 𝑃 = 0      (2) 

 

∑𝑀𝐴 = 0, 𝐹𝐴′𝑦 × 𝐴𝐴
′ − 𝑃 ×

1

2
𝐴𝐴′ = 0     (3) 

 

Simultaneous equation: 

 

' 343NAy A yF F= =
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As shown in Figure 4, the chairs were connected with bolts at their supports. Through actual 

observation, it was found that most of the chairs in Henan University of Science and Technology 

were damaged due to broken bolt connections or failure of rotation restraint, resulting in chairs being 

difficult to use. For screws subject to longitudinal loads, when a person sits on the chair, the shaft of 

the chair is subjected to uniform load, and the bolt fixed at the shaft is subjected to shearing force as 

shown in Figure 4. Steel of Q235 and bolts with a diameter of 15mm were used. The permissible 

stress of Q235 steel ([τ] =98MPa) and the shear area A=πd2/4 can be known by looking up the table. 

According to the practical shear strength conditions: 

 

  

Figure 4.Schematic diagram of shear calculation 

 

So, 

 

(4) 

 

The calculation results show that the ultimate bearing capacity of the bolt (17318N) is far greater than 

the actual force (343N). Therefore, the main damage of the chair at the bolt should be fatigue damage. 

3. Establishment of the Model 

3.1 Intoduction to the Model 

University row chairs are mainly composed of backboard, standing feet, table board, chairseat, 

bracket as shown in Figure 5(a). In this paper, row chairs in the public education building were chosen 

for the prototype design. The model is shown in Figure 5(b) and the specific size is shown in Figure 

5(c) and Figure 5(d). 

 

    

(a) (b) (c) (d) 

Figure 5. Model of chairs: (a) Solid model of chairs, (b) Stucture model of chairs, (c) Front view of 

the model and (d) Side view of the model. 

 

To show the components in the model more clearly, the model shown in Figure 5(b) was wireframed 

and enlarged [9]. Its specific structure is shown in Figure 6, wherein the thickness of each model is 

2mm. The steel frame, connecting shaft, and metal baffle are the main components that are about to 

be analyzed. The hole in the steel frame is 15mm in diameter, the connecting shaft is16 mm in 

diameter and its length is 60mm. 

[ ] ,  17318NS S SF A F= =



International Core Journal of Engineering Volume 8 Issue 11, 2022 

ISSN: 2414-1895 DOI: 10.6919/ICJE.202211_8(11).0011 

 

88 

 

 

 

Figure 6. Components structure of chairs 

3.2 Establishment and Meshing of the Finite Element Model 

In order to simulate the structure of the row chairs, chairs were divided into single chair and double 

chair model. Considering the circumstance that the last row of chairs have no tableboards, chairs were 

divided into the ones with tableboard and the other ones without. Then four kinds of model were 

established as shown in Figure 7. 
 

    

(a) (b) (c) (d) 

Figure 7. Finite element model of the chairs: (a) one chair with tableboard, (b) one chair without 

tableboard, (c) two chairs with tableboard and (d) two chairs without tableboard 

 

The division of model meshing is very important to the force analysis. The quality of the grid will 

affect the accuracy of finite element calculation [10,11]. In order to obtain the calculation results more 

accurately, the grid size was set to 5mm. The meshed chair model is shown in Figure 8. 

 

  

 

 

(a) (b) (c) 

Figure 8. The division of model meshing: (a) meshing of one chair without tableboard, (b) meshing 

of two chairs with tableboard and (c) meshing of components 
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4. Static Analysis 

4.1 Material Parameters 

After the model was imported into finite element analysis software, birch material properties were 

assigned to the backboard, tableboard,and chair seat. Structural steel material properties were 

assigned to the rest components. The simulation parameters of materials were shown in Table 1. 

 

Table 1. Material parameters 

Materials Density Young modulus Bulk modulus Shear modulus Poisson’s ratio 

 (kg/m3) (Gpa) (Gpa) (Gpa)  

Birch 686 15.20 20.106 55.313 0.374 

Structural steel 7850 200.0 166.670 76.923 0.300 

4.2 Analysis of Loads 

Chairs in Univerities are often subjected to static load, impact load and cyclic load in the using process. 

Considering the common situation that students sit in the chairs in the same posture for a long time, 

the impact of static load to the chairs was mainly studied. The size, position of the load and the mode 

of loading were based on the actual force mode and ergonomics, so as to obtain results that are more 

realistic and reasonable[12]. 

First of all, the load size was determined by the general age of college students according to the 

“Chinese adult human body size”[13] national standard GB1000-88. According to the human body 

percentage P95 standard, the weight of a male is 70kg; The weight of a female is 60kg. In the 

simulation, the maximum value of 70kg was taken as the experimental standard. 

Secondly, the load position was determined through the general investigation of the sitting position 

of students and the measurement of contact area. The measurement of load position is shown in Figure 

9. In this paper, the load size was divided into 4 forms: sitting in front end of seat, sitting in tht middle 

of seat, sitting in the rear end of seat and leaning aganist the backboard of the chair as shown in Figure 

10. In the fourth form of load, when leaning against the backboard, the seat is loaded with the same 

area as in the third, but the magnitude of the load is changed. 
 

 

  

(a) (b) 

  

(c) (d) 

Figure 9. Measurement 

of load position 

Figure 10. Diagram of load position:(a) front end of the seat, (b) 

middle of the seat, (c) rear end of the seat, (d) leaning on the 

backboard. 
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Finally, the determination of the loading mode is based on Tian, et al. [14] ergonomic exploration of 

chairs in universities. Combining the suitable isobaric distribution of ischium and thigh body pressure 

with the investigation of how college students using chairs, the loading modes were divided into 4 

forms. According to the human body pressure ditribution, under the cusp of the ischium, there is much 

pressure, which is gradually reduced along its circumference, and there is only slight pressure on the 

periphery of the hip and the front of the thigh. 4 forms of loads are shown in Figure 11. 

 

  

(a) (b) 

  

(c) (d) 

Figure 11. Forms of loading: (a) load on the front end of the seat, (b) load on the middle of the seat, 

(c) load on the rear end of the seat, (d) load of leaning against the backboard. 

4.3 Introduction to the Working Conditions 

In order to explore the damage of chairs more accurately under different conditions, the difference 

between applying a load to one chair and loads to both chairs were considered based on the integrity 

of curriculum; the difference between the model with tableboard and without were considered based 

on the position of a row of chairs; the influence of different load forms were considered based on 

different sitting posture.Through the considerations above, 16 working conditions were determined 

as shown in Table 2.  
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Table 2. Working conditions 

Working condition Model Forms of loading 

1 One chair without tableboard Loading on front end of the seat 

2 One chair without tableboard Loading on the middle of the seat 

3 One chair without tableboard Loading on the rear end of the seat 

4 One chair without tableboard Loading on leaning on the backboard 

5 One chair with tableboard Loading on front end of the seat 

6 One chair with tableboard Loading on the middle of the seat 

7 One chair with tableboard Loading on the rear end of the seat 

8 One chair with tableboard Loading on leaning on the backboard 

9 Two chairs without tableboard Loading on front end of the seat 

10 Two chairs without tableboard Loading on the middle of the seat 

11 Two chairs without tableboard Loading on the rear end of the seat 

12 Two chairs without tableboard Loading on leaning on the backboard 

13 Two chairs with tableboard Loading on front end of the seat 

14 Two chairs with tableboard Loading on the middle of the seat 

15 Two chairs with tableboard Loading on the rear end of the seat 

16 Two chairs with tableboard Loading of leaning on the backboard 

4.4 4.4 Calculation of finite element 

Firstly, finite element analysis software was used to preprocess the model based on the material 

parameters and mesh divison mentioned above. Then the mode of contact was set among the 

components of the model. Next the“fixed support” boundary condition was set on the sole surface of 

the model and loads were applied to the model. Finally, the equivalent stress and total deformation 

of the model under 4 forms were solved. The calculation results are shown in Table 3, Table 4, Table 

5 and Table 6.  

 
Table 3. Calculation results of load on front end of the seat 

Model 

The maximum 

stress 

(MPa) 

Position of the 

maximum stress 

The maximum 

deformation 

(mm) 

Position of the 

maximum deformation 

One chair without 

tableboard 
172.54 Steel frame  0.98440 Seat 

One chair with 

tableboard 
172.51 Steel frame 0.89432 Seat 

Two chairs without 

tableboard 
177.03 Steel frame 0.95353 Seat 

Two chairs with 

tableboard 
174.23 Steel frame 0.94265 Seat 
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Table 4. Calculation results of load on the middle of the seat 

Model 

The maximum 

stress 

(MPa) 

Position of the 

maximum stress 

The maximum 

deformation 

(mm) 

Position of the 

maximum deformation 

One chair without 

tableboard 
106.00 Steel frame 0.36146 Seat 

One chair with 

tableboard 
105.64 Steel frame 0.36095 Seat 

Two chairs without 

tableboard 
112.45 Steel frame 0.40189 Seat 

Two chairs with 

tableboard 
115.30 Steel frame 0.39258 Seat 

 

Table 5. Calculation results of load on the rear end of the seat 

Model 

The maximum 

stress 

(MPa) 

Position of the 

maximum stress 

The maximum 

deformation 

(mm) 

Position of the 

maximum deformation 

One chair without 

tableboard 
121.78 Steel frame 0.83765 Seat 

One chair with 

tableboard 
121.23 Steel frame 0.83732 Seat 

Two chairs without 

tableboard 
133.19 Steel frame 0.83492 Seat 

Two chairs with 

tableboard 
134.40 Steel frame 0.83337 Seat 

 

Table 6. Calculation results of load on leaning on the backboard 

Model 

The maximum 

stress 

(MPa) 

Position of the 

maximum stress 

The maximum 

deformation 

(mm) 

Position of the 

maximum deformation 

One chair without 

tableboard 
165.07 Metal baffle 0.60469 Seat 

One chair with 

tableboard 
143.84 Metal baffle 0.60656 Seat 

Two chairs without 

tableboard 
160.59 Metal baffle 0.60235 Seat 

Two chairs with 

tableboard 
133.46 Metal baffle 0.62080 Seat 

4.5 Analysis of the Calculation Results 

It can be seen from the calculation results that under the first three forms of load, the position where 

the maximum stress occurs is the intersection of the steel frame and the connecting shaft. Under the 

condition of loading on the front end of the seat, the average maximum stress is 174.08MPa, which 

increases by 58.47% compared to the condition of loading on the middle of the seat, whose average 

maximum stress is 109.85MPa. So it can be concluded that the forms of loading have a great influence 

on the calculation result of maximum stress. Therefore, in order to more clearly explore the effect of 

different loading forms on the equivalent stress of chairs, the equivalent stress comparison chart was 

observed as shown in Figure 12. 
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Working condition 1 Working condition 2 

  

Working condition 3 Working condition 4 

Figure 12. Comparison of equivalent stress of different load forms 

 

At the same time, it can be seen from the calculation results in Table 3 and Table 6 that the position 

where the maximum deformation occurs is the seat. And when the seat surface is under the load on 

the front end, the mean value of the maximum deformation is the largest, which increases by 148.9% 

compared with the condition of loading on the middle of the seat surface with the smallest calculation 

result. It can be concluded that the loading forms have an inseparable influence on the total 

deformation of birch chair. In order to more clearly explore the impact of different load forms on the 

total deformation of birch chair, the comparison diagram of the total deformation under different 

loads was observed as shown in Figure 13. 

 

  

Working condition 1 Working condition 6 
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Working condition 12 Working condition 16 

Figure 13. Deformation comparison of different model 

 

In order to explore the stress of specific components of chairs, the comparison diagram of equivalent 

stress of steel frame in working condition 9 with the maximum equivalent stress and working 

condition 6 with the minimum equivalent stress were observed respectively in post-processing as 

shown in Figure 14.  

 

  

(a) (b) 

 
 

(c) (d) 

Figure 14. Comparison of equivalent stress of the steel frame and connecting shaft: (a) equivalent 

stress of the steel frame in working condition 9, (b) equivalent stress of the connecting shaft in 

working condition 9, (c) equivalent stress of the steel frame in working condition 6, (d) equivalent 

stress of the connecting shaft in working condition 9. 

 

It can be seen from the figure that for the steel frame, the maximum equivalent stress is mainly 

concentrated at the circular hole and the bottom surface of the steel frame. The relatively larger stress 

value is caused by the stress concentration. There are also 2 regions of maximum equivalent stress 

for the connecting shaft. One is the fixed end connected to the foot of the stand. The maximum 
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bending stress results in a large equivalent stress value. The other is the intersection of the steel frame 

and the connecting shaft. The large equivalent stress is due to the larger shear force. According to the 

static analysis of the mechanical model, the ultimate bearing capacity of the connecting shaft of the 

chair is much larger than the actual force, and the main damage is fatigue damage. 

For the loading form of leaning against the backboard, it is shown that the maximum stress occurs in 

the metal baffle which was used to fix the backboard.The mean value of the maximum stress in the 

model without tableboard is 162.83MPa, which increases by 17.44% compared with the one with 

tableboard. So the tableboard does have a influence on the result of maximum stress. Therefore, the 

comparison diagram of equivalent stress of metal baffle in working condition 4 and working condition 

16 were respectively observed in post-processing as shown in Figure 15.  

 

  

Equivalent stress of working condition 4 Equivalent stress of working condition 16 

Figure 15. Comparison of equivalent stress of the metal baffle 

 

In addition, for the metal baffle, the maximum stress is mainly concentrated at the bend of the baffle, 

and the relatively large stress value in this area is due to the large bending moment in this area. 

Therefore, when chairs are under the load of leaning against the backboard, the bending part of the 

metal baffle would be the first to deform or even break. 

5. Analysis of Fatigue 

5.1 Determination of the Fatigue Location 

The fatigue failure of an object often starts from a certain point or area on the surface of the material. 

Therefore, the first prerequisite for fatigue life calculation is to determine reasonable dangerous areas 

[15]. From the finite element calculation results above, it can be seen that under the first three load 

forms, a large local contact stress is generated at the intersection of the steel frame and the connecting 

shaft. Under the fourth load form, a large local contact stress is generated at the bending of the metal 

baffle. Therefore, steel frame and metal baffle were selected as the two main dangerous components. 

5.2 Calculation of the Fatigue Life 

The S-N curve method is one of the most commonly used methods for fatigue life assessment [16, 

17]. In this paper, by referring to the research on the fatigue performance of birch by Cheng, et al. 

[17] the S-N curve of birch was input into finite element software to add fatigue properties to the 

material. However, in the actual calculation of the fatigue life of chairs in universities, it is not easy 

to directly judge the fatigue life of the components according to the S-N curve of the material. 

Therefore, considering the influence of different structures and conditions on the S-N curve of the 

material, the fatigue strength factor of the material was set to 0.8. At the same time, in order to correct 

the influence of average stress, Goodman theory was adopted in fatigue simulation [18]. 

 
𝜎𝑎

𝜎−1
+

𝜎𝑚

𝜎𝑢𝑡𝑠
= 1               (5) 
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In this formula, a  is the stress amplitude and m  is average stress, uts  is the tensile strength, 

1 −  is the constant-life fatigue strength under symmetrical cycles. 

Finally, the fatigue life of the steel frame under the first three load forms was obtained as shown in 

Figure 16. 

 

 

Figure 16. Histogram of fatigue life 

5.3 Results and Discussion 

It can be seen from the figure that under the first three loading forms, the fatigue life is the largest 

under the load on the middle of the seat, and the average fatigue life is 103008 cycles, followed by 

the load on rear end of the seat, whose average fatigue life is 59887 cycles. The life of the steel frame 

under the load on the front end of the seat is the smallest. Its average fatigue life is only 18906 cycles, 

which is 81.65% less than the life of the steel frame under the load on the middle of the seat. At the 

same time, it can be seen from the figure that for the three different forms of load, the fatigue life of 

the steel frame in the model with a tableboard is always longer than that of the model without a 

tableboard. So in the first three load cases, the difference of the load forms and the difference of the 

finite element model have an impact on the fatigue life calculation results of the dangerous component, 

between which the load forms have a greater influence. 

Based on the fatigue life calculation data of the steel frame, the number of cycles of fatigue analysis 

was set to 105 in the finite element software. And fatigue analysis was conducted on the steel frame 

of the dangerous component. Then the maximum and minimum calculation results were obtained. 

The fatigue damage comparison chart is shown in Figure 17. 

 

  

a) b) 

Figure 17. Comparison of fatigue damage of steel frame: (a) fatigue damage of working condition 

6, (b) fatigue damage of working condition 9. 
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It can be seen from the figure that the maximum fatigue damage of the steel frame occurs at the top 

of the hole where the steel frame contacts the connecting shaft under working condition 6. The 

maximum fatigue damage is 0.85216 (less than 1), which proves that the steel frame of dangerous 

components would not be damaged. The maximum fatigue damage position of the steel frame under 

working condition 9 is the same as that of working condition 6. And the maximum fatigue damage is 

5.6073 (greater than 1), proving that structural damage would occur to the structural steel frame 

during the loading process. Also, the fatigue damage value at the intersection of the bottom surface 

of the steel frame and the support shaft is greater than 1, which proves that structural damage would 

occur in this area during the loading process, too. 

 

 

Figure 18. Fatigue life of the metal baffle 

 

In the same way, the fatigue life of the metal baffle under the load form leaning against the backboard 

was solved. The calculation result is shown in Figure 18. It can be seen from the figure that the metal 

baffle of the model with a tableboard would increase the fatigue life of the metal baffle by 82.24% 

compared with the model without a tableboard. It is indicated that whether it is leaning on the 

backboard is the main factor of the calculation result. 

Then the number of cycles of the fatigue analysis was set to 105. The fatigue damage comparison 

diagram of the metal baffle with the maximum calculation result under working condition 16 with 

the minimum calculation result of working condition 4 was obtained as shown in Figure 19. 

 

  

(a) (b) 

Figure 19. Comparison of fatigue damage of metal baffle: (a) fatigue damage of metal baffle in 

working condition 16, (b) fatigue damage of metal baffle in working condition 4. 
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It can be seen from the figure that the maximum fatigue damage position of the metal baffle is at the 

top of the bending regardless of working condition 16 or working condition 4. Their maximum fatigue 

damage values are both larger than 1, which proves that the structural damage of metal baffle would 

occur during the cyclic loading on the backboard. In addition, the maximum fatigue damage of 4.3736 

under working condition 4 is 118.11% larger than the maximum fatigue damage of 2.052 under 

working condition 16.  

 

  

(a) (b) 

Figure 20. Destruction of the chairs: (a) Damage of the intersection of the steel frame and the 

connecting shaft, (b) Damage of the metal baffle. 

 

At the same time, after a large number of investigations on the damage to the chairs in the classrooms 

of the school's public education building, it was found that there were two main forms of damage. 

One is the abrasion on the intersection of the steel frame and the connecting shaft, leading the size of 

the round hole on the steel frame continues to change, which means that there would be a radial 

displacement between the two, causing shaking, harsh noise and even the phenomenon of the seat 

falling off the connecting shaft. The other is that the metal baffle is damaged during the recycling use, 

that is, the bend of the metal baffle is greatly bent, causing the backboard to loosen or even fall off. 

This situation usually occurs in the back row of the classroom as shown in Figure 20. The actual 

situation is consistent with the results of the finite element analysis, which fully demonstrates the 

feasibility of the analysis. 

6. Conclusion 

In this paper, the chairs in the public education building of Henan University of Science and 

Technology were chosen as the prototype. And the solid models of chairs were established. Based on 

the human body pressure distribution, static analysis was conducted on the chairs under 16 working 

conditions through finite element analysis software. Then the maximum deformation and maximum 

stress position of different working conditions were obtained. At the same time, based on the location 

of the maximum stress, the steel frame and the metal baffle were selected as dangerous components, 

and the fatigue analysis was carried out by applying cyclic loading to them. Conclusions are as 

follows: 

(1) Under the first three loads on the seat, the position of the maximum equivalent stress is all at the 

intersection of the steel frame and the connecting shaft. And the maximum equivalent stresses of the 

three are 174.08MPa, 109.85MPa and 127.65MPa respectively. It can be seen that under these three 

load forms, the maximum equivalent stress average value is the smallest when loaded on the middle 

of the seat surface.  

(2) The maximum fatigue life of the steel frame is separately 18906 cycles, 103008 cycles and 59887 

cycles when the steel frame is cyclically loaded under the first three loading forms. When the number 
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of cycles of fatigue analysis is set to 105, the maximum fatigue damage of the steel frame under 

working condition 9 and working condition 6 is 5.6073 and 0.85216 respectively. It can be seen that 

under the first three loading forms, the structure of the chair is the safest when subjected to load on 

the middle of the seat. And the steel frame has the longest fatigue life and the least damage.  

(3) Under the load of leaning against the backboard, the position of the maximum equivalent stress is 

at the bending of the metal baffle. And the maximum stress average value in the model without 

tableboard is 162.83MPa, which is 17.44% higher than that in the model with tableboard. The 

maximum equivalent stress average value of the model with a tableboard is the smallest. At the same 

time, when the metal baffle is cyclically loaded under this load, the calculation result of the fatigue 

life of the metal baffle with a tableboard is 82.24% larger than that of the metal baffle without a 

tableboard. The maximum fatigue damage under working condition 4 is 118.11% larger than that 

under working condition 16. It can be seen that for the load of leaning against the backboard, the 

structure of the chair with the tableboard is safer than the structure without. 
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