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Abstract—The chair is essential seating furniture in virtually all our daily activities. The 

present study observes that the anthropometric data, seating posture, and hard sitting are 

all equally crucial design parameters in chair design. Studies often focus on one design 

criteria while neglecting the others. Insufficient design criteria for chairs have caused 

many premature failures resulting in human injuries and loss of resources. Relevant 

anthropometric data from previous studies are considered for defining the dimensions of 

an ergonomic metal chair frame that forms the basis for an ergonomic chair. The person's 

weight at the center of gravity is transferred to the chair frame using suitable rigid body 

elements. The displacement and stress values from the static analysis are observed. The 

Variation of the values from the normal seating posture, which is the commonly used 

position in chair frame design, is observed.  Variation of displacement and stress values 

under four seating postures highlights the importance of posture as a design criterion to 

ensure the structural integrity of the chair frame. The present study also recognizes hard 

sitting as an essential design criterion. Hard sitting, an impact load, and an observed 

phenomenon in sitting, is analyzed as an equivalent static load. The analysis shows that 

the increase in stress under impact load is approximately 5.4 times the same load applied 

as a dead weight. The present study is a preliminary work in understanding the 

importance of seating posture and hard sitting as chair and chair frame design 

parameters.  
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I.  INTRODUCTION 

Chairs are the most commonly observed seating 

furniture that finds application in almost any place like 

homes, workplaces, and public places. Its primary purpose 

is to provide the user with a comfortable and ergonomic 

seating posture. It helps them carry out the desired 

activities like communication, studies, work, research, 

watching movies, and playing games for a longer duration 

without fatigue and with higher efficiency. The inability of 

a chair to perform its function satisfactorily signifies its 

failure. Failure of a chair can mean stress magnitudes 

beyond its design limit, resulting in fracture or excessive 

yielding. It often leads to human injury of varying degrees 

[1, 2]. Failure of a chair can also imply its inability to 

provide the desired comfort level due to poor ergonomics. 

It causes musculoskeletal disorders [3, 4]. Anthropometry 

is a crucial aspect of chair design [5]. If adequately 

included in chair design, anthropometry can significantly 

improve the ergonomics and comfort level of the chair. 

However, most studies in the public domain concentrate on 

one aspect of design while neglecting the other. 

Anthropometric data showed Variation among races, 

countries, states, age, and even gender [6-9].  

Anthropometric data from various sources [10–15] is 
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studied and compared. Experimental analysis of body 

weight distribution on the chair seat components under 

various configurations signifies the importance of finding 

an optimal configuration to reduce the load distributed to 

the seat to help alleviate the stress on the spine [16]. 

Sandbag free drop tests at various heights [17] provide the 

necessary data to simulate hard sitting conditions. The 

effects of different seat foundations on the magnitude of 

impact forces are also observed. The finite volume method 

is used for understanding the displacement and stress 

distribution in a wooden chair skeleton [18]. Stiffness 

analysis of a statically indeterminate wooden chair frame 

based on the direct stiffness method and numerical 

software analysis shows a good correlation between the 

methods [19]. 

The present study highlights the importance of 

integrating anthropometric data in structural design for 

creating an ergonomic chair. The seating posture and hard 

sitting as essential criteria in chair and chair frame design 

are also considered in depth in this study through numerical 

analysis. This work also highlights that it might be more 

appropriate to model user loads as impact loads to avoid 

any unforeseen structural failures. 

II.  ASSUMPTIONS 

1. The chair frame material is isotropic, homogeneous, 

and continuous. 

2. The leg's contact with the ground is modeled as fixed 

support.  

3. The person's center of gravity is in the plane of 

symmetry. 

4. All the frame joints are ideally welded with the same 

base material. 

5. The mass of the person sitting on the chair is 100 kg. 

III.  DESIGN METHODOLOGY 

The anthropometric data of an ergonomic chair for 95 

percentile of males is taken from [9]. Considering this data 

as a primary reference and giving suitable allowances for 

frame thickness and comfort, a chair frame is modeled 

using CATIA. The material considered for the chair frame 

is Al2024 alloy. It is selected based on the requirements of 

a chair frame. It has a high strength-to-weight ratio and 

relatively low density. The relevant material properties are 

given in Table 1. A technical drawing of the chair frame 

with relevant dimensions is shown in Figure 1. 

TABLE Ⅰ 

MATERIAL PROPERTIES 

Name Value 

Material Al2024- T351 

Density (kg/ ) 2770 

Young's Modulus of Elasticity (GPa) 72.4 

Poisson ratio 0.33 

Tensile Yield Strength (MPa) 325 

 

 

Figure 1: Chair frame dimensions 

The CAD model of the chair frame is designed as a 

single solid component. The legs have a square cross-

section of side 5 mm. The 3D model is discretized by 

exporting it to Hypermesh for meshing. A convergence 

study is done to determine the optimal mesh size for an 

optimal tradeoff between accuracy and computation time. 

The Variation of displacement with element size is shown 

in Figure 2. The results of the convergence study show that 

an element size of 6 is optimal for the model. 

The material properties and boundary conditions are 

added to the discretized model. The chair is assumed to be 
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rigidly fixed to the ground. All the chair frame nodes in 

contact with the ground are constrained in all six degrees of 

freedom. 

 

Figure 2: Convergence Study 

Static analysis of the chair frame is carried out under 

various seating postures to evaluate the Variation of 

parameters like stress and displacements. An equivalent 

impact loading is also carried out to consider the effect of 

hard sitting on design to avoid unexpected failures. 

IV.  ANALYSIS AND RESULTS 

For the present study, four possible sitting positions are 

considered, as shown in Figure 3. 

 

Figure 3: Various sitting positions considered [20] 

The center of gravity of each seating posture is suitably 

calculated based on an earlier experimental report for a 

different purpose [20]. The center of gravity of different 

positions is shown in Figure 4. As per the stated 

assumption, the x-coordinate of c.g is constant for all the 

positions and is in the plane of symmetry of the chair 

frame. Table 2 gives a brief description of the positions 

under consideration. 

The person's weight acts through the center of gravity 

of the position and is distributed to the relevant parts of the 

chair frame through suitable rigid body elements (RBE3). 

The displacement and stress values for each position are 

found out through numerical analysis using ANSYS 

Mechanical APDL. It is carried out for various seating 

postures. Impact load effects on the chair frame are also 

analyzed by considering suitable equivalent static loads. 

 

Figure 4: Center of gravity of various sitting positions. 

TABLE Ⅱ 

POSITION NOMENCLATURE 

Position Description 

Position 1 Normal sitting, i.e., Both hands in lap. 

Position 2 
Trunk flexed on thighs; arms extended 

forward. 

Position 3 Both hands on overhead controls 

Position 4 Inclined and holding to seatback. 

Impact Analysis 
Impact load applied to position 1, i.e., Normal 

sitting. 

A.  Effect of Sitting Posture 

Loads are applied as point loads to the center of gravity, 

which are distributed to the chair frame.  Figure 5 shows 

the meshed model for Position 1 and Position 2. It may be 

noted that Position 2 does not have contact with the 

backrest, so meshing is done accordingly. The Variation of 

the displacement and stress values with respect to the 

normal sitting position is noted.   

 

Figure 5:  Meshed model for Position 1 and Position 2 
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The Von mises stress values for each position are 

recorded, and the maximum displacement, which was in 

the y-direction, is tabulated in Table 2. The Von mises 

stress for positions 1 & 2 is shown in Figures 6 & 7, 

respectively. 

 

Figure 6: Von mises stress for Position 1 

 

Figure 7: Von mises stress for Position 2 

TABLE Ⅲ 

DISPLACEMENT & STRESS VARIATION 

Position 
Von-Mises Stress 

(Pa) 

Y-Direction 

displacement (m) 

1 234.322 2.42E-05 

2 319.605 6.83E-06 

3 237.546 6.36E-06 

4 1252.77 1.00E-05 

Impact Analysis 1496.22 1.55E-04 

B.  Effect of Hard Sitting 

To emphasize the importance of hard sitting in chair 

frame design, impact force generated under hard sitting 

having a time interval of 0.05seconds (21)[21] is analyzed 

under static conditions, and stress analysis is carried out. 

The Variation in displacement and stress values are 

recorded. 

The impact analysis is carried out by finding the impact 

load using the following equations. 

Ft = (mv) 

v=  

m = mass of the person (100kg) 

t = time of impact (0.05 seconds) 

H = height of fall, which is the difference between the c.g 

at the standing position and normal sitting (0.5m) 

v = velocity of the person before impact (calculated to be 

3.132 m/s) 

F = Impact load (calculated to be 6264 N) 

 

The stress value under impact load is 1496.22 Pa, 

which is of very high magnitude compared to the stress 

value of 234.322 Pa in Normal sitting. The Von mises 

stress distribution under hard sitting is shown in Figure 8. 

 

Figure 8: Von mises stress under hard sitting. 

V. DISCUSSION 

Anthropometric data varies from country to country and 

even region to region. Thus, chair design is complimented 

by localized anthropometric data. Presently, 
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anthropometric data is quite random and scattered. The 

present study considers the available anthropometric data 

and selects the maximum values for the 95 percentiles for 

males. It is to understand the possible extreme conditions in 

chair design. Preliminary analysis shows that applying the 

person's weight either as an inertial load or as a point load 

at the center of gravity of the sitting position resulted in 

negligible variations.  

The ground contact of the chair frame is modeled as 

fixed supports, which is appropriate for specific situations. 

Depending upon the scenario, various studies model 

ground contact as roller, hinged, fixed supports, or a 

combination of these. Variation in displacement and stress 

values may be observed on changing the constraints. The 

present study tries to provide an overview of the extreme 

conditions, and therefore fixed supports are chosen. Future 

studies on the effect of different constraints on chair design 

are recommended. 

Hard sitting is a commonly observed phenomenon, 

particularly in the younger generation users who tend to 

fall on the chair rather than gradually sit, creating an 

impact load on the chair frame. However, this aspect is not 

a commonly considered parameter in chair design. The 

present study shows that this impact load, when analyzed 

as an equivalent static load, shows a rise in stress 

magnitude of around 5.4 times the normal sitting for the 

same posture. Hard sitting can be a predominant cause of 

chair failure and should be considered in chair design. 

There is scope for research on understanding the effects of 

hard sitting. 

VI. CONCLUSIONS 

A significant variation in the displacement and stress 

values in the chair frame under various sitting positions is 

observed due to changes in the center of gravity of the 

position.  The analysis of hard sitting on the chair frame as 

an impact force shows enormous Variation in the values 

compared to the same load under normal sitting. It can be 

concluded that the above factors must be considered in the 

design of a chair frame to avoid unforeseen or premature 

failure and to prevent injury to the person using the chair. 

The displacement and stress values were well below the 

permissible limit, suggesting huge potential for material 

saving and design optimization. However, buckling can 

become a predominant mode of failure under thin 

dimensions, and a detailed analysis is required to 

understand and prevent the same. Thus, this study signifies 

the need for more varied and detailed design criteria to 

prevent premature failure of the chair frame. 
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