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Abstract - Ergonomically designed chairs are important for
increasing productivity and to reduce the low back injuries of
the human body. It plays a major role in industries, offices,
schools, colleges, institutes, universities, etc. to improve the
health and safety of the human body in working conditions.
The main objectives of ergonomics are to fit the machine based
on human comfortability and enhance the performance,
reduce risk and fatigue at the working environment. Extensive
research has been done in the western world for ergonomically
fitted office chair considering western anthropometric data
but very few works have been done according to Indian
standard. Hence, the objective of this work was to perform the
biomechanical single action analysis and RULA analysis of an
ergonomic office chair which was modelled by considering
Indian anthropometric data. The design of the chair was
modelled based on Indian anthropometric standard data in
CATIA-V5 and the Human digital model (HDM) was designed
by considering Indian anthropometric data in CATIA-V5. Both
the biomechanical single action analysis and RULA analysis
has been performed in CATIA-V5.
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1. INTRODUCTION

The comfort zone in work environment mainly depends on
physiological movements of the human body with respect to
the work environment. These physiological movements
include how muscles, bones, tendons, and ligaments work
together to produce movements. The computers are the
most widely used electronic device used in almost all
industry. In the field of the Information sector, a large extent
of computers is used. Information Technology (IT) Sector is
one of the major industries in India, which has been
contributing to the Gross Domestic Product (GDP) of the
nation to a major extent. Also, in parallel to the GDP
contribution, the IT sector has provided employment to a
vast population of India. Out of the total workforce set up in
these IT industries, a major section is employed in the
software job profile of the IT sector.

The computer user has physiological movements with
respective to monitor, keyboard, mouse & chair. The various
studied confirms that bad design of office chair leads to
various musculoskeletal disorders. Ergonomics in today’s
world has gained worldwide importance because of its
contribution to the workplace to the workplace. It is one of
those many fields that are common to almost all kinds of
workplaces. Office Ergonomics aims at studying the

workplace conditions and try and attempt to change the
workplace so as to suit the working preferences of the
employees in terms of ease of working while also
incorporating the requirements of the organization.

Ergonomic has wide application in almostall industry which
plays an important role in reducing human disorder related
to work place. This in terms reduces fatigue & increases
productivity of the employer. The main aim of this work is to
apply ergonomics technology on design of office chair to
ensure humans in complete harmony.

1.1 LITERATURE REVIEW
A. Anthropometry data for design

An anthropometric measurement refers to the collection of
human external body dimensions such as body shape, size,
work capacity and strength in static and dynamic conditions
which are used in ergonomic design, physical anthropology,
apparel sizing, design of consumer products, design of tools
and equipment, etc. [1-4]. The static condition consists the
sitting or standing or any adopted postures in which length,
depth, breadth, heights, and circumference are measured
while in dynamic condition human dimensions in the various
movement like speed and ranges of motion is measured [3].
Whenever an anthropometric measurement is considered
for design, it helps to improve comfortability level, reduce
low back pain, musculoskeletal disorders and increase the
performance of the users [1].

B. Biomechanics Single Action Analysis

Biomechanics is the science which deals with the movement
of the living body which involves physiology, anatomy, and
mechanics, the flow of blood circulation, and other body
functions to analyze the forces within the body and muscles
activation. Biomechanical analysis is widely used in
ergonomic, bioengineering, etc. [5]. The Biomechanics single
action analysis is used to evaluate the design and calculate
the lumbar spinal loads, forces and moment at the joints. In
this, we get output like L4-L5 spine limit, L4-L5 moment, L4-
L5 compression, L4-L5 joint shear, abdominal force &
pressure, and ground forces, etc. [6, 7,10]. Figure 1.1 shows
the outcomes of the biomechanics single action analysis.
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Figure 1.1: Outcomes of Biomechanics Single Action
Analysis

C. RULA Analysis

The RULA analysis stands for rapid upper limb assessment
which analyzes the upper extremity ergonomic risk [8]. Itis
a survey method which is used to analyze the upper limb
disorder in working conditions. The main purpose of RULA is
to assess the postural load requirements and bio-mechanical
for human body parts [9]. [t generates a scorecard from 1 to
7 along with colour code from green to red. Based on this
scorecard the upper limb disorder is analyzed. If the score is
1 or 2 then the work posture is acceptable otherwise further
investigation of that posture will require [6, 7, 9, 11,12].
Figure 1.2 shows the scorecard of the human digital modal in
a sitting posture.
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Figure 1. 2: Scorecard Generated in RULA Analysis in a
sitting posture

2. METHODOLOGY:

The present study was focused on to design an
ergonomically efficient chair for computer users based on
Indian anthropometric standard data and perform the
Biomechanics Single Action Analysis and Rapid Upper
Limber Assessment (RULA) analysis. The entire research
methodology has been divided into some categories which
are explained below:

2.1 Anthropometric Data collection:

Based on the literature survey, it was found that there are
total 13 common anthropometric parameters as shown in
Figure 1.3 & Table 1.1 are body height, Sitting height,
Shoulder height, Popliteal height, Hip breadth, Elbow height,
Buttock-popliteal length, Buttock-knee length, Thigh
clearance, Eye height, Shoulder (bideltoid) breadth, Body
mass (weight) etc. which are primarily considered during
the design of chair. Table 1.2 shows the combined body
dimensions of both male & female, which are used to design
HDM.

Figure 1.3 Anthropometric Measured Position

Table -1.1: Selection of Body Measurement for Chair

Design
Sl./No. Body Dimensions | Description
1 Stature(body Top of the head,
height) standing in  erect
stretched posture
2 Sitting height | Top of the head sitting
(erect) in a normal relaxed
posture
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Shoulder
sitting

height,

Height of upper most
point on the middle
level of the shoulder

Popliteal height

Height of the underside
of the thigh
immediately behind the
knee

Hip breadth, sitting

Maximum horizontal
distance across the hips

Elbow
sitting

height,

Distance between seat
and lower most part of
the elbow

Buttock-popliteal
length (seat depth)

Horizontal distance
from the most posterior
point on uncompressed
buttock to the back of
the lower leg at the
knee

Buttock-knee length

Horizontal distance
from the most posterior
point on uncompressed
buttock to most
anterior point on the
knee

Thigh clearance

The vertical distance
from seat surface to the
maximum bulge on the
anterior surface of the
thigh was measured
with a shorted
anthropometer

10

Eye height, sitting

Height of inner corner
of the eye sitting in
normal relaxed posture

11

Shoulder (bideltoid)
breadth

Maximum horizontal
distance across the
shoulder

12

Knee height

Height of uppermost
point on the knee

13

Body mass (weight)

Total mass(weight of
the body) with
minimum clothes and
without shoes

Table -1.2: The combined body dimensions of male &

© 2021, IRJET |

female:

Impact Factor value: 7.529

Body dimensions
Sth Zith

St Tth o %ith
Stature ooy heigh) () QO R R A 7 A 11/ QA
Sittng heigh erect) (] W% T W W s W
Shoulder hiight, sitting (mm) 05 67 45 W M ¥ 83 W
Lowerleg length (popliteal height] (mm) 305 0 M 19 49 49 K 1%
(mm) DI T I B (S R - BT

Elbow height, itting (mm) m ¥ 0 W uw WM uw AU
Buttock-poplites! length (seatdepth] (nm) 380 35 3 49 &1 4 09 49}
Buttack-knee [ength {mm) moom o M W s W
Thigh clesrance [mm) B m % m oW w1
Eye height, sitting (] 5% 63 6 M Kl ™76
Shoulder bideltoid) breadth {mm) TeoomoowW oW oMW 4 s
fnee heigft (mm) 4 6 46 48 9 W B
Body mass (weight) [kg) » w4 &4 0% 0 W OB

e - T TR NS P P

=

|
1
1

=OokE =

2.2 Human Digital Model (HDM)

The human digital model is a virtual human which is used in

the case of human-cantered design problems in the
workplace before it physically exists. For Biomechanics
Single Action Analysis and RULA analysis an HDM is required
of human size. The size and shape of the human vary with
gender, geographical region, race and age group. The HMD
has been created in sitting and standing posture in CATIA V5
software as shown in Figure 1.4 & Figure 1.5. Figure 1.6
shows the HDM based on Indian Anthropometric Data in
standing and sitting posture.

Figure 1.4: Human Digital Model of Male in Standing
and Sitting Posture
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Figure 1.5: Human Digital Model of Female in Standing
and Sitting Posture

Figure 1.6: Human Digital Model in Standing and
Sitting Posture with Indian anthropometric
dimensions

3. RESULTS AND DISCUSSIONS:

Biomechanics Single Action Analysis of the chair in Figure
1.7 shows the compression limit and joint shear limit of 524
N and 102 N respectively which indicates that they are well
below their maximum standard limit of 3400 N and 500 N
respectively. This shows that the sitting posture of the
human digital model is an ergonomic posture.
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Figure 1.7: Biomechanics Single Action Analysis of the
chair

The result of the RULA analysis of the chair shown in Figure
1.8. Most of the human body has a lower score between 0
and 2. Also, the colour shown is green indicating the posture
isatalower risk. The posture was set to be intermittent with
the arm supported. The final score is 2 and the posture is
considered as acceptable. Figure 1.9 shows the left and right
side of Human digital model at the RUAL score of 2 showing
green colour.
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Figure 1.8: Result of RULA Analysis of HDM
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Figure 1.9: Result of RULA analysis of HDM in both left
and right side of HDM in Sitting Posture

4. CONCLUSIONS:

In biomechanics single action analysis the compression limit

and joint shear limit is found to be 524 N and 102 N
respectively, which indicates that the posture of HDM is
ergonomically fit posture and further can be used by
computer users.

In RULA analysis the score 2 and colour green has come on
intermittent and arm supported condition in both left and
right side of HDM which implies that the posture of HDM
with respect to the modelled chair is acceptable and
ergonomically fit for computer users.
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