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Abstract - Ergonomics is the study of human comfort 

and the relaxation from the exertion. In this paper a 

Basal Metabolism Methodology was used to reduce 

workload and improve the working conditions by 

providing proper rest breaks. The study was conducted 

in workshop on three females and seven males who are 

asked to perform the shovelling operation. The results 

indicate that rest period is very important in keeping 

the body healthy and to avoid musculoskeletal disorder 

of the body.  

The main objective of this study is to analyse the rest 

periods for the persons having varying physical 

properties. The metabolism is a process which converts 

food into the chemical energy and basal metabolism 

deals with the physical activities of a person when he is 

lying empty stomach and the calories spent is known as 

leisure calories.  

Key Words: rest period, basal metabolism rate, 

human comfort and exertion. 

1. INTRODUCTION 
 
Wojciech Jastrzebowski, Polish scholar, first use the term 
ergonomics in 1857 meaning science of doing work. Since 
then it is like a bottom like opportunity which has effect on 
business and today its impact was seen in our daily lives 
also. In business terms ergonomics remove barrier to 
productivity, quality and safe human performance by 
fitting equipment, tools, tasks and working environment 
according to the people [1]. Ergonomics applies 
information about human behaviour, abilities and 
limitations and other characteristics to the design of tools, 
machines, tasks, jobs and environments for productive, 
safe, comfortable and effective human use”[2]. The aim of 
ergonomics is to give maximum productivity with the 
minimum cost where cost is expressed in terms of the 
physiological or health cost of the worker.  
The primary focus of ergonomics is design of task 

and allocation of work according to person’s 

strength and capability. The capability of worker is 

matched with the requirement of job in order 

toreduce the risk of musculoskeletal injuries 

resulting from handling materials manually.  

1.1 Human Exertion and Comfort 

 
When the work duration or physical activity increases 

than there is an increase demand of oxygen the 

metabolism and this demand is met by increasing the 

breath rate and the heart rate. If this demand of body is 

not fulfilled (metabolic energy expenditure rate exceeds 

the body’s energy producing and lactic acid removal rate) 

than physical fatigue or exertion occurs. If this happens in 

a specific body part than it is termed as the localised 

fatigue and if it happens to the whole body than it is 

termed as the whole body fatigue [3]. 

Human comfort may be defined as both the state of body 

and mind when it feels satisfied with the present working 

and environmental conditions. Metabolic rate of the body 

is one of the parameter that will define the comfort of the 

human body. Metabolic rate fluctuates from person to 

person due to different working and environmental 

conditions. 

1.2 Musculoskeletal Disorder and its Causes 

Work-related MSDs occur when there is mismatch 

between physical capabilities of the worker and the job 

requirements. A long time exposure to ergonomic risk 

factors can cause damage a worker’s body and lead to 

MSD. Factors that are responsible for MSD are as 

following- 

i) Excessive exertion force.  

ii) If worker works in a static posture for a long 
period of time than it can restrict blood flow 
and damage muscles. 
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iii) Excessive vibration, usually from vibrating tools, 
can decrease blood flow, damage nerves, and 
contribute to muscle fatigue. 

iv) Inadequate recovery time due to overtime, lack of 
breaks, and failure to vary tasks can leave 
insufficient time for tissue repair [4].  

 
 

Fig 1.View of MSD from Backside. 

2. METABOLISM- 
Metabolism can be defined as the term containing all 

chemical reactions that occur in a human body including 

digestion and these reactions are responsible for 

maintaining living state of cells [5].  

 

 
Chart -1: Metabolism of body 

 

2.1 BASAL METABOLISM  
 
When a person is resting with the empty stomach than the 

quantity of energy possessed by the person is known as 

basal metabolism. This metabolism leads to the 

conversion of all chemical energy of nutrients into the heat 

[6]. 

2.2 ENERGY CONSUMPTION 

The energy consumption of body is directly dependent on 

the amount of oxygen consumed. This energy 

consumption can be determined by the following formula- 

Energy Consumption= Oxygen consumed in litres*4.8 

kcal. 

3. WORK CALORIES  

Physical work requires the contraction of muscles which 

requires the energy. This energy consumption due to the 

physical work is known as work calories. The work 

calories can be given by the following formula- 

 Work calories=energy consumption while working-basal 

metabolism [7]. 

These work calories play an important role in determining 

rest periods and in comparing different work 

arrangements. 

3.1 LEISURE CALORIES   

The calories consumed in everyday work are known as 

leisure calories. 

4.EXPERIMENT 
 
Twenty members including four females and sixteen males 

were participated in the study of human exertion and for 

determining the optimum rest period to provide them 

comfort. They vary between the various age groups 

ranging between 18-45 years. These subjects are asked to 

perform the filling operation of mild steel for a time 

duration of fifteen minutes.  Their heart rate were 

measured by the digital heart rate monitor before and 

after the experiment. A stop watch is also used for 

measuring the time duration 
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  Table 1 ANTHROPOMETRIC DATA  

Subjects Age  Height 

(feet)  

Weight  

A 19 5’1” 45 

B 22 5’5” 42 

C 21 5’0” 52 

D 20 5’7” 71 

E 26 5’7” 75 

F 18 5’8” 60 

G 32 6’0” 75 

H 30 5’0” 50 

I 40 5’6” 70 

J 45 5’7” 64 

K 43 5’7” 69 

L 38 6’1” 75 

The heart rate of the participants is measured before and 

after the filling operation with the help of digital heart rate 

monitor. The details of heart rate is given in the table 2-   

TABLE 2 : HEART RATE CALCULATIONS 

SUBJECTS HRR 

(REST) 

(A) 

HRR 

(AFTER 

ACTIVITY)

(B) 

HRR 

(A-B) 

A 89 100 11 

B 75 98 23 

C 87 100 13 

D 73 85 12 

E 74 100 26 

F 73 90 17 

G 84 98 14 

H 85 100 15 

I 80 98 18 

J 78 102 24 

K 81 116 35 

L 74 95 21 

ll. CALCULATION OF VO2 MAX AND ENERGY 

CONSUMED 

The energy consumed can be directly given the quantity of 

oxygen consumed by the human body during the working 

activity [9]. The energy consumed by the human is 

measured by the formula- 

Ec= VO2 max x 4.8 kacl [10]. 

The maximum heart rate of the human body is calculated 

by the online software and this heart rate is used to obtain 

the energy consumed by the body [11]. The VO2 max and 

the energy consumed by the various participants in the 

filling operation is shown in table 3- 

TABLE 3: ENERGY CONSUMED DUIRING WORK 

SUBJECTS DURATION 

(MINS) 

VO2 

MAX 

(ml.min-

1. Kg-1) 

ENERGY 

CONSUMED 

(kcal/min) 

      A 15 33.03 144.14 

B 15 38.80 186.24 

C 15 33.62 161.37 

D 15 39.04 187.39 

E 15 39.72 190.70 

F 15 39.00 187.20 

G 15 33.03 158.57 

H 15 32.61 156.57 

I 15 33.37 160.20 
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J 15 33.46 160.62 

K 15 33.00 158.40 

L 15 36.49 175.14 

 

CALCULATION OF REST PERIOD  

The rest period for the participants is calculated by the 
formula- 

Trp = (Ec/4-1) of working time [12]. The working time 
is shown in the table 4. 

TABLE 4 

SUBJECTS DURATION 

(MINS) 

REST PERIOD 

(MINS) 

A 15 5.2 

B 15 6.8 

C 15 6.0 

D 15 6.8 

E 15 7.0 

F 15 6.8 

G 15 5.7 

H 15 5.7 

I 15 5.8 

J 15 5.8 

K 15 5.7 

L 15 6.4 

 

5 CONCLUSIONS 
The following conclusions have been derived from the 
study of human comfort and exertion for the analysis of 
optimum rest period- 

a) It was concluded that for the duration of 15 
minutes of activity in ‘18-52’ ages (four females 
and eight males) the heart rate varies between the 
values ‘11-33’ irrespective of age groups. It was 

contradictory to the conventional belief that 
metabolic rate decreases with the age. This 
variation of heart rate shows even an old age man 
with a healthy metabolic system can work for a 
longer duration. 

b) The analysis of optimal calculation of rest period 
for the moderate work (filling) also establishes a 
relation between heart rates before and after the 
activity. The average readings of heart rate and 
age groups is shown in the table 2. From 
calculations it was concluded that in an 
average there is a variation of 20 heart beats 
per minute variation for the duration of 15 
minutes.  

c) This work found average value of the energy 
expenditure during the activity and the optimal 
values of the rest period as shown in the table 3 
and 4. Thus it was concluded from the 
experimental work that as the activity level 
rises the energy expenditure as well as the 
rest period also increases. There is almost a 
linear relationship between the energy 
consumed and the rest period 
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