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Chapter 1. Introduction
1.1. Background:

Way back in October, 2013, a proposal arose by Mr. Dunu Roy, Hazard Centre, New Delhi,
on conducting a time study and energy expenditure by the workers in the traditional brick
making sector.

Later on November 18, 2013, a proposal with draft MOU was received from Mr. Sudhir
Katiyar, Prayas Centre for Labour Research and Action (PCLRA), Udaipur & Ahmedabad,
towards conducting the a time motion study for brick kiln workers with a project financial
outlay of Rupees 4,93,485/- . The study duration was of six month from the date of
receiving the check as per IITB norms, which is likely to get completed by, June 2014.

1.2. Study Objective:

As excerpt from the study proposal proposed by Mr. Sudhir Katiyar, PCLRA, directs that the
project objective should be " To do a systematic time-motion study to be done by a
professional group on the ground documenting the number of hours it takes to manufacture
1000 bricks and the energy expended at each stage of the process."

This study would help PCLRA "to determine the average production of brick kilns by manual
labour in a day and assist in setting up a standard for minimum wages for each stage".

Accordingly, a project methodology was formulated to determine the work content, number
of workers involved, time required to complete the job and the human energy cost for the
job. The purpose of the present study is given in Chapter 2.
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Chapter 2. Project Purpose

The primary purpose of this project was to fulfil the time required for making 1000 bricks

and the energy (Human) required in each step of brick making as proposed by Prayas.

Accordingly, following steps were considered to fulfil Pryas's requirement

1. Observe in detail the total job content starting from raw soil to production of Red
(Fired) bricks.

Can we group the jobs under different category?

How many workers are involved under each category?

How much time workers require to complete a job and what is the productivity?

vk W

What is the Human Energy cost in each step as against the productivity?

Following two basic questions also came up as a consequence which are unanswered so far.

No literature is found on the following two points;

6. What is the total time required for making one brick from rough soil to final red brick?

7. What is the total human energy cost to make one brick?

Considering the importance of the project at National level, the study team also looked at
on further scope of workers uplift through design intervention of tools, better work posture,
safety and occupational health.

Considering that majority of the workers are poorly literate, a question may also arise on
how the create awareness among the workers and management on those factors associated
with higher productivity both in terms of quality and quantity. This can only be achieved by
two ways, 1) by creating a better work environment, better tools, safer work method, 2)
create awareness among the management and workers on the impact of ergonomic-design
intervention on system uplift. Better ergonomics means better and safer productivity

means better economics.The details of the methodology are given in Chapter 3.



Chapter 3. Methodology
3.1. The Brick Kiln
The study was conducted in a brick kiln near Ahmedabad. It is primarily a 19th Century
traditional Bull's Trench type Brick Kiln as shown in Figure 3.1. The daily output from the
kiln was 40,000 bricks and about 180 workers were engaged in the brick making process.
The study was conducted twice for a span of one week each, one from January 12 to 19,

2014 and the second one from March 25 to 30, 2014.

Figure 3.1. The Ahmedabad Brick kiln,

A. Schematic of Bull's Trench Kiln B. The actual kiln near Ahmedabad

3.2. The subjects

The study was conducted on a total number of 27 males and 12 Females engaged in
different brick making operations. In general the workers were free from any kind of
physical deformity and illness. Images of some of the female and male workers are shown in

figure 3.2.

Figure 3.2. Images of some of the subjects participated in this study.




Maijority of the workers were between the age range of 17 — 45 years, with minimum 4 yr of

experience. The distributions of the subjects are given in Table 3.1.

Table 3.1. Job wise Distribution of the subjects.

Srno. | Job type Male Female
1 Soil preparation and mud making --
27
2 Thapera (Moulding of raw bricks) 27
3 Bharai (stacking unbaked bricks in | 8 --
kiln)
4 Khadkan (Stacking for firing in kiln) 5 --
5 Jalaai (Maintaining Kiln temperature) | 5 --
6 Nikashi (Removal of fired bricks) 10 10
Total 55 37




3.2.1. Physical parameters of the workers;

The Physical parameters such as stature and body weight were measured with the help of a
Martin type anthropometric rod (Seiber & Heigner, Switzerland) and a calibrated weighing
machine respectively as shown in figure 3.3. All subjects were on very light weight regular
summer type clothing. The weight of clothing was less than 1 kg. All of them were of bare

foot during weighing.

Figure 3.3. Measurement different body dimensions of workers.

Besides these, skin fold thickness at four various sites were measured as skin fold thickness
acts as a significant index of energy reserve and also helps in determining whether
differences in body weight are due to adipose tissues or muscle mass. The biceps, triceps,
subscapular, and suprailiac sknfold thickness (on the right side of the body with subjects in
standing position) were obtained by using a Lange skinfold caliper, whereas, the grip

strength was measured using a calibrated hydraulic hand grip dynamometer (Baseline, USA).



Percentage of body fat (Fat%, Siri 1961) and body density ( Durnin and Womersley, 1974)

was determined by using the following formula;

e Body density (D) =1.1631 — (0.0632 X log of (sum of the four skinfold thicknesses)
(For men)

e Body density (D) =1.1599 — (0.0717 X log of (sum of the four skinfold thicknesses)
(For Women)
e Body Fat % = ((4.950/D) — 4.5) x 100 (Siri, 1961.)

Two nutritional indices, i.e., Body Mass Index (BMI) and Ponderal Index were also
determined on the basis of weight and height measurements by the following formula. Body
types were further classified according the International Classification of adult with

reference to their BMI, as recommended by WHO (http://apps.who.int/bmi).

Table 3.2: Physical Characteristics of the Male Sample Population (n=27)

Variables Mean (+SD) | Range

Age (year) 28.0(5.7) 18.0-45.0
Body weight (kg) 49.1 (6.6) 40.0-65.0
Stature (cm) 162 (7.1) 149.2-178.7
Maximum grip strength (Upper arm | 37.6(4.7) 30.0-44.0
vertically down, elbow at 90° flexion)

(kg)

Blood Pressure (in mmHg):

Systolic pressure 122 (9.7) 102.0-138.0

Diastolic pressure 83(9.3) 68.0-108.0

Nutritional Indices

BMI 18.7 (2.6) 15.2-27.2
Ponderal index 11.6 (1.9) 8.8-17.6
Fat % 10.6 (4.0) 3.4-20.3
Lean body mass (kg) 43.7 (5.0) 35.46 - 54.7




Table 3.3: Physical Characteristics of the Female Sample Population (n=12)

Variables Mean (+SD) | Range

Age (year) 25.6 (6.0) 17.0-40.0
Body weight (kg) 46.1(9.1) 33.5-59.0
Stature (cm) 153.0 (6.1) 141.0-163.0
Maximum grip strength (elbow at 90° | 26.8(5.3) 20.0-40.0
flexion) (kg)

Blood Pressure (in mmHg):

Systolic pressure 119 (13.5) 100.0-142.0
Diastolic pressure 80 (8.4) 70.0-96.0
Nutritional Indices

BMI 19.5 (3.1) 13.9-23.8
Ponderal index 12.8 (1.9) 9.0-15.1
Fat % 23.7 (6.5) 9.8-30.6
Lean body mass (kg) 34.8 (0.04) 27.5-44.8

Body Mass Index = Weight (kg) / Height? (m)

Ponderal Index = (S\IMass/Height) x 1000 [where, mass in kg, height in cm]

e The blood pressure was measured with the help of a Sphygmomanometer and

stethoscope as per the standard technique.

The basic characteristics of the male workers was studied and presented in Table 3.2. It was
observed that the mean body weight of the sample population was much lower than in

reference to their age and height. Most of the sample population’s mean blood pressure



was found to be in the normal range. Though the mean BMI of the sample population shows
that the subjects fall in the normal category according to the WHO (2005) BMI classification
but it was found that about 55.5% of the sample population was underweight according to
the WHO classification. All subjects were ectomorphic (skinny) on the basis of the Ponderal

index.

The basic characteristics of the female workers are presented in Table 3.3. It was observed
that the mean body weight of the sample population was normal in reference to their age
and height. The blood pressure of almost all of them was with the normal range. Though the
mean BMI of the sample population was under normal category, about 33.3% of the sample
population was underweight as per the WHO classification. Ponderal Index suggests that

most of the subjects were ectomorphic.

3.3. Time motion study

3.3.1. Method

To understand the time required for completing a job under different work posture, two
Sony Handicam (Model HDR-XR100E) cameras were used. Cameras were mounted on
stands. They were placed in such way that one camera captured the side view and the other

one captured the front view of the subject.

Time study was also done with the help of a properly calibrated stop watch. A job was
carefully divided into repetitive cycles and time taken for a particular cycle was averaged
out by noting down the frequency and time required for five repetitive cycles at different
span of the activity. From this the average numbers of cycles per hour were determined for

respective male and female workers.

3.3.2. Video analysis
For video analysis, VLC media player software was used to determine the time sequence for
each job element. From the video, multiple sequential frames were also captured, as

required, for biomechanical assessment of the job.
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3.4. Physiological responses:

The physiological data of the workers were recorded in the brick kiln which gave the best
natural conditions to avoid any discomfort of unfamiliar situation. The Telemetric Oxygen
Analyzer instrument, K4b2 (Mfg by Cosmed, Italy) was used; figure 3.4, to measure the
oxygen consumption during different activities. To monitor the heart rate, the heart rate
belt was mounted on the subject. The classifications of physiological workload based on the
heart rate (HR) (beat.min™) as derived by previous Indian researchers were used in this
study. For Indian female the classification made by suggested by Varghese et al (1989) was
used and for male worker populations classification recommended by Sen R.N., (1969) was

used as shown in Table 3.4, and 3.5.

Figure 3.3. Measurement different body dimensions of workers.

Table 3.4. Classifications of Workload for Women (Varghese et al., 1989).

Classification of workload Heart rate (beats.min )
Very light <85

Light 85-100

Fairly light 101-115

Moderately heavy 116-130

Heavy 131-145

Very heavy 146-160

Extremely heavy >160




Table 3.5. Classifications of Workload for Men (Sen,R.N, 1969)

Classification of workload Heart rate (beats.min -1)
Very light <75

Light 75-100

Fairly light 100-125

Moderately heavy 125-150

Heavy 150-175

Extremely heavy >175

3.5. Calculation of energy expenditure:

From the K4b2 instrument, the HR (beats.min-1) and the corresponding Oxygen
consumption (l.min™) was noted while performing a particular job for by the worker. Data

were used to develop a regression equation based on straight line equation;
Y=mX+C

where Y represents Oxygen consumption (l.min™), X is HR (b.min-1), m is slope and C is the
intercept. The R? (correlation) value was also noted. The oxygen consumed was then
multiplied by 5 kcal (energy equivalent of one litre Oxygen) to obtain the energy

expenditure by the person while performing the job.

This equation was used later to determine the oxygen consumption for any heart rate
during a particular job. For each job separate average HR was derived by observing the
highest and lowest heart rates during the job. Once the energy expenditure in terms on
kcal.min™ was derived, the total energy required for the entire time span to complete the

job was calculated.
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Based on questionnaire and direct observation, the time elements for different major
activities throughout the day were noted. It was divided into four major categories, sleep,
rest/ pause, actual and other activities were noted for each worker. Based on data
obtained, an average HR for rest/pause 90, for light work 100, and for actual work the
obtained HR were used. In this study oxygen consumption during sleep was not measured
but considered as 0.1 liter.min™ based on different previous literature. Thus by using these
HRs and time elements, 24 hr energy expenditure was calculated which is required for
minimum daily energy requirement for a person. This data is important towards minimum

daily wage fixation by the socio-economists.
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Chapter 4. Process of Brick making

Over the centuries, the process of brick making from mud has not been changed much

excepting few additions of modern technologies and equipment. It is needless to mention

that bricks are the essential component for any building making. India accounts for more

than 10% of brick making of the global production, and is the second largest producer of

clay fired bricks (1). Millions of people are employed in the brick making industry out of

which there is a large section of female workers engaged in this field activity. Most of these

workers usually migrate from different parts of the country and hence they are recruited on

a temporary basis. Many of the workers are neither trained nor have sufficient experience in

the brick making activity. The main steps followed in brick making by the traditional way are

presented in figure 4.1 below;

Figure 4.1 Different facets in brick making

Phase | : Bricking Moulding operation (Pathera/Thapera)

Soil preparation & Mud transfer to brick
mud making — making site
Drying and stacking l
of bricks €——— Brick moulding

Phase Il : Transferring of raw bricks operation (Bharai)

Loading (Collection) = Transfer of Raw bricks

of Raw bricks

Phase Ill : Stacking of Raw bricks for Firing (Khadkan)

Unloading Raw bricks

l(-— Covering up the top layer

Phase IV : Exposing bricks to high Kiln
Temperature (Jalaai)

< Removing the top layer
l of brick dust

Phase V : Removing the red bricks (Nikashi)
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4.1. Brief description on different Phases of the brick making activity:

Phase I: Brick moulding (Pathera/Thapera)
This phase encompasses the basic foundation of the whole brick making process. It includes
processes like soil preparation for making the raw brick , transfer of mud to the brick making

site, brick moulding using the raw mud and lastly stacking of the raw bricks.

Phase Il : Transfer of raw bricks to kiln for firing (Bharai)
Once the raw stacked bricks are dried and ready, they are loaded on a truck/trailer attached
to a tractor and transferred to the brick kiln for firing. At kiln raw bricks are manual

offloaded from the truck.

Phase Il : Stacking of raw bricks for firing (Khadkan)
The khadan architect is a person who is specialist in arranging the bricks in an organised
manner inside the kiln keeping sizable opening within the stacking of the brick to make sure

that all the brick are holistically exposed to the heat inside the kiln.

Covering the top layer: The whole set of newly stacked bricks are then covered with a layer
of brick powder to seal any opening on the top surface of the kiln so that the heat from the

kiln does not escape out but retained inside the kiln only.

Phase IV : Exposing bricks to high Kiln Temperature (Jalaai)

Once the bricks are placed inside the kiln they are put on constant uniform high
temperature of about 1100° - 1200° Centigrade termed as the Jalaai operation, the jalaai
worker keeps a constant watch on the heating patterns inside the kiln to make sure that

bricks are exposed to sufficient high heat for certain time.
Phase V : Removing the red bricks (Nikashi)

This activity includes 1) removal and cleaning brick dust at the top and bottom surface of

the kiln and 2) removal of red color fired bricks from the kiln after sufficient cooling.

13



Removing brick dust from the top and bottom surface of the kiln: Once the bricks are
sufficiently baked the 1* operation is removing the top layer of the brick dust using a shovel

so that removing the baked bricks becomes easier.

Both men and women workers get engaged in removing of these baked bricks from the kiln

and stack it outside of the kiln with the help of a locally made wooden wheel barrow.
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Chapter 5. Brick Moulding

5.1. Different elements in brick moulding

The brick moulding activity forms the base of all the brick making operations. It is in this
particular operation the manual labour begins which then proceeds into the different
phases. Based on the job assigned to the group of workers for moulding purpose, the entire

job is segmented in four major operations as given here under in Table 5.1.

Table 5.1. Different elements in brick moulding job.

Activity Photograph Description

Soil This activity is important for

preparation breakdown of the larger soil lumps
& mud into smaller fragments for making it
making ready for the mud preparation

activity. This activity is usually done by

only the males. In the mud
preparation, the worker mixes the
clay with proportionate amount of
salt, coal powder, husk and water to
make the consistency of the mud

appropriate for the moulding of

bricks. After mixing all ingredients, the
wet mud is left for about three hours
for tempering. This makes the mud

just optimum for moulding purpose
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Mud
transfer to
brick

making site

In this activity, both the male (usually
husband) and the female (wife) with a
help of a shovel loads the cart with
mud. The mud is just right for brick
moulding  purpose. The male
counterpart then takes the mud to
the site for brick moulding by pushing
the cart. Entire mud is shifted and
forms an aisle next to which moulding

job goes on.

Brick

moulding

After transferring of the mud in the
brick moulding site, the worker grabs
a small portion of the mud roles it on
sand like a dough and throw it into
the mould. The weight of the mould is
1.5 kg. The mud is compacted into the
mould by push and little vibration.
Excess mud is scrapped out. The
mould along with the mud (5 kg) is
taken to a spot few steps away. The
mould is inverted on the floor and the
raw brick comes out of the mould.
The mould is taken back to the
starting point; sand is sprinkled inside

and is ready for the next operation.

Raw brick is allowed for sundry for

next 72 hours before firing. The entire

16



process is done by adopting squatting
posture throughout the day till the
total quantum of mud is over. Usually
the raw brick output must be more

than 1100 per day.

Drying and
stacking of
bricks

In this stage, once the bricks are dried
both the male and female workers
collect the dried bricks 3.5 kg and load
them on to the cart carry it to a
separate section and stack the bricks
for them to be later on carried to the

kiln for burning them.

The detailed description on each activity, and their respective time motion study,

physiological responses, biomechanical assessment and psycho-physical assessment are

explained in the respective sections below.
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5.2. Soil Preparation and mud making

Soil preparation and mud making form the basis of the whole brick making process. For the
formation of perfect bricks, appropriate consistency of the wet mud is required which is
thoroughly dependent on the soil preparation and the mud making activity. Experienced

labour is required for soil preparation and the mud making activity.
5.2.1. The process of mud making

Ideally only the men are engaged in this particular activity. The men usually start the activity
early in the morning ( 6 am) before Sun rises. The pre-preparation of this activity involves
loosening of the soil from the soil blocks, breaking the larger lumps into smaller lumps for
easy mixing with water for dough formation. Usually this soil preparation is done on the
previous day so that the mud preparation can start early in the morning. The labourers using
a shovel, initially starts with breaking down of the big blocks of clay into smaller fragments
so that when introduced to water they get blended uniformly as shown in fig 5.1. and 5.2.

Figure 5.1. Use of Bull Dreiser in Figure 5.2. Manual Loosening of

loosening larger soil blocks smaller lumps

Based on experience once the worker feels that the soil has turned into finer grains, water is
introduced at regular interval to make the mud out of soil with required water consistency
so that good quality bricks can be prepared out of them as shown in fig 5.3. The mud maker
waits for a sufficient amount of time till the water fills about % section of the soil prepared.

18



Salt, husk and Charcoal powder are added in required quantities to this soil preparation as

evident in the fig 5.4 and 5.5.

Figure 5.3. Pouring water into the soil

Figure 5.4. Sprinkling salt to the soil

Figure 5.5. Sprinkling of paddy husk

Figure 5.6. Mixing by shovelling

. il : bl |
u'l !' "J !: |' -

Figure 5.7. Stomp by feet
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Once required amount of husk is added and the whole top layer of the mud is covered with
rice husk, vigorous shovelling action, fig 5.6, is carried out to convert the mixture into a semi
smooth paste this is also combined with constant stomping by the feet in the mud to
facilitate the smoothening of the mud as visible in the fig 5.7. Finally a very smooth dough of

mud is prepared and left for about 3 hr for tempering.

It has been recorded that from a size of 5.4 (+0.70) X 3.5 (+0.55) X 0.27 (+ 0.03) meter (L X
B X H) i.e. total volume of about 4.76 (+0.34) m® of mud about 1534 (+163) no of bricks are
produced on an average. Once the mud is mixed very well to the required consistency the
whole mud is covered with a thick layer of rice husk so that the mud does not dry out. This
whole preparation is a very time consuming process and requires high level of physical
effort to conduct the whole activity. As the soil preparation and mud making forces frequent
below the waist bending and shovelling action repeatedly, it is biomechanically highly

stressful job.

A detailed assessment of the Time required for conducting this activity and the physiological

responses of soil preparation and mud making is covered in the following section.
5.2.2. Time study

Ideally the labourers start the mud preparation activity at 6:30 am and finish the whole
preparation by 9:00 - 9:30 am. The time study (work & pause cycle during work) involved
monitoring of manual mud preparation by 3 workers by using a Sony handycam along with a
manual stop watch. The work time and pause time for the whole activity was noted
manually by using the stop watch. The time study gave an assessment of the number of
hours the workers are spending in mud preparation along with the pause time. The table 5.1
gives a precise time line on the average duration of the mud preparation activity and
average pause time a worker is taking during the activity. From 9 am to 12 noon the mud is

left undisturbed to have proper curing time.

20



Table 5.2. Average time frame for mud preparation activity

Avg Duration of work (min)
Total Time
Activities . . as % of
Work time Pause Time | Total work
: . . . whole day
(min) (min) time (min)
Soil
) 90 30 120 )
preparation 270 min
Mud 19%
. 120 30 150
making

Based on the observations from table 5.2 it can be observed that the mud maker spends
about 90 min (i.e. One and a half hour) roughly in the soil preparation activity and takes
pause of 30 min. As a whole the work time is about 120 min which should be considered as
the total time taken for the soil preparation activity. Thus on an average their work to pause

ratio for the soil preparation activity is 3:1.

It is further observed from the table 5.2 that a mud maker works for about 120 min and take
a pause of about 30 min during the mud making activity. Thus on an average their work to
pause ratio for mud making activity is 4:1. The pause is accountable to the different factors
like vigorous shovelling activity followed by a pause, waiting for the water to completely
encompass the given unmade mud, sudden appearance of children near the mud making

site etc.

5.2.3. Physiological demand for the soil preparation and mud making

In the process of brick moulding, the mud making is the very basic and important operation
for appropriate amalgamation of clay, salt, charcoal powder, water and rice husk which
would then be used for the moulding of raw bricks. Most of these activities require high
degree of forward back bending by the waist and shovel the mud or stomp by feet in the

mud for the mud to be of excellent consistency. In order to determine the job’s
21



physiological workload and estimating the workers’ energy requirements, it is important to

assess the energy expended during the mud preparation activity and its physiological load

on the workers health. It is to be noted that in this calculation the average time element and

heart rate for carrying out the job were considered.

From Table 5.3 and 5.4, it was observed that the mean heart rates took a steep rise as the

worker proceeded from resting to the shovelling activity during soil preparation and mud

preparation. It was observed that the mean working heart rate was 135 (+6.9) b.min™ and

that for pause was 70 (+3.1) b.min™.

Table 5.3. Physiological responses during soil preparation

Total eng Total work
Type of activity Diff elements Soil prep exp time
(kcal day-l) (min.day’l)
Average Working Heart Rate 135
(b.min™) (+6.9)
Average Working Energy 4.46
. . -1
Actual Work Expenditure ( kcal.min™) (+2.1)
Average work Time (min.day™) 90
Average Working Energy
Expenditure ( kcal.day™) 4014
Average Pause Heart Rate 70 418.8 120
(b.min™) (+3.1)
Average Pause Energy Expenditure 0.58
(kcal.min™) +0.49
Pause Time (+0.49)
Average Pause Time
30
( min.day™)
Average Pause Energy Expenditure 17.4

(kcal.day™)

In order to estimate the occupational workload of working in these operations, the heart

rate responses of the workers during the both the activities i.e. soil preparation and mud
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preparation activity can be evaluated through the “Classification of jobs” for men (Table 3.5)
by Sen et al. (1969). Since the mean heart rate while performing both the activities was
found to 135 beats.min™ (+6.9), it can be hereby said that both these activities are
moderately heavy activity. It can be attributed from the fact that the men do these activities
for about 90 and 120 mins respectively as identified in the time motion study and in a waist
bent posture for shovelling which requires a lot of core strength for repeated action over a

period of time.

Table 5.4. Physiological responses during mud making

] f Total eng Total work
eo
y)[: it Diff elements Mud making eXp time
activi
Y (kcal. day™) (min.day™)
Actual Average Working Heart 135
Work Rate (b.min™) (+6.9)
Average Working Energy 4.46
Expenditure ( kcal.min™) (+2.1)
Average work Time 120
(min.day™)
Average Working Energy 5352
Expenditure ( kcal.day™) '
552.6 150
Pause Average Pause Heart Rate 70
Time 1
(b.min™) (#3.1)
Average Pause Energy 0.58
Expenditure ( kcal.min™) (+0.49)
Average Pause Time
30
( min.day™)
Average Pause Energy 174
Expenditure ( kcal.day™) '
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Mud mixing by shovelling demands very high heart rate of around 135 - 140 b.min™.
Considering 180 b.min as the highest heart rate an Indian workers can achieve, the
physical demand for this job varies from 75 to 78 percent of their maximum physiological
(cardio-pulmonary) work capacity. Most of the workers have spaced their own work - rest
cycle as per their physiological demand. As there is no ergonomics intervention on
determining the appropriate work-rest cycle, there is every possibility of physiological
fatigue accumulation in the body which is likely to get reflected in the next stage of
operation like brick moulding operation. This is supported by the workers report on high

degree of body ache/body pain as discussed else where.
5.2.4. Biomechanical issues in mud making :

Whether it is soil preparation or mud making, high degree of sustained forward trunk
bending in the waist region (Lumbaro-sacral) is the rout of cause of slipped disk
phenomenon, back ach and back pain. Figure 5.9 and 5.10 indicates the severe sustained
back bending and musculo-skeletal stress imposed on the hip, knee and ankle joints in
association with repetitive muscle force development in thigh, calf and foot muscles during

stomping during mud making.

Figure 5.9. Severe back bending Figure 5.10. Stomping operating for churning the
during mud preparation mud with different ingredients.
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It has been reported by the workers that after mud preparation they become totally
exhausted and need rest at least for half an hour to feel fresh. This is an area for further

study on introducing of low cost ergo-design intervention.

5.2.5. Psycho-physical and Occupational health issues

After the soil and mud preparation the workers engaged were casually asked on their
feeling related to the body ache/body pain. They were also asked for which are those areas
where they would like to have massage. Most of the workers reported for severe back, hip

and knee joint pain following the heaviness in shoulder joint, and upper arm muscles.

During the study it was observed that one young girl, fig 5.6 and 5.8, was assisting her
brother. While the physique of the girl was slightly better, the brother was very skinny as

per physique.

It is well known that bending of back causes high pressure generation inside the abdomen
and also imposes severe uneven stresses on the lumbero-sacral discs of the vertebral
column (abdominal region) leading to development of slipped disc. Caution must be taken

that no pregnant lady performs this job which is likely to be detrimental for the foetus.

From the view point of biomechanics, occupational health and safety, semi mechanisation

or appropriate design intervention is suggested.
5.2.6. Conclusion

Based on the time motion study and energy expenditure measured, it can be observed that
for 90 min of soil preparation activity the worker is expending around 418.8 kcal and for

mud making activity of 120 min around 552.6 kcal/day is spent .

It is essential to notice that the energy expended and the heart rate responses obtained
during the mud preparation activity was moderately high which can be due to factors like
standing and shovelling the mud in a bent posture and performing the activity with a lot of
core strength as the shovel used to perform the activity was also very heavy (around 6.5 kg).
Design intervention can be helpful to make instruments that can lessen the physical load of
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using the shovel and stomping of feet for mixing the mud well. This would ultimately reduce
the physical fatigue accumulated due to long hours of working for one particular job, body

ache and other problems associated with this activity and thereby increase productivity.
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5.3. Mud transfer to brick site
5.3.1. Job description

After the mud is cured for about 3 to 3.5 hr, the next step in the brick moulding operation is
to transfer the prepared mud on to the brick moulding site. This operation is performed by
both male and female workers. Mostly both husband and wife participate together in this
activity. In this, first a little sand powder is sprinkled on the cart so that the mud doesn’t
stick to the cart and then with the help of a shovel the husband and wife load the cart with
sufficient amount of mud as showing in fig 5.3.1 The cart is then further driven to the brick
moulding site and unloaded by turning for making a local stock of mud. The whole cycle is
repeated till the time a long heap of mud measuring approximately 6 (+0.7) X 0.75 (+0.5) X
0.3 (+0.03) m (LX B X H) is achieved. Figure 5.11 below shows the sequences of operation.

Figure 5.11. Sequences on transferring mud from the major mud lump made in the morning
to the actual brick moulding section.
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5.3.2. Time motion

Table 5.5. Average time frame for the transfer of Mud to the brick making site

Avg Duration of work (min)

% of

Activities Total whole
Work time | Pause Time
work time
(min) (min) day
(min)
Transfer
of Mud to
the brick 45 15 60 4.17
making
site

It can be observed from table 5.5 that roughly the workers work for about 45 min in mud
transfer activity with intermittent rest pauses which collectively makes the total pause time
of about 15 min during the activity. This is required due to high physiological demand for
this job. Thus on an average their work to pause ratio for this activity is 3:1. The moulding
activity starts once the desired quantity of mud is dumped. Once the whole length of mud is
used up for brick moulding, the male counterpart again walks back to the main heap to
transfer another set of wet mud for further brick moulding. Approximately 5-6 cycles of

transfer of wet mud is conducted while performing the brick moulding activity.
5.3.3. Physiological demand for the mud transfer job

From Table 5.6, it can be observed that the overall mean heart rate took a steep rise when
the men proceeded from resting to the shovelling activity for transferring the mud on to the
cart followed by pushing it by using his core strength and inverting the cart at the moulding
site. For transferring activity, it was observed that the mean working heart rate was 142

(+7.0) b.min™* during work & 85 (+3.1) b.min™ during pause time.
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Based on work related heart rate, mud transfer job should be classified under moderately

heavy job (Sen R.N. 1969) (Table 3.5)

Table 5.6. Mean physiological responses for transfer of Mud to the brick making site

Transfer of
Total eng Total work
Type of Mud to the ex
Different elements P time
activity brick making .
(kcal.day™) (min.day™)
site
Average Working Heart Rate 142 (+7.0)
(b.min™)
Average Working Enerfy 4.9(+2.1)
Actual Expenditure( kcal.min™)
Work -
Average work Time 45
(min.day™)
Average Working Energy 220.5
Expenditure (kcal.day™)
242.7 60
Average Pause Heart Rate 85 (+3.1)
(b.min™)
Average Pause Energyll 1.48 (+5.81)
Pause Expenditure( kcal.min™)
Time .
Average Pause Time 15
(min.day™)
Average Pause Energy1 222
Expenditure ( kcal.day™)

5.3.4. Biomechanical issues

Apart from high physiological demand, mud transfer also demands good muscle strength.
This causes impact on the musculo skeletal system specially on the wrist, arm, shoulder and

back. Different safety gadgets like wrist band abdominal guard etc. can be introduced to

prevent from musculo-skeletal disorders (MSD).
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5.3.5. Psycho-physical and Occupational health issues:

High physiological cost and biomechanical impact leads to mental agony and psychological

stresses.

Introduction of design intervention to relook at the work method and developing

appropriate tools might lead to workers uplift and better productivity.
5.3.6. Conclusion

It is observed from the time motion analysis and physiological response that a man
roughly works for about 60 mins in the day with actual work time of 45 min and 15 mins of
pause in between resulting in an energy expenditure of 242.7 kcal.day™ . This activity is
classified under moderately heavy job for the men as the average heart rate during this
activity is 142 (+7.0) b.min™. Design intervention is suggested to relook at the entire

operation from system design approach under low cost technology.
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5.4. Brick moulding

Brick moulding is one of the most important steps for brick making and at the same time
very time consuming and fatiguing in nature. A semi-skilled but experienced worker is
required for brick moulding. Locally these workers are known as (Pathera/Thapera). The
main aim of this activity is moulding of bricks from wet mud using the mould.

5.4.1 The process of Brick moulding

Once the heap of mud is laid on the brick moulding site, the husband and wife sit down in a
squatting posture keeping the mud heap in the middle and start moulding raw bricks by

using the mould. The entire activity is conducted in the following manner:

- The ground is cleared by using a scraper of all dust and particles to make it level sized.

- The mould is washed with water and then sand is sprinkled inside so that the casted raw
brick comes out easily.

- A big section of the mud is scooped out from the mud heap using both palms.

- It is rolled on the ground against sand layer followed by thrown in to the mould.

- The mould with the mud is lifted for a small height and dropped to the ground for
impaction

- Excess mud is scrapped out from the mould top by palm movement

- Sand is sprinkled on the top surface of the mud in mould

- The mould with mud is taken to a distance of few steps

- The mould is inverted on the preconditioned ground and left to dry in the sun for next
three days as such.

- This whole cycle is repeated till the entire transferred mud gets over.

5.4.2. Time study

Raw brick moulding is skilled and experience type job. Output of this brick kiln industry is
1300 bricks/day/couple. During winter season they start working from morning 6:00 am

continuing up to 1:00 pm and again 3:00pm to 5:00 pm. In summer season they change
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their work cycle because of environmental heat. They work at 2 different sets of time, i.e

from morning 4:00 am to 5:30 am & again evening 2:00 pm to 8:00 pm.

Figure 5.4.1 Sequence of moulding operation

The time study (work-pause cycle) was conducted manually by using stop watch on two

couples (2 male and 2 female) engaged in brick moulding operations.
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Ideally the worker starts the moulding activity at 2:00 pm and finish by 8:00 pm. The table
5.4.1 gives a precise time line of the average duration of the brick moulding activity and

average pause time he/she is taking during the activity.

Table 5.4.1 Average time frame for the Brick moulders

Average Duration of work (min)
Total Time
Activities Work time Pause Time | Total work as % of
(min) (min) time (min) whole day
Males 330 (+8.49) | 60 (+3.54) 390 27.08%
Females 240 (+44.55) | 60 (+20.51) 300 28.83 %

It can be observed from the above table that for male workers the average total work time
is 390 min which includes 330 min for actual work and 60 min as rest pause. Thus on an

average their work to pause ratio for the brick moulding activity is 5.5:1.

In comparison to men, the women workers worked for a lesser time. Out of 300 min of total
work time about 240 min was the actual work time and rest pause was about 60 min. This
difference in the time between the men and women is accountable to the fact the most of
the women had to take care of toddlers, for whom they had to provide breast feeding or
general food. Hence the recurrent pauses were taken to take care of the babies and for
other house hold chores while the men could continue with their working for a longer time

as they did not have to indulge in those activities done by the women.

At the end of the activity the raw brick produced by the couple was approximately 1300
bricks per day out of which 750 bricks per day were moulded by the men and 550 bricks

were moulded by their female counterpart.

5.4.3. Physiological demand for the whole job
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Moulding is a semi skilled operation and requires long hours of work to give required
output. The activity demands the worker to sit in a squatting posture, figure 5.4.1, and quick

hand movements for inverting the brick mould into the proper formation of the raw bricks.

The physiological workload and energy expenditure during the job was determined by using

K4b2 telemetric oxygen analyser as shown in figure 5.4.2

Figure 5.4.2 Use of K4b2 to obtain oxygen consumption and heart rate during work.

Table 5.4.2. Highlights the heart rate and energy expenditure observed for executing the

job. Based on heart rate it can be observed that moulding activity falls under moderately

heavy job category.
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Table 5.4.2. The heart rate and energy expenditure observed for male and female workers

during moulding activity.

Mud making

Total eng exp

Total work time

. -1
Parameters (keal.day™) (min.day™)
Men Women Men Women Men Women
Average Working
Heart Rate ( b.min™) 130 126
(+5.33) (+7.76)
Average Working
£ e dit 4.17 4.80
nergy Expenditure
By =pen (+0.83) | (+0.73)
(kcal.min™)
Actual
Work
Average work Time
. 1 330 240
(min.day™)
Average Working
Energy Expenditure 1376.1 1151.8 | 1461.3 | 12406 390 300
(kcal.day™)
Average Pause Heart 84 86
Rate ( b.min™) (+5.81) (+6.1)
Average Pause Energy
Expenditure 1.42 1.48
Pause (keal.min™) (+0.08) | (+0.3)
Time
Average Pause Time
. 1 60 60
( min.day™)
Average Pause Energy
Expenditure 85.2 88.8
(kcal.day™)
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5.4.4. Biomechanical assessment of brick moulding :

5.4.4.1. Method used:

Work posture analysis: Working postures were recorded by using SONY Handicam, and then

assessed by the following methods:

OWAS method (Ovako Working Posture Analysis System)

RULA method (Rapid Upper Limb Assessment

REBA method (Rapid Entire Body Assessment)

5.4.4.1.1. Observations:

5.4.4.1.1.1. Work Posture:

Workers work in sustained squatting posture throughout entire work period. They work
continuously minimum for 45 minute to one hour. Loss of sensation in lower leg during
operation, fatigue in calf, thigh, and ankle are other associated features. Severe back,

shoulder, arm pain are very common disorders as reported by all the workers.

5.4.4.1.1.2. Load handling:

Workers used to handle about 6 kg load per moulding operation which included 1.34 kg
weight for Aluminium mould plus 5.5 kg of mud. Each hand use to share about 3.0 kg with a
frequency of 3.0 bricks per minute by male and 2.2 bricks per minute by female workers.
Thus a male and a female worker handle’s 18 and 13.2 kg respectively per minute. The
number of bricks produced per head per day ranges from 600 to 800. This leads to minimum
3600 kg of cumulative load handling by both hands a day which is practically beyond human
limit. As handling of mould is done by hand, palm and fingers, figure , such heavy load
handling during turning the mould likely to cause sever musculo-skeletal stresses on thumb,
other fingers and wrist. The upper arm muscles specially biceps also gets heavily loaded for

lifting and holding operation of the mould with mud.
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Figure 5.4.3. Work posture adopted and stresses imposed on wrist joint during brick
moulding

5.4.4.1.2. Assessment :

It was observed that in every stage of brick moulding RULA score was 7. The REBA score was
10 or more than that. OWAS score also suggested for immediate change of posture.
Changes in tool design are immediately recommended. Based on posture evaluation scores
from direct observations it was clear that adoption of sustained squatting posture and
moulding the bricks by forward bending, for hours after hours throughout the day, under

high thermal load condition in the field is very detrimental for the workforce.
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Table 5.4.3. Postural assessment of the brick moulders

Postures OWAS Action level RULA Action REEA Action level
code score level score
Cuttingmud | 2,1.6,1 | Corrective measures 7 Investigate and 12 Very high risk,
(2) in near future change immediately implement change
Insertingmud | 2,1,6,1 | Corrective measures 7 Investigate and 10 High risk, investigate
in mould (2) in near future change immediately & implement change
Take outbrick | 4.1,6.1 | Corrective measures 7 Investigate and 12 Very high risk,
from mould 4) immediately change immediately implement change

5.4.5. Psycho physiology and Occupational Health

Most of the workers engaged in moulding job suffers from dermatitis, fungal infection of skin,
Musculoskeletal disorders due to work posture. Figure ... depicts fungal infection of palm for male
workers due to continuous mud handling. They also suffer from severe heat stress during summer.

Scorching sun causes skin burn and dermatitis due to sweat accumulation

Figure 5.4.4 Fungal infection palm of a male worker

5.4.6. Conclusion

It is hence concluded that the male worker expends about 1461.3 kcal for total work time of
390 min which is inclusive of actual work time and pause time and a women worker
expends about 1240.6 kcal on a daily basis while performing the raw brick moulding activity
for 240 min and taking a pause of 60 min from the total time of 300 min in which the couple

moulds about 1300 raw bricks on an average.
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Based on the observation it can be concluded that these workers work for long standing
hours under extreme temperatures of the afternoon sun in a squatting position and perform
this strenuous activity. A few changes in the existing design of the mould can be changed for

increased productivity through a detailed biomechanical analysis.
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5.5. Drying and stacking

5.5.1 The process of Stacking

After moulding the raw bricks are allowed to Sundry for 5 days. On third or fourth day the
raw bricks are stacked to clear the ground for next lot of moulding. By third day the raw
bricks are strong enough for for next two days. In stacking operation both male and female
workers (couple) participate and it is completely a manual operation. The approximate
weight of a brick after Sun drying is about 3.5 kg. The process involves picking up the bricks
from the brick moulding site and stack them in the nearby are by using a wheel barrow as
shown in figure 5.5.1. Then the bricks are placed in an orderly fashion on the stacking

ground in the form of a mesh as shown in the image.

Figure 5.5.1. Stacking of bricks after moulding
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5.5.2. Time study

5.5.1 Average time frame for the stacking of dried raw bricks

Avg Duration of work (min)
Total Time
. 0
Activities Work time Pause Time | Total work as % of
(min) (min) time (min) whole day
Males 45 15 60 4.16 %
Females 35 15 50 347 %

As observed from the table 5.5.2, it was evident that both the men and women worked for
approximately 60 mins on an average for the stacking activity out of which males worked for about
45 min for the loading, transfer and stacking of the raw bricks and they took a pause of
approximately 15 min. The women worked for about 35min and took pause for about 15 min. It was
also observed that per trip men stacked the cart with 36 bricks while the women stacked around 33
bricks. Therefore, the men accomplished about 23 cycles of the whole loading, transfer and stacking
of the raw bricks leading to stacking of about 828 bricks while the women did about 17 cycles to
stack about 561 bricks a day. On a daily basis both the men and women collectively stacked about
1370 bricks. This small time difference between the men and women may be attributed to the fact

that the women had to take care of small children/babies who need regular attention.

5.5.3. Physiological demand for the whole job

From table 5.5.2 it can be observed that the mean heart rate while performing the transferring
activity was found to be 118 (+4.43) b.min™ for the men and 117 (+1.8) b.min™* for the women while
the pause heart rate for the men and women were 84 (+5.81) and 86 (+6.1) correspondingly. In
order to estimate the occupational workload while stacking raw bricks, the heart rate responses of
the workers can be evaluated through the “Classification of jobs” for women, table 1.1, Varghese et
al., (1989) and for men, tablel1.2, by Sen et al. (1989). Based on those classifications, transfer of

bricks falls under light activity for men and moderately heavy category for the women.
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Table 5.5.2 Mean physiological responses by both males and females for the Stacking

activity
. Total eng exp Total work time
Mud making i 4
(kcal/day) (min.day™)
Parameters
Men Women Men Women Men Women
Average Working Heart 118 390
Rate ( b.min?) (+4.43)
Average Working
:  oendit 3.45 4.05
nergy Expenditure
A (+0.92) | (+06)
Actual ( keal.min™)
Work Average work Time
. 1 45 35
(min.day™)
Average Working
Energy Expenditure 155.2 114.7
_1-
(keal.day™) 1765 | 16412 | 60 50
Average Pause Heart 84
1 86 (+6.1)
Rate ( b.min™) (+5.81)
Average Pause Energy 1.42 1.48
Expenditure( kcal.min™) | (+0.08) (+0.3)
Pause
Time Average Pause Time
. 1 15 15
( min.day™)
Average Pause Ener
g & | 213 222
Expenditure ( kcal.day™)

The constant bent posture for loading and unloading the raw bricks and pushing the cart

using all the core strength may be the reason for it being classified as a moderately heavy

activity for the females.
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5.5.4. Biomechanical issues:

Sustained high degree of bending posture is the most detrimental posture observed during
the raw bricks stacking activity. Though small, but handing dry raw bricks, avg weight 3.0 kg
per brick, in sustained repetitive manner causes a cumulative load of 1500 kg ( 3 kg X 500
bricks) just for this transfer job. Human anatomy is not designed for such heavy manual

load handling.

5.5.5. Psycho-physical and Occupational Health issues:

In this particular job there is nothing very specific on occupational health and safety issue
related to this raw brick transfer job apart from the very common bending and load
handliing issues. In this case specifically, workers can be provided with specially designed
hand gloves which are recommended for other activities like bharai, khadkan and nikashi

group. Such gloves are to be specially designed.

5.5.6. Conclusion:

It is concluded from the table 5.5.2 that on an average a man expends about 176.5 kcal and
a woman spends about 163.9 kcal while working for about one hour per day for the stacking
of raw bricks job. The job is classified to be a fairly light activity for the men and moderately
heavy activity for the females. Design intervention for avoiding bending posture, pushing
cart pushing can reduce a lot of back pain related issues and increase work productivity per
day of the workers. Personal protective equipment like specially designed gloves, use of
back belt and creating general awareness on personal safety, hygiene and health should also

be introduced.
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5.6. Other activities related to moulding :

(Sand sieving, ground preparation, Transfer of coal dust, sand, bucket of water etc. )

5.6.1 Transfer of different types of material

The brick moulding operation also involves certain small jobs like sand sieving, sweeping
and surfacing (Sprinkling water and sand) the ground, and transfer of sand to the moulding

site as shown in figure 5.6.1. These jobs are mostly done by the women workers.

Fig 5.6.1. Other activities associated with moulding
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5.6.2. Time study

Table 5.6.1 Average time frame for the other activities associated with moulding

Avg Duration of work (min)
Total Time
Activities Work time | Pause Time | Total work | @ % of
(min) (min) time (min) whole day
Brooming the
30 10 40
ground
Sand sieving 30 10 40
Sand transfer 15 5 20
Coal powder 8.3%
15 5 20
Transfer
Total Time 90 30 120

It can be observed from the table 5.6.1 that the woman roughly spend about 120 mins in
the for performing these other activities such as sand sieving brooming , transferring of
charcoal etc. Out of which they work for roughly about 90 mins and take a pause of about

30 mins collectively.

5.6.3. Physiological demand for the whole job:

Form Table 5.6.1. it can be observed that most of the other activities associated with

moulding job falls under the very light category as evident by the average heart rate.

45


Ravi
Highlight


Table 5.6.1. Average heart rate and energy expenditure for performing other activities

Total eng | Total work
Type of . Other .
o Diff elements o exp time
activity activities . 1
(kcal/day) | (min.day™)
Average Working Heart Rate
4 100
(b.min™)
Average Working Energy 564
Actual Work Expenditure ( kcal.min™) ’
Average work Time (min.day™) 90
Average Working Ener
: i_ y g| ) 8y 237.6
xpenditure ( kcal.day™) 120 (8% of
277.2 hole d
Average Pause Heart Rate 84 whole day)
(b.min™)
Average Pause Energy 137
. P .
Pause Time Expenditure ( kcal.min™)
Average Pause Time ( min.day™) 30
Average Pause Energy 39.6
Expenditure ( kcal.day™) '

5.6.4. Biomechanical issues

Like all other jobs frequent bending is the prime problem for all these associated jobs. This
is further augmented with manual load handling like carrying buckets full of water, and
sand. Extreme high heat and cold are also associated with imposing more stresses on the

body. Design intervention is recommended.

5.6.5. Psycho-physical and Occupation health issues

Same as other situations.
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5.6.6. Conclusion

It can be concluded that these other related activities are performed for about 90 min with
a pause of 30 min, the collective being 120 min. On an average a woman worker spends
about 316.8 kcal a day on these activities. It is considered to be a light activity on the basis
of workload classification. Avoiding bending postures and design interventions are

recommended.
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5.7. Over all time study and energy expenditure for complete moulding jobs:

For male brick moulders, the 24 hr activity can be divided as follows,

Soil Preparation -

Mud making -
Mud transfer -
Moulding -
Stacking -

Other activities -

Sleep -
Total -

2 hr (8.3%)
2.5 hr (10.4%)
1 hr (4.2%)
6.5 hr (27.1%)
1hr (4.2%)

3 hr (12.5%)
8 hr. (33.3%)
24 hr (100%)

For brick making workers, the whole day activity demands about 3411.89 kcal energy as

shown in table 5.7.1

An attempt was also made to find out the Human Cost for moulding each brick during

complete Brick moulding operation.

Table 5.7.1 Human cost per brick for moulding operation for men

Required Energy Output | Human energy | Time
Activity Tir':e (min) Expenditure | (No of required/Brick | required/brick
(kcal.day™) bricks) (kcal.brick™) (min)
Soil Actual = o) 401.81
Preparation Work
P Pause 30 17.45
Actual
Mud Making | Work 120 53575
Pause 30 17.45
Actual
Transfer of 45 220.5
mud Work
Pause 15 22.16
) Actual
Brick 330 1374.76
mouldin Work
&  [pPause |60 85.08
Actual
Stacking Work 45 155.21
Pause 15 21.27
Total (Work 280 2851.49 750/ 3.8 1.04
related) person
Other 180 320.4
Activities
Sleep 480 240
1440 min/24 750/per 1.92
Total (Whole day) Hours 3411.89 Kcal son 4.55
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From this table 5.7.1 it is observed that to mould 1 brick in terms of exact work time it
requires 1.04 mins, (say 1 min); while that in terms of 24 hours, to mould 1 brick it requires
1.9 mins, (say 2 mins) by the men.

For female workers the 24 hr can be divided as follows;

Soil Preparation — Not involved

Mud making - Not involved

Mud transfer - Not considered

Moulding-  5(28.83%)

Stacking - 0.75hr (3.47%)

Other brick making 2hr (8.3%)

related activities

Other activities - 8.25 hr (34.37%)

Sleep - 8 hr. (33.3%)

Total - 24 hr (100%)
Within the 24 hours duration, female workers spend about 5 hours for brick moulding, 45
mins for stacking the raw bricks, 2 hours for other brick making related activities, 8 hours 10

mins for other house-hold work & 8 hours for sleep.
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For woman brick making workers, the whole day activity demands about 3218 kcal energy

as shown in table 5.7.2

Table 5.7.2 Human cost per brick for moulding operation for men

Required Energy Output Human energy Time
Activity Time Expenditure (No of required/Brick | required/brick
(min) (kcal.day™) bricks) (Kcal.brick™) (min)
Brick Actual 240 1151.86 2.26 Kcal (Work
moulding Work
related)
Pause 60 89.00
Stacking | Al 35 141.87
g Work '
Pause 15 22.25
Other
moulding Actual
related Work 90 237.96
Activities
Pause 30 39.53
Total
(Work 470 1682.46 550/ 3.06 0.85
person
related)
Other
house
hold 490 1295.56
related
activities
Sleep 480 240
144
. 0 550/
Total min/24 3218 kcal/day 5.85 2.61
person
Hours

** |t was observed that on a daily basis 1300 bricks were moulded roughly by male and females out of which

750 brick were moulded by men and 550 bricks by women respectively.

From this table 5.7.2 it is observed that to mould 1 brick in terms of exact work time it
requires 0.85 mins, (say 51 sec); while that in terms of 24 hours, to mould 1 brick it requires
2.61 mins, (say 3 mins) by the women.
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Chapter 6

Transferring of raw bricks to kiln (Bharai)

6.1. General introduction and flow diagram

The brick transfer activities ideally known as Bharai one of the major activity of the brick
making operations. After making the raw/green bricks in open field, need to burn in kiln.
The main aim of this activity is transfer the raw/green brick within kiln for proper baking.
This process is semi-mechanise within entire brick making process. They use tractor for

carrying activity. Loading and unloading work is done by manual process.

6.2. The process of Brick Transfer Bharai Activity

Bharai activity is done by tractors. Tractors are parked beside the stacked sundried bricks.
The bharai workers load the Sun dried bricks on tractor. After finishing loading activity, the
tractor goes within the kiln. There are some pockets in kiln wall. Within these pockets, the
tractor can enter in kiln. The green bricks are unloaded beside green brick storing zone. This
unloading activity also is done by manual way. The job has three clear segments;

1. Loading from the moulding site (Totally manual)

2. Transfer (Totally assisted by tractor)

3. Unloading at the kiln (Totally manual)

Table 6.1. Different elements of brick transfer job.

Activity Photograph Brief description

In this activity, an open tractor is

brought to the site where the dried

bricks are stacked. In which the

Loading of bricks Dried bricks are loaded to be

further taken to the kiln for further

firing. At a time total of 4 workers

participate in this operation at a

time.
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After the tractor is loaded with
about roughly about 1650 bricks, it

then travels to the kiln site. If there

Transfer to the . . is already another tractor off
kiln loading the dry bricks in the kiln
then the current has to wait outside

till the offloading tractor comes out

as there is not enough space inside

the kiln for 2 tractors’s to enter at

once.

Once the tractor enters the kiln, the

workers being offloading the bricks

in a line one over the other leaving
Unloading of
a small space between the previous
bricks in the kiln
line of off loaded dried bricks to

give enough space for the brick

architect to arrange the bricks

appropriately for the firing

operation

6.3. Time study

There are 8 bharai workers in one brick kiln industry. There is no specific time schedule for
work. The only criterion is they have to load, transfer and unload 40,000 breaks per day.
Each tractor can carry 1650 bricks at a time. To fulfil their target the workers need to
complete 26 trips per day. There are two tractors for this activity. In the winter season, the
loading of the truck starts at 6:00 am in the morning and goes on till 12 pm and again starts
from 2pm to 6pm. In summer season they change their time schedule for excessive
environmental temperature. They started work from morning 5am and continuing up to
10am & again from 5pm to 10pm. The time motion study (work pause cycle during work)
involved in brick transfer work of 8 subjects is noted down by using a stop watch. The time
motion study gives an assessment of the number of hours the worker is spending for brick

transfer and how much pause he takes while he is performing the activity. During tractor
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driving the workers are seating on tractor. This time is indicated as pause time. The table 6.2

gives a precise time line of the whole day activity as well as average duration of the brick

transfer activity along with average pause time he is under taking during the activity.

Table 6.2 : Average time frame for Bharai activity

Work Time (min) Other Time for Total
Actual Work time Pause time (Min) Total household sleep Time
k| — work work time (min) (min)
5 E = | £ g E £ _ time (min)
< w0 .S S £ Qo = £
£ S Ke] (] = g S (mm)
T - c £ > g =
8 > F 5 g
— O
1440
Brick 215 205 130 20 570 390 480 minute
Transfer /24
(Bharai) hours
6.4. Physiological demand for the job:

For bharai worker, it was observed that the mean working heart rate 122 b.min™ during

work & 94 b.min™® during pause time. From this energy expenditure study, we derive the

relationship between the oxygen consumption & heart rate (O, consumption = 23.87*HR -

1793.57).

The energy expenditure was then calculated by multiplying the O, con (l.min-1)

multiplied by 5 kcal (1 lit of Oxygen = 5 kcal of energy). We consider the sleeping heart rate

70 b.min™ & other house hold work heart rate 100 b.min™. Whole day energy expenditure

(3868.1 kcal) also calculated for the bharai worker. Considering the average working heart

rate of 122 b.min™" we can say that bharai activity falls physiologically under fairly light work

load as per Sen (1969)
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Table 6.3; Energy Expenditure of Bharai Worker:

Bharai Activity Avg Heart Rate Avg Energy Avg Time (min) Whole day
(b.min™) Expenditure working energy
(kcal.min™) expenditure
(kcal.min™)
Loading 122 491 215 1055.65
Unloading 122 5.11 205 1047.55
Carrying 94 2.47 130 321.1
Pause 94 2.47 20 49.4
Total Work time 570 2473.7
Other Household Work
100 2.96 390 1154.4
Sleep Time 70 0.5 480 240
Whole day Activity 1440min/12 hrs 3868.1 Kcal

6.5. Biomechanical issues

Arrangement of bricks during bharai activity demands highly repetitive below waist bending
work for the loading and unloading of the brick activity. Therefore, biomechanically such
work is highly detrimental in terms of neuro-muscular activity with possible lead towards

spinal cord injury.

6.6. Psycho-physical issues ( use of music, body ache, body pain)
Physiologically, this job is under high stressed category demanding very high energy for
performing the job. Proper work-rest cycle needs to be worked out to eliminate the

accumulation of physiological stress.

Psychologically bharai is a highly monotonous job which leads to boredom. To avoid these,
workers playing light regional music through loud speakers to make their job environment

more playful. The music system is mounted in the tractor.

6.7. Human energy cost per brick:

Within 24 hours duration, the bharai workers spend 9 hours 30 minutes for brick transfer
work, 6 hours 30 minutes for other house-hold work & 8 hours for sleep. For bharai
workers, the whole day activity demands about 3868.1 kcal energy as shown in table 6.3.

An attempt was also made to find out the Human Cost for handing each brick during bharai

activity. The eight bharai workers transfer 40,000 bricks per day. That means one person
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can transfer 5,000 bricks per day. From Table 7.3, it was observed that the per brick human
energy cost during brick transfer was 0.49 kcal (work related) and 0.77 kcal (whole day
related). It was also observed that the per brick time cost during brick transfer was 0.07 min

(work related) and 0.29 min (whole day related)

Table 6.4. Human energy cost per bricks for bharai activity

Bharai Required Energy Output (No of Human energy Human
Worker Time Expenditure bricks) required/Brick Time
(Min) (Kcal) cost/bricks
Actual Work 420 2103.2 40,000/8 persons
5,000/person 0.49 Kcal 0.11 min
Pause 150 370.5
Total (work 570 min 2473.7 kcal 5,000/person 0.49 kcal 0.07 min
related)
Other work 390 1154.4 5,000/person 0.77 Kcal 0.29
Sleep 480 240
Total (whole 1440 min 3868.1 kcal 5,000/person 0.77 kcal 0.29 min
day)

6.8. Conclusion:

Physiologically, bharai falls under light activity category as the average HR is below 125
b.min®. But biomechanically it is highly strenuous due to frequent bending or bending-
twisting of vertebral column. Severe pain in the lower back in the region of lumbaro-sacral
region is expected.

Localised high degree of fatigue of shoulder, hand, wrist palm and finger tips are expected
from the view point of shifting bricks at high frequency.

Our findings coincide with the reports from the workers on backache/back pain, and other
body joints related pain.

To protect fingers from injuries during brick transfer, works developed finger guards by
themselves by using locally available material.

Further in depth studies are essential in terms of design intervention, and setting up work-

rest cycles. It may be necessary to relook at the entire system for better work posture.
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Chapter 7.

Stacking of Raw bricks for Firing (Khadkan):

Sun dried bricks are not hard enough. To make the bricks harder, Sun dried bricks need to
proper firing. The raw break has to be beaked under optimal temperature so that lower
temperature does not make bricks sufficiently harder and higher temperature over heats
the break which changes the shape and colour of the brick. Proper arrangement of raw
bricks is required for uniform firing. Brick arrangement in kiln is, therefore, an important
step for quality output. Experienced and skilled worker is required for brick arrangement.
Locally these workers are known as Khadaiwala. This job is done by the experienced male

workers only.

7.1. General introduction

7.1.1. The process of Khadkan

In this process raw bricks are arranged by male workers in a systematic way for fuel (coal)
charging and quality firing of bricks. Knowledge on the arrangement process is acquired by
watching their seniors along with experience. These workers are the skilled workers in terms
of arranging the bricks for proper firing. There is a scanty of such skilled workers in brick

making activity today.

The height of kiln wall is nearby 8 feet. This demands placement of bricks above shoulder
height.

Biomechanically the upper limit should be below the shoulder level. Figure 7.1. depicts
different postures adopted during Khadkan activity. As the stacking of bricks during khadkan
forces frequent below the waist bending and raising hands above the shoulder, khadkan is

biomechanically highly stressful job.
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Figure 7.1. Different postures adopted during Khadkan (Khadai) operation.

7.2. Time study

Khadkan work is experience dependent. Output of the brick kiln studied is 40,000 bricks per
day. There were five khadkan workers in one brick kiln industry. There is no specific time
schedule for work. The only criterion was they have to arrange 40,000 breaks a day. During
winter season the work schedule is from 6:00 am to 1:00 pm. In summer season they
change their work cycle because of environmental heat. They are continuing their work
from morning 4:00 am to 10:00 am & again evening 5:00 pm to 8:00 pm. The time motion
study (work pause cycle during work) involved monitoring of the brick arrangement work by
5 subjects manual using a stop watch. The time motion study gives an assessment of the
number of hours the worker spent for brick arrangement and how much pause he took
while performing the activity. The table 7.1 gives a precise time line on the whole day
activity as well as average duration of the khadkan activity along with average pause time

under taken as a part of total work time.
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Table 7.1 : Average time frame for Khadkan activity

Activities Avg Duration of work (min) Other Time for | Total
Work Pause Total household sleep Time
time Time (min) | work work time (min) (Minute)
(min) time (min)

(min)
1440

Khadkan 375 165 540 420 480 minute

(37.5%)* /24 hours

* Figure in parenthesis indicates percentage against whole day

7.1.3. Physiological demand for the job

For khadkan worker, it was observed that the mean working heart rate 132 b.min™ and that
during pause time was 75 b.min™ during pause time. From this energy expenditure study,
we derive the relationship between the oxygen consumption & heart rate (02 consumption
= 15.06*HR-835.86). The energy expenditure was then calculated by multiplying the 02
con (Lit.min-1) multiplied by 5 kcal (1 lit of Oxygen = 5 kcal of energy). We considered the
sleeping heart rate 70 b.min™ & other house hold work heart rate 100 b.min™. Whole day
energy expenditure (4516.85 kcal) was also calculated for the khadkan workers.

Considering the average working heart rate of 132 b.min™ we can say that khadkan activity

falls physiologically under high work load as per Sen (1969)
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Table 7.2: Energy expenditure of Khadkan workers

Khadkar Workers Value | Total engexp | Total time
(kcal.Day™)
N Average Working Heart Rate (b.min™) 132
g Average Working Energy Expenditure (kcal.min™) 5.51
z 4733 Average work Time (min.day™) 375 540 min
§ < Average Working Energy Expenditure (kcal.min™) 2066.2 | 2270.8 kcal Or
g | Average Pause Heart Rate (b.min™) 75 9 hr
.E '% Average Pause Energy Expenditure (kcal.min™) 1.24
g Average Pause Time (min.Day) 165
& Average Pause Energy Expenditure (kcal.min™) 204.6
o Average Other Working Heart Rate (b.min™) 100
é E Average Other Workin.g Ener?y Expinditure (kcal.min™) 3.35 14073 kel 420O|;nin
% E Average Other work Time (min.Day™) 420 Thr
© Average Other Working Energy Expenditure (kcal.day™) | 1407.3
Average Sleeping Heart Rate (b.min™) 70
_qé Average Sleeping Energy Expenditure (Kcal.min™) 1.09 480 min
' . : T 524 kcal Or
9 Average Sleep Time (min.Day™) 480
@ Average Sleeping Energy Expenditure (kcal.Day™) 524 8 hr
Total Energy Expenditure (kcal.Day™) 4,202.1 kcal | 24 Hours

7.1.4. Biomechanical issues:

Total output of this industry is 40,000 bricks per day. There were 5 number of khadkan

workers engaged in this work. Every single worker arranged near about 8,000 bricks per day.

To arrange the bricks they had to adopt bending posture very frequently of approximately

1333 times a day, considering 2 breaks are being handled per bending and number of bend

will be 1/3 number of the total number of bricks. This repetitive bending posture creates

severe musculo-skeletal problem especially in the lower back, neck, hip and knee joints as

reported by the workers. The entire process of brick arrangement was divided into certain

components for postural assessment. Different standardized methods were applied for

assessing the risk factors associated with this job. Assessment by OWAS method revealed
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that all the postures were highly risky and corrective measures are required as soon as
possible. RULA score was 7 suggesting for action level 4 where intervention and changes are
immediately required. REBA score was 10 or more than 10, indicating corrective action
including further assessment is immediately required. Based on posture evaluation scores
and from direct observations it was clear that such high frequency repetitive bending
posture for hours after hours throughout the day, and days after days, is highly detrimental
for the workforce. The environmental heat stress will be the added factor for further
enhancement. Changes in work posture and associated tools need immediate attention.

Shifting of load in high frequency is the next imperative cause of musculo-skeletal disorder.
Considering the average weight of each sundry raw brick is of 3 kg which is handled for
shifting 8,000 bricks a day causes a cumulative load handling of 24,000 kg (24 tons) per day.
This high volume of load handling days after days leads to localized musculo-skeletal
disorders/injuries as evident from the high degree of body ache/body pain discomfort rating

of the workers mentioned in paragraph 7.1.5.

7.1.5. Psycho-physical and occupational health issues:
From the questionnaire study and discussions with the workers, all the workers engaged in
khadkan works reported high degree of pain in the lower back, shoulder, upper arm, hand,

wrist and hip joints.

Such pains are highly correlated with the work posture. The high frequency simultaneous
bending and twisting is the cause of severe low back pain (lumbaro-sacral), hip joint and

neck joint (cervical). This is exaggerated by handling of loads by hands with high frequency.

Handling of 24,000 kg (8,000 bricks X 3 kg) per day is the obvious reason for Shoulder, arm

and wrist problems.

It has been further evidenced that frequent handling of raw bricks by hand caused severe
cuts, wounds, abrasion and thick corn formation on the thumb, index and second fingers as
shown in figure7.2 to protect from this physical injury, workers indigenously developed,

very low cost, finger tip protective devices based on local resources.
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Figure 7.2. Indigenously developed finger covers in use by the khadkan and bharai workers.

Direct Sun rays (heat stress) also creates uncomfortable situation. Dusty environment also
causes respiratory hazards among the workers. In this study we have not assessed the lung

function and general blood picture of the workers which is suggested for the further studies.

7.1.6. Human energy cost per brick for khadkan activity:

Within 24 hours duration, the khadkan workers spend 9 hours for brick arrangement work,
7 hours for other house-hold work & 8 hours for sleep. For khadkan workers, the whole day
activity demands about 4202 kcal energy as shown in table 7.2.

An attempt was also made to find out the Human Cost for handing each brick during
khadkan activity. The five kharkar workers arrange 40,000 bricks per day. That means one
person can arrange 8,000 bricks per day. From Table 7.3. it observed that the human energy

cost per brick during khadai operation was 0.28 kcal.

Table 7.3: Human energy cost per bricks for khadkan (Khadai) activity

Khadkan Required Time Energy Output (No of Human energy Human
Worker (min) Expenditure bricks) required/Brick Time
(kcal) cost/bricks
Actual 375 2066.2 40,000/5 persons
Work 8,000/person 0.28 kcal 0.07 min
Pause 165 204.6
Total 540 min/9 2270.8kcal 8,000/person 0.2kcal 0.07 min
Hours
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7.1.7. Conclusion: Arrangement of bricks during khadkan activity demands highly repetitive
below waist bending work. Therefore, biomechanically such work is highly detrimental in

terms of neuro-muscular activity with possible lead towards severe spinal cord injury.

Physiologically, this job is under high stressed category demanding very high energy for
performing the job. Proper work-rest cycle needs to be worked out to eliminate the

accumulation of physiological stress.

Psychologically Khadkan is highly monotonous repetitive job leads to monotony and
boredom. To avoid these workers shares jokes among themselves which must be
continued. In addition to that, use of radio or playing light music as per workers preference

is suggested.

Prevention from Occupational injury is further suggested for protection of the workers.
Khadkan activity is the prime activity in terms of laying out of bricks for proper firing. As
very limited number of such skilled workers is available, we must protect them for our own

benefit by developing low cost protective devices.
Creation of khadkan related awareness program is also suggested for workers uplift and

quality improvement. We can link with different design schools towards development of

different low cost personal protective device.
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Chapter 9. Nikashi : Removal of baked (red) bricks from kiln
9.1. Removing the red bricks (Nikashi) : The final stage of brick production is removing the
baked bricks from the kiln by using a manually drawn wheel barrow and stacking those
bricks at a distance encompassing the kiln. The work contents are divided in three major
activities;

1. Removing the top brick dust

2. Removal of red (fired) bricks

3. Cleaning the kiln
Workers for this job are mostly migrated from Rajasthan as a young couple with children.
Both male and female worker are engaged in this activity. After removing the baked bricks,

workers need to do the cleaning of the kiln ground for next use.

9.1.1. The process of Nikashi:

9.1.1.1. Removing the top brick dust:

The first job under nikashi activity is removal of brick dust, fig 9.1 from the top layer of the
fired (Red) bricks. Couple of workers forst go to the top of the kiln and manually by using

shovel and basket (plastic/metal) they remove the top brick dust.

Figure 9.1. Removal of top brick dust under nikashi activity

9.1.1.2. Removing bricks
The second operation under nikashi is removal of red bricks. This activity can be subdivided

into four sub activities as shown in figure 9.2. ;
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1. Stacking (Loading) the bricks on cart (Wheel barrow)
2. transferring the bricks to a distant place by pushing the cart
3. Stacking the bricks in the pre-defined stack of bricks in an orderly fashion

4. Return to the kiln for reloading and the process continues.

Figure 9.2. Removal of bricks under nikashi activity
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After loading the cart with just fired red bricks in the kiln, workers take the wheel barrow to
a nearby place out of the kiln. For transferring (removal) of bricks, each worker, irrespective
of gender, is assigned with one wheel barrow. Usually a female worker transfers about 38
while the male transfers about 50 number bricks in each cycle. This is a very laborious task
to push the cart. Apart from the wheel barrow weight (say 15 kg) a load of 90 kg (2.8 kg X
32) for women per trip and that of 140 kg (2.8 X 50) for men gets sink in the thick brick dust
at the ground of the kiln while pushing. This causes a very high resistance to push the cart.
This is reflected by the very high heart rate for both the genders. The upward slop between
the ground level of the brick kiln and the outside ground surface is further additive factors

to increase the physiological cost as shown in table 9.3 and 9.4 below.

After coming out of the brick kiln workers stack the bricks in a nearby place opposite to the
kiln outlet as shown in figure 9.3. In general there will be six outlets from the kiln against of

which red bricks are stacked.

After stacking the bricks out of kiln, the worker with empty wheel barrow returns to the kiln

for further reloading and continuing with the work cycle.

Figure 9.3. Removal and transfer of red bricks from the kiln
and stacking them in a nearby place encampusing the kiln.

9.1.1.3. Cleaning up the kiln
The cleaning activity mostly involves collection of all brick dust powder and dumping it to

the side of the kiln. It also involves removal of broken bricks etc as shown in fig. 9.4. The
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process makes the entire bed of the kiln free from any brick dusts or unwanted elements.
The job is performed manually by using shovel and a basket. All most all the couples will be

engaged in this cleaning job after removal of bricks.

Figure 9.4. Cleaning activity of the kiln usually done by the couple.

The vertical height of the kiln is about 305 cm (10 feet). This makes difficult to transfer of
debris. To resolve this issue, men perform the heavy work at the ground like shovelling,
lifting and transfer of debris. A woman, sitting on the top edge of the kiln, picks up the
bucket and dumps the debris next to her. This debris will be reused to cover up the top of

the raw bricks after khadkan.

9.1.2. Time study

In brick making industry, removal of red bricks is the final task. Male and female workers are
engaged in this activity. There are 20 (10 male &10 female) workers engaged in this activity
and the total output was 40,000 bricks/day/20 workers. Female workers transferred 32

bricks per trip and male worker did 50 bricks per trip (female: male 1:1.56). Therefore,
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individual output is 1600 bricks (approx) for female workers and 2500 (approx) bricks for
male workers per day. There is no specific time schedule for work. The only criterion is
delivering minimum 40,000 breaks per day. During winter season they start work from
morning 6:00 am continuing up to 12:00 pm and again from 3:00pm to 5:00 pm. In summer
season they start from morning 4:00 am to 10:00 am and again evening 5:00 pm to 7:00 pm.
Based on time motion analysis the entire nikashi activity was divided into three basic
components viz, 1) Removing of red brick dust from kiln top, 2) Removing the bricks from
kiln and 3) Cleaning the kiln ground for refilling with green bricks. "Removing of bricks' was
also divided into another four sub-activities such as i) Loading in cart, ii) Onward movement,
iii) Stacking and iv) Return as already mentioned in chapter 9.1.1.2 earlier. The times taken
for every sub-activity were noted down. Table 9.1 gives a precise time line of the whole day

activity as well as average duration of the brick removing activity and average pause he is

taking during activity.

Table 9.1 : Average time frame for Nikashi activity

Nikashi Work Activity w
Z £
:g Removing Removal of Bricks from Kiln Cleaning . ';
8] c —
< | kiln top dust kiln ground E £ S
FRE-RE: |z
= —_ £ = < = ‘€
—_ = = c — = Q - | £
= < < el E|E | | = s | x| & |3 v | @
E |E |wEl g w |- |E|E |E|S |2 |8 E | E
~ ~ c o E E c ~ - ~ ; a = =
— ~ ) = © Q =z - (<] ~ [<B) — — = — o —
< pt v T o 2 > G =1 2} p (22 © © @ c ) ©
3 ~ 3 S92 28| 8 9] 3 9 3 o ° s E ] °
2|3 a Secloz| & o a = o [ [ 5 E | & [
2
30 15 100 25 100 | 25 110 | 45 15 325 | 140 | 495 480 | 1440
8 hr 15| 8 24 hr
465 min or 7 hr 45 min min hr

9.1.3. Physiological demand for the whole job

For male nikashi worker, it was observed that the mean working heart rate 139 b.min™ (max
HR 156 b.min) during work and 97 b.min™ during pause time. From the physiological
study, we derive the prediction equation between the oxygen consumption & heart rate (O,
consumption = 17.79*HR-1391). The energy expenditure was then calculated by
multiplying the O, con (l.min-1) multiplied by 5 kcal (1 lit of Oxygen =5 kcal of energy). We
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consider the sleeping heart rate 70 b.min™ and for other house hold work heart rate was
considered as 100 b.min™. Whole day energy expenditure for the male nikashi worker as
predicted was 3035.7 kcal. Considering the average working heart rate 139 b.min™* we can
say that for male nikashiwala, the activity falls physiologically under heavy work load

category as per Sen (1969)

Table 9.2: Energy expenditure of male Nikashi workers

Avg Heart | AvgEnergy | Avg Whole day
Rate Expenditure | Time working energy
(b,min'l) (kcal.min-1) | (min) expenditure
(kcl.min’™)
Removing of | 137 5.23 30 156.9
Brick Dust
Loading in | 135 5.02 100 502
Cart
Onward 156 6.92 25 173
Movement
Stacking 136 5.11 100 511
'\I\/l'ﬁ('ae Work | Return 133 4.93 25 1233
shi Cleaning the | 137 5.23 45 235.4
work kiln ground
or Total Actual 325 1601.6
Work
Pause time 97 1.67 140 233.8
Total Work 465 1835.4
time
Other Household 100 1.94 495 960.3
Work
Sleep Time 70 0.5 480 240
1440 3035.7
Total min/12
hr

For female nikashi worker, it was observed that the mean working heart rate 143 b.min™
(max HR 167 b.min™) during work and 93 b.min"during pause time. From physiological
study, a prediction equation was developed between the oxygen consumption & heart rate
(0, consumption (L.min™") = 16.29*HR b.min™ - 1325.3). The energy expenditure was then
calculated by multiplying the O, con (l.min-1) multiplied by 5 kcal (1 lit of Oxygen = 5 kcal of
energy). We consider the sleeping heart rate as 70 b.min™ and other house hold work heart

rate 100 b.min*. The whole day energy expenditure as calculated for the female nikashi
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worker was 2768 kcal. Considering the average working heart rate of 143 b.min™ we can say

that nikashi activity for females falls physiologically under high work load as per Verghese

(1989). The physiological stress for female is higher than that of male.

Table 9.3: Energy expenditure of Female Nikashi workers

Avg Heart
vg Hear Avg Enfergy Avg Time Whole day
Rate Expenditure (min) working energy
(b.min'l) (kcal.min™) expenditure (kcal)
Removing  of 135.9
Brick Dust 137 4.53 30
Loading in Cart 137 4.53 100 453
Onward 167 6.98 25 174.5
Movement
Stacking 150 5.62 100 562
Nikashi | Return 133 4.23 25 105.75
Female | "° [Cleaning th
emare eaning - the | 937 4.53 45 203.85
worker kiln ground
Total  Actual 1635
Work 325
Pause time 93 0.95 140 133
Total Work 465 1768
time
Other Household Work 100 1.52 495 760
Sleep Time 70 0.5 480 240
1440 min 2768
Total /12 hr
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To reduce the high physiological work load, the owner of the brick kiln under study
introduced tractor to transfer the red bricks from kiln to the stacking area as shown in fig.
9.5.

Figure 9.5. Use of tractor in transferring red bricks from kiln to the stacking area.

9.1.4. Biomechanical issues:

Manual handling of load by using a cart is one of the major biomechanical issue for nikashi
activity. The high physiological demand as recorded in this study coupled with the body
ache/body pain report expressed by the workers leads towards strong possibility of MSD.
Apart from back ache, back pain, shoulder pain, pain in thigh and calf are also prominent in
this operation. generation of high pushing force as against the ground condition may be the

reason for that.

Frequent bending coupled with twisting trunk also leads to severe back pain and if this work
posture allow to be continued it will lead to sever spinal cord injury. In this case workers

follow the same work posture which might be another cause of back ache, back pain.

Frequent handling of load in the process of brick stacking is further additive factors related
to localized MSD. Use of different work posture analysis methods (OWAS, REBA, RULA) also

suggest for immediate intervention based on ergonomics principle.

There are design related issues like design of the wheel barrow. This product is locally made

by using local resources keeping in mind of cost effectiveness. Infusion of better
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appropriate design whether a wheel barrow or any other tools should be evolved and

applied for workers uplift and protection of this limited resource

9.1.5. Psycho-physical and occupational health issues:
Apart from Biomechanical issues related to msd, the workers under nikashi job is highly

exposed to dust with a possible risk factor of silicosis.

9.1.6. Time study and energy expenditure per day:

Out of 24 hours duration, the nikashi workers spend 8 hours for brick removing work, 8
hours for other house-hold work and 8 hours for sleep. For nikashi workers, the whole day
activity demands about 3035 kcal for male and 2768 kcal for female as shown in table 9.2.
and 9.3.

An attempt was also made to find out the Human Energy Cost and Time required for
handling each brick during nikashi activity. Each Female worker removes 1600 bricks per day
and male worker removes 2500 bricks per day. From Table 9.4. & 9.5., it can be observed
that the per brick human energy cost during brick removing was 0.73 kcal (work related),
1.21 kcal (whole day related) for male and 1.10 kcal (work related), 1.73 kcal (whole day
related) for female worker. It was also observed that time required per brick to get
transferred during nikashi job was 0.186 min (work related), 0.576 min (whole day related)
for male workers and 0.29 min (work related), 0.9 min (whole day related) for female

worker.
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Table 9.4: Human energy cost per bricks for nikashi activity (Male Worker)

Male Nikashi Required Energy Output (No of | Human energy Time
Worker Time (Min) | Expenditure (Kcal) bricks) required/Brick | required/brick
Actual Work 325 1601 2500 0.186 min
Pause 140 233.8 bricks/person 0.73 Keal
Total (work | 465 min/8 1835.4 Kcal 2,500/person 0.73 Kcal 0.186 min
related) Hours
Other Work 495 960.3 2500 1.21 Kcal 0.576 min
Sleep 480 240 bricks/person
Total (whole 1440 min 3035.7 Kcal 2,500/person 1.21 Kcal 0.576 min

day related)

Table 9.5: Human energy cost per bricks for nikashi activity (Female Worker)

Male Nikashi Required Energy Output (No of | Human energy Time
Worker Time (Min) | Expenditure (Kcal) bricks) required/Brick | required/brick
Actual Work 325 1635 1600
Pause 140 133 bricks/person 1.10 Kcal 0.29 min
Total (work 465 min 1768 Kcal 1,600/person 1.10 Kcal 0.29 min
related)
Other work 495 760 1600 1.73 kcal 0.9 min
Sleep 480 240 bricks/person
Total (whole 1440 min 2768 1,600/person 1.73 kcal 0.9 min

day related)

9.1.7. Conclusion:

Brick removing activity is a high energy demanding activity. During loading and unloading

they adopt bending posture that creates musculoskeletal disorder in different part of body.

Removing of bricks during nikashi activity demands highly repetitive below waist bending

work. Therefore, biomechanically such work is highly detrimental in terms of neuro-
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muscular activity with possible lead towards severe spinal cord injury. During Carrying the
bricks by wheel barrow are maximum energy demanding work.

Physiologically, this job is under high stressed category demanding very high energy for
performing the job. Proper work-rest cycle needs to be worked out to eliminate the
accumulation of physiological stress.

In this study we have not assessed the lung function and general blood picture of the
workers which is suggested for the further studies.

As the health is directly related to nutritional input, nutritional balance study is further
suggested.

Considering high physiological and possible biomechanical stress, it is suggested to
introduce tractors for brick transferee. Care has to be taken to design the system in such a
way that design intervention works as an assistive solution for better productivity, health

and safety but not to replace the worker.
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