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Abstract - Safety in welding is a very important aspect. 
Welding is one of the most widely used metal fabrication 
methods in world wide. Welding is safe operation when 
carried out under normal and correct workshop conditions, 
but it must be pointed out that equipment free from defects 
and well arranged, properly ventilated, tidy workplace are 
important factors for safe working. Even though, welding is 
carried out widely across the world, when certain basic 
measures and precautions are not followed, it results in 
injuries, discomfort, loss of eye sight after a longer period, or 
sometimes even leading to death of the people work there. 

      Welding is one of the major processes in High Pressure 
Boiler Manufacturing Industries. In High Pressure Boiler 
Production, Tubular Production is the very important process, 
since it involves welding of tubular products where and steam 
at very high pressure and temperature of about 570 
atmosphere and 600°C shall be circulating inside. The existing 
welding process of the Tubular Production and the 
environment in which the welders working area are studied by 
analyzing the working condition, welding accidents, 
discomfortness and to bring out the improvement in their 
working conditions. 
 
Key Words:  Tidy workplace, Ventilated, precautions, 
High pressure boiler, Tubular production, welding 
accidents. 
 

1.INTRODUCTION 
 
      Globalization of the economy has intensified over the 
recent years and together with the development of the new 
information and telecommunications technology, it is 
bringing about radical changes in society, comparable to 
those produced during the industrial revolution. 
Occupational safety and health cannot ignore those changes. 
And in this context, the greatest challenge for the countries is 
the transformation of the difficulties involved in adapting to 
the new situation into opportunities for the future 
development of occupational safety and health. 

      The phenomenal development of trade transactions 
across the globe has resulted in the introduction of newer 
processes and newer chemicals hitherto unheard of in 
developing countries. This a cause for serious concern and 
the entrepreneurs and the health and safety personnel have 
to take appropriate steps to prevent calamities in future. 
Ergonomics is an essential factor to be taken into 
consideration. If the operator knows, there appropriate 
conditions with regard to temperature, lighting, ventilation, 
cleanliness, workload etc., the probability of human error 
decreases significantly. As a result, many enterprises now 
consider their policies for improving working conditions as a 
key element in their policies for improving quality. 

 
1.1 Working Conditions 
 
        The first precaution to avoid accidents is the elimination 
of potential causes, both technical and human. The 
observance of technical rules and standards, careful 
supervision and maintenance, safety training for all workers, 
and the establishment of good working relationships makes 
the working conditions conducive. Dangerous operations 
(for example, those resulting in environmental pollution or 
producing noise or vibration) and harmful substances which 
may contaminate the atmosphere at the workplace should be 
replaced by harmless or less harmful operations or 
substances.  

       Where group technical measures and administrative 
measures do not reduce exposure to acceptable levels, 
workers must be provided with suitable personal protective 
equipment to prevent them from the hazards in the working 
environment. Physical hazards include activities or natural 
substances in a work environment that pose health risks. 
Extreme temperatures, poor air quality, excessive noise and 
radiation in the workplace can all harm workers, potentially 
causing respiratory problems, hearing loss and cancer, 
among other hazards injuries problems. 
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1.2 Welding safety 
 
      Welding is one of the most widely used metal fabrication 
methods. There are a large variety of welding and allied 
processes used within modern industry. In general welding 
processes can be divided into the two basic categories of 
fusion welding and solid-state welding. These various 
processes differ in the manner with which heat, pressure or 
both are applied and, in the equipment, used for that 
process.  

        Safety is assured by choosing equipment complying with 
the relevant standard. Shop management must be aware of 
such hazards, and must provide safe and healthy working 
conditions to their welders. Constant inhalation of certain 
constituents of welding fume and gas over a period can be 
eventually harmful to the lungs and other organs of the 
human body cause several health disorders. 

 

2. OBJECTIVE OF THE RESEARCH 

The objective of this research is as follows:  
1. To analyse critically all the hazards involved in 

water wall panel welding practice.  
2. To come out with concrete proposals to control 

the number of hazards in welding process. 
3. To recommend suitable personal protective 

equipment’s for the welders working in the Panel 
processing Machines, so that there is 
considerable increase in the productivity and 
quality of these water wall panels.  

4. To enhance improvement in working condition of 
the welders operating these machines. 

5. Proper PPE and Suitable working area should be 
provided, for the comfort of welding. 

 

3. WATER WALL PANELS 

      Boiler Water Wall Panels are a series of tubes welded 
together tangentially or with membrane bar between them to 
form the walls of the boiler’s combustion chamber. These 
tubes contain mostly water in liquid form that slowly 
evaporates and rises in the boiler during combustion. Water 
Wall Panels are used in modern day Boilers in place of Steam 
Generating Tubes to reduce heat loss due to their gas tight 
nature and reduce their insulation. 

Advantages of water wall panels: 

 Water wall panels are impervious to air leakage as 
it can minimize losses within the combustion 
chamber. 

 To obtain a comprehensive cooling of the 
combustion chamber along with the boiler 
accessories membrane, this panel would restrict 
coking amidst supplemental firing. 

 Use of wall panels can reduce construction costs by 
providing a consistent appearance to the panel 
surface without requiring the application of paint 
or another finishing material. 

 The warming of the combustion chamber is quick 
and the cooling process is extremely fast.  

 This might reduce the heating and cooling time of 
the boiler’s commencement process and shut down 
procedures of the furnace. 

 

 
 Fig -1: Water wall panels 

 

4. HAZARDS OF WELDING 

        The more common hazards, which apply to all metal 
working occupations, are accidents resulting from falling, 
from being hit by moving parts, from exposure to excessive 
noise, from working around moving machinery, from 
exposure to hot metal etc. 

1. Electrical Shock  
2. Arc Radiation  
3. Fumes And Gases  
4. Noise  
5. Musculoskeletal Injuries  
6. Fire And Explosion 
7. Confined Spaces 
8. Cleaning And Chipping of Welds  
9. Tripping And Falling 

5. WELDING CONDITION 

      The welders must develop the habit of always keeping 
their bodies insulated from both the work and the metal 
electrode and holder. They must always wear shoes and 
gloves. He also emphasizes that all accessories used by the 
welder are meant to ensure his safety and guard his health 
that electrode leads and work leads should not be coiled 
around the welding machines, nor should they ever be coiled 
around the welder. Electrode holders should not be hung 
where they can accidentally come in contact with other side 
of the circuit. Electrodes should be removed from holders 
whenever they are not in use. 

5.1 Arc 

      The electric arc emits large amounts of ultra violet and 
infra-red rays. Both types of rays are invisible to the naked 
eye just as the same type of rays emitted by the sun is 
invisible. When welding with the electric arc, there is added 
danger that the small globules or droplets of molten metal 
may leave the arc and fly in all directions. These so-called 
sparks range in temperature from 2000°F to 3000°F and in 
size from very small to as large as ¼ inch. They present a 
personal burn hazard plus a fire hazard if they fall in 
inflammable material. 

5.2 Possible effects of over-exposure 

       The possible effects of over exposure of Fumes and Gases 
and how to avoid them. The amount and composition of 
these fumes and gases depend upon the composition of the 
filler metal and base material, welding process, current level, 
arc length, and other factors. Depending on material 
involved the hazards due to fumes ranges from irritation of 
eyes, skin and respiratory system to more severe 
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complications. The possibility of more serious health effects 
exists when highly toxic materials are involved. For example, 
over exposure of Manganese can affect the central nervous 
system resulting in impaired speech and movement. 

5.3 Material safety data sheets and labelling 

       Every consumable must have an associated MSDS which 
provides amongst other things, the composition of the fume 
emitted when the consumable is used. Often the MSDS 
provides information on the occupational exposure limits of 
the various fume components. Material Safety Data Sheets 
(MSDS) and labelling as, “Every supplier of substances and 
preparations is required to produce a data sheet listing the 
hazardous materials, if any, contained in the preparation. 
This enables the user to assess the risk attached to his 
intended use of the preparation, and to take appropriate 
precautions”. 

5.4 Noise 

      Noise is an unwanted and unpleasant sound. In welding, 
cutting and allied operations, noise may result from the 
process, the power source, or other equipment. Air carbon 
arc cutting and plasma arc cutting are examples of processes 
which are frequently noisy. Engine-driven generators may 
also be quite noisy. Excessive noise is a known health hazard. 
Scientifically, noise is composed of several frequencies and 
involves random changes in frequency or amplitude. Sound 
waves are produced when the air is mechanically disturbed. 
Sound is measured by its frequency (pitch high or low) and 
intensity (loudness). Practically noise is unwanted or 
unpleasant sound. 

Impulse or Impact of noise 
 
      The sound with a rise time of not more than 35 
milliseconds to peak intensity and 1500 milliseconds for the 
signal’s decay is called noise. Decibel (dB) is the unit for 
measuring sound. It is a relative scale of sound pressure 
level. The level indicates that the given quantity has a certain 
level above a certain reference quantity. 

Effect of noise 

1. Psychological effects (noise can startle, annoy and 
disrupt concentration, sleep or relaxation)  

2. Interference with communication  
3. Physiological effects (noise induced loss of hearing or 

aural pain when the exposure is severe. 
 

Occupational noise standard 

     Permissible Exposure Limit (for 8 hrs.) of 90 dB is 
followed in most of the industries. No exposure in excess of 
115 dB sound pressure level is permitted. Most standards 
and guidelines concerning noise exposure are based on an 8-
hour work shift and also provide levels for shorter working 
days. This Noise exposure limit for work shifts is considered 
as per the recommendation given in ISO standard. 

6. WELDING HAZARDS 

       Welders have an increased prevalence of 
musculoskeletal complaints, including back injuries, 
shoulder pain, tendinitis, reduced muscle strength, carpel 
tunnel syndrome, vibration white finger, and knee joint 

diseases. Work postures (especially welding overhead, 
vibration and heavy lifting) can all contribute to these 
disorders. These problems can be prevented by, 

1. Proper lifting  
2. Not working in one position for long periods of 

time  
3. Keeping the work at a comfortable height 
4.  Using a foot rest when standing for a long 

period  
5.  Locating tools and materials conveniently 
6.  Minimizing vibration 
 

6.1 Ergonomics in the welding environment 

      The Welding environment introduces many challenges to 
the field of ergonomics, many of which are now just being 
understood, not only by the manufacturing / processing 
sector, but by the medical profession as well. 

The problems resulting from poor Ergonomics are, 
1. Repetitive Motion Disorder (RMD)  
2. Worker Dissatisfaction. 
3. Lower Productivity.  
4. Lower Quality.  

Ergonomics, also called human factors engineering, 
involves designing the workspace to fit the needs of the 
workers, rather than trying to make workers adjust to the 
workplace. When a workplace is designed properly, the 
worker performing the task feels comfortable with the job 
both physically and psychologically. Quality and production 
increases, and all parties benefit from the improved 
conditions. 

6.2 Required actions before start of work in a 
confined space 

1. Open all covers and secure them from closing.  
2. Test confined space atmosphere for suitable 

oxygen content, no combustibles or reactive.  
3.  Isolate lines by capping or double valving and 

venting– keep vents open and valves leak-free.  
4. Lock out all systems not required during 

welding, cutting, or heating. 
5.  Provide means for readily turning off power, 

gas, and other supplies from outside the 
confined space.  

6. Protect or remove any hazardous materials or 
materials which may become a physical or 
health risk when heated or exposed to an arc. 

7.  Continuously Ventilate and monitor confined 
space to ensure that and gases 

6.3 Cleaning and chipping welds 

      Welding, chipping, wire brushing, and grinding cause 
sparks and flying metal. As welds cool, they can throw off 
slag. American Welding Safety, Health Fact Sheet No:34 
(2009), gives very elaborately about the hazards due to 
cleaning and chipping of welds. Approved safety glasses with 
side shields even under the welder’s welding helmet. 
Cleaning and chipping of welds should not be done with bare 
hands. Welders Hand Gloves must be worn by the welder 
whenever the cleaning and chipping is done. 
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6.4 Tripping and Falling 

     Welding, cutting and associated processes take place in a 
wide variety of locations under many different conditions. 
Asghar Ghahri (2012), elaborates about the hazards involved 

in welding from an elevated platform. American Welding 
Society, Safety and Health Fact Sheet No.9 (1998), explains 
elaborately about the hazard of Tripping and Falling. 
Welding and cutting occur in shops and factories on the floor 
level, on high steel in skyscraper construction, in pits, vats, 
mines, tanks, ship compartments, and literally everywhere 
that metals are joined or cut. 

7. WELDING PROCESSESS INVOLVED IN BOILER 
MANFACTURE 

       The various processes of welding adopted at High 
Pressure Boiler manufacture are: 

1. Shielded Metal Arc welding   
2. Submerged Arc Welding  
3. Gas Metal Arc Welding  
4. Flux Cored Arc Welding  
5. Gas Tungsten Arc Welding  
6. Orbital TIG Welding  

 
7.1 Welding process involved in tubular production 

       The existing welding process of the Tubular Production 
and the environment in which the welders work in these 
machines have been studied to bring out improvement in 
their working conditions. Water Wall Panel Welding or Panel 
Processing Machine (PPM) is the important work center in 
Tubular Shop in High Pressure Boiler Manufacture. This 
welding process involves welding of Tubes to Tubes of about 
24 meters in lengths and forming of 2.5-meter width panels 
out of tubes of maximum diameter 76.1 mm. These panels 
are further joined in Boiler erection-sites to form the 
required Water Walls connecting the bottom headers and 
top headers in the furnace of the High-Pressure Boiler. Eight 
Panel Welding Machines at the four manufacturer’s works 
are taken for study. Out of the eleven welding processes 
adopted at High Pressure Boiler manufacture, following five 
welding processes are exclusively used. 

I. Induction Pressure Welding  
II. Orbital TIG Welding  

III. Flash Butt Welding  
 
 

1) Induction pressure welding 

 After formation of coils, by fitting and tack-welding, 
the joints are welded in the Induction Pressure Welding 
(IPW) Machine. In this machine, the fumes produced during 
welding are not much, since the joints are individually 
welded and there is no electrode or flux involved. Figure 3.4 
shows the stages of Induction Pressure Welding with 
required tools for offsetting operation. This process is a very 
faster one in welding joints for making tubular coils. 

2) Flash Butt welding 

 Similar to Induction Pressure Welding Process here 
also after formation of coils, by fitting and tack-welding, the 
joints are welded in the Flash Butt Welding (FBW) Machine. 
The surfaces of the workpieces are positioned end-to-end. 
Flash-butt welding is subdivided into preheating, flashing 
and upsetting. Preheating is carried out under low welding 
pressure. The process of Flash Butt Welding. Once the 
welding joint is heated, flashing commences and joint 
surface material is burnt off, resulting in even joint surface. 
In this machine, the quantum of fumes produced during 
welding are not much, since the joints are individually 
welded and there is no electrode or flux involved. 

3) Orbital TIG welding  

 Similar to Induction Pressure Welding Process here 
also after formation of coils, by fitting and tack-welding, the 
joints are welded in the Flash Butt Welding (FBW) Machine. 
The surfaces of the workpieces are positioned end-to-end. 
Flash-butt welding is subdivided into preheating, flashing 
and upsetting. Preheating is carried out under low welding 
pressure. Once the welding joint is heated, flashing 
commences and joint surface material is burnt off, resulting 
in even joint surface. In this machine, the quantum of fumes 
produced during welding are not much, since the joints are 
individually welded and there is no electrode or flux 
involved. 

8. METHODOLOGY 

      The aim of this research is to analyze all hazards involved 
in all types of welding practices and to come out with 
concrete proposals to control the welding hazards by 
implementing and following the certain steps. 

Development planned 

      The research has been developed as per the steps given 
below are followed to do project work. 

Study of Existing Welding Processes for Production 
of Tubular Production in Boiler Manufacture 

       Out of the eleven welding processes adopted at High 
Pressure Boiler manufacture, following five welding 
processes are exclusively used in Tubular Production. 

i. Submerged arc welding 
ii. Induction Pressure Welding  
iii. Orbital TIG Welding  
iv. Flash Butt Welding  
 
 

MATERIALS SPECIFICATONS  

Tube Diameter Up to 76.1 mm 

Tubes Thickness Up to 12.0 mm 

Specification of Tubes Carbon Steel confirming to SA 
192, SA 210 Gr A-1, SA178 A, SA 
178 C and SA 210 Gr C 

Specification of 
Consumable 
Electrode Wire 

P1W2 

Flux Used for the SAW 
Process 

Hobart H 400, CE 400, Linde 
231, Linde 350 M 

                 Table 4.1 Materials used for welding 
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Identifying the Hazards in Water Wall Panels 
Welding 

      During the Water Wall Panels welding in each of all the 
eight machines, the welding fumes generated is very high. All 
the welders working 68 in these machines found it very 
difficult to stand closely and watch the weld beads, since the 
fumes generated are accumulated around the torches. The 
light intensity was also very high. The welders could wear 
the colored glasses, since they have to often watch the weld-
line weld beads and make necessary adjustments for torches 
position then and there, otherwise the whole panel has to be 
rejected, if the welding is off-line. These hazards have been 
observed for production parameters of different diameters 
and specifications of tubes (raw materials), consumable 
electrodes and fluxes.  

      The fume concentrations during production with these 
parameters were recorded both for day and night shifts and 
also in every quarter of the year. The welding was carried as 
usual in in shop and there is no change in production 
parameters (raw materials, welding procedure, welding 
parameters, etc. Due to this perennial problem, the quality of 
welding is not up to the mark. The weld-line often goes up on 
the tubes or on the flat fins. Lot of blow-holes and porosity 
are found. This envisages larger quantum of weld repair 
manually, which leads to considerable increase in 
production time. Sometimes even whole welded panels are 
rejected due to poor quality of welding. This costs more due 
to the raw materials Tubes and Fins, welding wire and 
machine engagement time and salary to the welders. 
Because of this also there is very much delay in delivering 
the welded panels to other work centers for further 
completion. 

Radiation Hazard 

       Once the parameters are set in the welding machine, the 
welding is automatic, but the welder has to stand very near 
to the welding torch and watch the progress of welding 
closely. He has to necessarily make adjustments in torch 
positions, whenever the weld bead is getting out of the weld-
line between the tubes and fin. Since the welder has to be 
always available very close to the welding torches, number 
of fumes and radiations he absorbs are more. Here it was 
observed that heat from welding is radiated in the form of 
infrared radiation.  
       The infrared radiation is harmless provided that the 
proper eye protection and clothing are worn. This arc eye 
problem is due to the welders have their eyes exposed to the 
arc for a short time. This has resulted in ‘arc eye’. It is very 
similar to a sunburn of the eye. For a period of 24 hours the 
welder will have the painful sensation of sand in the eyes. 
This condition is only for a temporary duration. But a 
remedial measure has to be taken to reduce the radiation 
level. The arc radiation due to welding around the machine 
was measured by using UV Meter as 40 µw/cm2, which is 
within the prescribed level. But welders working in these 
machines have to wear the masks with appropriate welding 
glasses. 

Studying of existing working conditions 

      The welding process carried out in all the welding centres 
are found to be with Submerged Arc Welding (SAW) process. 
During various welding process the welders were used to 

work in non-wearing of hearing safety PPE, face shield, 
goggles and improper working condition. 

 
Personal Protective Equipment Used 

        The contaminations of the toxic substances in the 
welding fumes where the welder works in most of his shift 
timings (i.e., 0 to 5 meters in distance from the machine) 
were above TLV level. The personal protective equipment’s 
the welders wore were also noted. It was found that the 
Personal Protective equipment’s used were not meeting the 
safety requirements envisaged for working in water wall 
panels welding. They have to completely cover all their body 
parts with protective materials. It was observed that the 
welders were working without welding helmets, without 
welding gloves and safety boots. It was also found that they 
were not wearing any respirators. 

Hazards identified as per occupational health 
center  

       From the survey taken randomly from all the 56 
welders the causes for the accidents are noted. All the 
57 welders said mostly accident occurs in eyes because 
of not proper wearing of goggles nearly 33 peoples in 
eye, during the time of welding hand were injured 
nearly 10 peoples, 4 welders wounds at head, 8 
welders get injured at leg, 1 welder get injured at back 
bone, 29% of workers were get accident during 
welding slag cleaning and 23% were get accident due 
to improper handling, 21% get injured due to flying of 
dust particle, 7% welders get injured due to slipping, 
20% get injured at cleaning of welding area. 

Chart -1: Accident percentage based on age 

               
Chart -2: Route cause of an accident 
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Chart -1: Accident in different body parts 

8. CONTROL MEASURES 

      Owing to the tremendous pressure from legislation, there 
is a need to carry out the assessment of the associated risks 
in the concerned processes. It has been observed that every 
process will have some impact on the overall environment. 
Therefore, it is essential to carry out this exercise prior to 
the start of the process. This facilitates in decision and policy 
making with respect to health and safety measures. With a 
basic health and safety information and some understanding 
of the requirements of the proposed welding activity, a 
welder can make an effective evaluation of the potential 
dangers associated with the processes involved. By 
examining the work area, equipment, materials and 
consumables to be used, the welder can make a judgment as 
to the likelihood that an incident or exposure to a hazardous 
event will occur.  
  Is the probability of an incident or exposure 
occurring low, moderate or high? 
   In the event of such an incident or exposure, will 
the result be severe, moderate or mild. 
       By carrying out such an assessment, the worker can 
decide what precautions need to be taken and what safety 
equipment or clothing is required to do the job safely. 

8.1 Potential Hazards 

        All welding and cutting processes generate noise but 
some are much noisier than others and some generate noise 
of a higher frequency. Exposure to noise over a period of 
time can result in impairment or loss of hearing. It is also 
possible that permanent hearing damage can be caused by a 
single, intense impact noise, like an explosion. Loud impact 
noises can also induce “tinnitus,” a continuous or 
intermittent ringing, or other noises, in the ear. Noise is 
fairly easy to detect but the effects can accumulate over a 
long period of time and so noise hazard can, surprisingly, be 
over looked. 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Risk Assessment  
 
 The risk of exposure to noise and damage to hearing 
in a production area shop is usually quite high. To assess the 
risk, account must be taken of the welding or cutting process 
to be used, the general and intermittent noise levels in the 
work area, the duration of exposure to noise and the 
protective equipment available. In most cases, the following 
steps will be necessary to carry out a risk assessment. 
 1. Where noise levels exceed allowable levels laid 
down in health and safety legislation, warning notices will be 
required either at the machine/process or, if excessive 
generally throughout a workshop, at all entrances. A 
workshop with such notices presents a very high risk of 
exposure to noise. Wearing of suitable ear protection 
reduces the risk of exposure to noise and damage to hearing.  
 2. Noise level measurements in dB (A) may need to 
be taken to identify where noise levels are excessive and also 
which operations are producing the highest noise levels. In 
some cases, it may be necessary to wear hearing protection 
only while performing specific fabrication processes. 
 

Risk Control Measures  
 

 Ear protection equipment (ear defenders, ear plugs, 
etc.) is the most prevalent risk control measure used to 
reduce personal exposure to noise. Ear protection devices 
must be in good condition and have sufficient noise 
attenuation properties. Poorly fitting or inadequate ear 
protection gives a high risk of exposure to noise. Not using 
ear protection increases the risk of hearing impairment over 
a period of time.  

 Segregation of noisy processes to one area of the 
workshop, away from the general work area, can be used as 
a control measure to reduce exposure to noise for the 
majority of workers. In the segregated area, there is a high 
risk of exposure to loud noise, but outside the area there 
should be a lower risk of exposure to continuous noise. In all 
areas, there may still be a high risk of exposure to 
intermittent loud noise. Using suitable ear protection 
reduces the risk of exposure. soundproof booths (e.g., shot 
blasting, fettling and plasma spraying). This effectively 
reduces exposure to noise for the majority of workers, but 
those involved in the operations must wear suitable ear 
protection. 
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8.2 OSHA Standard in welding 

        OSHA has standards that cover many aspects of welding 
work, including welding safety, welding in confined spaces, 
handling of compressed gases, fire and electrical safety, 
ventilation, protective equipment, and worker training. 
Insist on safe working conditions before welding. Specific 
requirements for assuring the safety of welding, cutting, and 
brazing operations are covered under OSHA Standard 29 
CFR 1910.252. Below are some selected requirements of the 
standard 

 Compressed gas cylinders must be kept away from 
radiators and other heat sources and stored upright in a 
well ventilated, dry location at least 20 feet from highly 
combustible materials such as oil. Cylinders should be 
kept away from elevators, stairs, or other spaces where 
they can be knocked over or damaged. 

 Piping systems must be tested and proved gastight at 1 
1/2 times the maximum operating pressure, and shall be 
thoroughly purged with air, before being placed in 
service. Service piping systems must be protected by 
pressure relief devices.  

 Hoses showing leaks, burns, worn places, or other 
defects must be repaired or replaced. 

 Cutters and welders must be suitably trained in the safe 
operation of their equipment and the safe use of the 
process. 

 The welder should be enclosed in an individual booth, or 
by non-combustible screens, that are painted with a 
finish of low reflectivity such as zinc oxide or lamp black 
(to absorb ultraviolet radiation). Other people next to 
the welding area must be protected by non-combustible 
or flame proof screens or be required to wear 

appropriate goggles. The booths or screens should 
permit circulation of air at the floor level. 

 All movable fire hazards in the vicinity of welding 
operations must be taken to a safe place. If all the fire 
hazards cannot be moved, guards must be used to 
contain the heat, sparks, and slag. 

 Suitable fire extinguishing equipment must be 
maintained ready for instant use. 

 Firewatchers are required whenever welding or cutting 
is performed in a location where other than a minor fire 
might develop. A fire watch must be maintained for at 
least 1/2 hour after completion of welding or cutting 
operations to detect and extinguish possible smoldering 
fires. 

 No welding, cutting, or other hot work shall be 
performed on used drums, barrels, tanks, or other 
containers until they have been thoroughly cleaned (a 
purge with an inert gas is also recommended).  

 Eye protection must be used during all arc welding or 
arc cutting operations, gas welding, oxygen cutting, 
resistance welding, or brazing operations (the proper 
shade number should be selected). 

 When a welder must enter a confined space through a 
manhole or other small opening, an attendant with a 
pre-planned rescue procedure must be stationed 
outside to observe the welder at all times and to put the 
rescue operation into effect, if necessary.  

 Special ventilation and/or respirators are required in 
confined spaces, for cleaning compounds, when fluorine 
compounds, zinc, lead, beryllium, cadmium, and 
mercury are encountered, and when cutting stainless 
steel.  

 Warning labels are required for all filler metals and 
fluxes containing fluorine compounds (fluorides). 

Responses to questions on work organization and scheduling 
 

Questions YES NO 

1. Have you worked in 
any other department 
from welding? 

Number of workers % Number of workers % 

153 72.86 57 27.14 

 2. Is the work 
monotonous? 

 
7 

3.33 
 

 
203 

96.67 
  

3. Do you think you 
need an additional 
training to do your 
work better? 

0 

 

 
0 
 
 

 
210 

 
 

 
100 

 
 

 

 

4. How long have you 
been welding? 

0-5 Years 6-10 years 11-15 years 16 years above  
workers % workers % workers % workers % 

 
27 12.86 63 30 105 50 15 7.14  

5. How many hours per 
day do you work? 

Less than 8 hrs Always 8 hrs More than 8 hrs 
  

 
workers % workers % workers % 

  
 

16 7.62 152 72.38 42 20 
  

 
6. How do you see your 
job? 

Too hard Quite okay Too simple 
  

 
workers % workers % workers % 

  
 

3 1.43 17 6.67 190 90.48 
  

 
7. Are you required to 
maintain the same 
posture either sitting or 
standing all the time? 

YES NO 
 

Workers % Workers % 
 

194 
92.38 16 7.62  

8. Do you work with  173  82.38 37   17.62  
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arms above shoulder 
and/or away from the 
body frequently? 

 9. Is the arm movement 
repeated frequently 
during work? 

 187  89.05  23 10.95  

 

 10. Is the task 
performed with similar 
repeated pattern?  210  100 0  0  

 

 11. What is the position 
of wrist/hand when 
performing the task? 

Straight Bent/Deviated  
workers % workers %  

  
143 

 
68.10 

67 
 

 
31.90  

12. How often do you 
perform job that 
requires you to squat 
for more than two 
hours? 

very often often Rarely 
  

 
workers % workers % workers % 

  
 

35 16.67 147 70 28 13.33 
  

 

13. How often do you 
bend/twist your back 
while working? 

33 169 14 

  
 

  

 

14. While performing 
the task is the 
head/neck bent or 
twisted excessively? 

NO Yes occasionally Yes continuously 
  

 
workers % workers % workers % 

  
 

193 91.90 13 6.19 4 1.90 
  

 
15. Have you at any 
time had numbers 
tingling or dullness in 
the finger palm or feet? 

YES NO 
    

 
workers % workers % 

    
 

203 96.67 7 3.33 
    

 

16. Have you at any 
time had pain in any 
part of your body? 

210 0 
     

     

17. Does the pain 
normally cause 
stoppage of your work 
during working hours? 

194 16 

     

     

 18. How long does it 
continue when it 
occurs?  

Every day 
Several times a 

week 
Several times a 

month 
Several times a 

year  

workers % workers % workers % workers % 
 

 57  25.71  113 53.81   32 15.24  8  3.81  
 

19. When does it occur 
during the day? 

During work After work In the evening At night 
 

workers % workers % workers % workers % 
 

 136  64.76 37  17.62   13 6.19   24 11.43  
 

20. Which part of the 
body is/are affected? 

Neck Low back Hand Leg 
 

workers % workers % workers % workers % 
 

4 1.90 31 14.76 23 10.95 13 6.19  

Finger Shoulder 
     

workers % workers % 
     

 103  49.05  36 17.14  
     

21. What type of 
treatment do your 
normally get? 

Visit to clinic Rest/Sleep Self-medication Others 
 

workers % workers % workers % workers % 
 

203   96.67  0 0   0 0   7  3.33 
 

22. What do you think 
causes the pain. 

work layout Work posture Types of join/tasks place of work 
 

workers % workers % workers % workers % 
 

4 1.90 87 41.43 23 10.95 0 0 
 

Material handling  Work load Others 
   

workers % workers % workers % 
   

http://www.jetir.org/


© 2022 JETIR June 2022, Volume 9, Issue 6                                                                www.jetir.org (ISSN-2349-5162) 

JETIR2206625 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org g192 
 

 

 

 

 

 

 

 

 

 

 

                                                                        ANOVA TABLE 

       
Age group No. of accidents 

 

    29 3 
 

    30 4 
 

    31 3 
 

    32 2 
 

    33 3 
 

    34 7 
 

    35 4 
 

    36 8 
 

    37 6 
 

    38 5 
 

    39 3 
 

    40 1 
 

    41 4 
 

    42 2 
 

    43 2 
 

    

       Anova: Single Factor 

     

       SUMMARY 

      Groups Count Sum Average Variance 

  Column 1 15 540 36 20 

  Column 2 15 57 3.8 3.8857143 

  

        

 

 

 

 

 

      

 34  16.19 27   12.86  35 16.67  
   

Worker’s detail Number of 

workers 
% 

Gender 
Male 210 100 

Female 0 0 

Age (years) 

 29-32 42 20 

 33-36  94 44.77 

 37-40 67 31.90 

41-44 7 3.33 

Marital status Number of workers % 

Married  

 

203 96.67 

Single 

 

7 3.33 
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ANOVA 

      
Source of Variation SS df MS F P-value F crit 

Between Groups 7776.3 1 7776.3 651.1256 6.251E-21 4.19597182 

Within Groups 334.4 28 11.942857 
   

Total 8110.7 29 
    

 

The above calculation is significant 

 

 

Experience  No. of accidents 
     

2 8 
     

4 6 
     

6 7 
     

8 4 
     

10 5 
     

12 8 
     

14 5 
     

16 4 
     

18 6 
     

20 3 
     

       

Anova: Single Factor 
      

       

SUMMARY 
      

Groups Count Sum Average Variance 
  

2 9 108 12 30 
  

8 9 48 5.33333 2.5 
  

       

       

ANOVA 
      

Source of Variation SS df MS F P-value F crit 

Between Groups 200 1 200 12.30769 0.00291 4.494 

Within Groups 260 16 16.25 
   

Total 460 17   
   

The above calculation is significant  

8.3 Risk Management 

      Risk Management Employers have a responsibility to 
safeguard the health and safety of their employees and 
other people. The most effective way to ensure that health 
and safety at work is maintained at a high level is by using 
risk management. Risk management and control in welding 
is a process whereby risks to health are reduced to an 
acceptable level and one that is as low as is practical. The 
risk management process is usually carried out in several 
well-defined stages. 

 Hazard awareness: recognition and 
identification of the potential sources of injury or 
damage to health in the welding environment.  

 Risk assessment: estimation of the likelihood 
that the hazard will cause harm. Control: 
implementation of measures to eliminate or 
reduce risk. 

 Evaluation: appraisal of the effectiveness of the 
control measures in eliminating or reducing risk. 
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 Review: critical re-examination of the process, to 
ensure it is working effectively to identify hazards 
 

8.4 Control of Hazards 

       Hazards have been identified and risk has been 
assessed; now control measures to minimize risk are 
required. Risk control involves consideration of hazard and 
risk, and deciding what actions need to be taken to prevent 
or reduce injury or damage to health. Possible control 
measures are normally considered in order of their proven 
effectiveness. The following measures are listed in the 
usual order of preference: 

 Design – By designing-in certain features or 
designing-out certain features, hazards may be 
eliminated. For instance, fabrications may be designed 
to include many pre-cast components or extruded 
shapes to eliminate a considerable amount of welding. 

 Substitution – Replacing a hazardous process or 
material with one that is less hazardous will reduce 
the hazard, and hence the risk. For instance, using 
submerged arc welding instead of flux-cored wire 
welding will reduce the risk of exposure to radiation 
and fume. In welding, such types of substitution are 
not always practical or technically suitable. 

 Separation – Removing the welder from the hazard or 
isolating or screening the hazard from the welder 
effectively reduces the risk of exposure to the hazard. 
In welding, ancillary processes like plasma cutting, 
gouging, grinding, fettling and guillotining can be 
carried out in specified areas away from general 
fabrication, to reduce risk of exposure to loud noise at 
the welding station.  

 Removal – Use of engineering control measures to 
remove the hazard at the source. Welding fume 
extraction equipment can be used to take fumes away 
from welders and so reduce the risk of exposure to 
particulate and/or gaseous fume. 

 Protection – If engineering controls are impractical, 
then the welder must be protected from the hazard. If 
the welder has to stand on metallic surfaces that form 
part of the electric circuit and so may become live, 
then the use of rubber-soled boots will reduce the risk 
of electrocution.  

 Limitation – If engineering controls plus personal 
protection cannot reduce the risk sufficiently, then the 
exposure time must be regulated. If a welding 
operation takes place in a very hot environment, then 
allowing the welder to weld for a set time, followed by 
a suitable rest and cooling-off period, will reduce the 
risk of heat exhaustion. Whatever the hazard may be, 
risk control by engineering methods is preferred to 
control by provision of personal protection, since the 
former generally gives more effective and longer 
lasting remedies. Personal protection may be 
acceptable if it is used in conjunction with other 
methods to give additional control or when 
engineering methods are not practical. It may also be 
used in emergency situations to provide immediate 
protection to those who are at risk. 

 
9 ERGONOMICS  
 When the principles of ergonomics are applied in 
the context of workplace safety, the concept of ergonomic 
safety is born. Ergonomics safety ensures that the 

products, methods, and environment that worker uses are 
appropriate to fit the worker’s job requirements and 
personal capabilities. The implementation of ergonomics 
safety as part of the workplace safety program helps 
ensure that employees’ capabilities and physical 
limitations are matched with the right tools and working 
spaces to ensure comfortable and safe working conditions 
for them. The benefits of an ergonomics safety 
program can not only make an impact on the lives of 
employees, but it can also make a difference in the overall 

efficiency of the entire organization.  
 
9.1 Spot and correct Ergonomic Hazards 
 
 Here are some general ergonomic safety tips to 
help prevent the most prevalent ergonomic hazards:  
 
Workstation improvements 

 Provide adjustable equipment that can be used by 
workers to allow neutral postures. 

 Redesign workstations to eliminate awkward 
postures. 

 Maintain good body posture. 

1) When transporting and handling 

 Be knowledgeable about body limitations. 

 Provide carts for transporting materials to 
eliminate lifting. 

 Require all loads to be labelled with their weight. 

 When lifting, keep your back straight and lift with 
your legs. 

 Assign two or more staff to lift heavy objects 
depending on weight. 

 Lift slowly and carefully. 

 Don’t twist or turn your spine while carrying the 
load. 

 Use shoulder pads to cushion loads carried on the 
shoulder. 

 Use knee pads for kneeling tasks. 

 Store materials at waist height to minimize 
reaching. 

 Design containers with handles for easy gripping. 

2) Staff scheduling and training 

 Rotate workers among different tasks to avoid 
repetitive motions. 

 Improve the work schedule to minimize excessive 
overtime that causes fatigue. 

 Increase staff to reduce individual workloads. 

 Provide sufficient employee breaks. 

 Adequate recovery time can reduce fatigue. 

 Provide workers with training on ergonomics 
policies and procedures. 

3) General housekeeping 

 Follow good housekeeping practices. 

 Keep floors free of obstruction. 

 Use tools in good condition that fits the hand. 
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 Properly maintain power tools to reduce exposure 
to vibration. 

 Use gloves to protect against vibration and rough 
surfaces. 

 Always practice proper machine handling. 

 
9.2 Improving of Ergonomics 
 
1. Joints must be in a neutral position 
 In the neutral position the muscles and ligaments, 
which span the joints, are stretched to the least possible 
extent 
2. Keep work close to the body 
 If the work is too far from the body, the arms will 
be outstretched and the trunk bent over forwards 
3. Avoid bending forward 
 The further the trunk of the upper body is bent 
forward, the harder it is for the muscles and ligaments of 
the back to maintain the upper body in balance. 
4. A twisted trunk strains the back 
 Twisted postures of the trunk cause undesirable 
stress to the spine. 
5. Alternate posture as well as movements 
 No posture or movement should be maintained for 
a long period of time. Prolonged postures and repetitive 
movements are tiring 
6. Avoid excessive reaches 
 It is necessary to limit the extent of forward and 
sideways reaches to avoid having to bend over or twist the 
trunk 
7. Avoid carrying out tasks above shoulder level 
 The hands and elbows should be well below 
shoulder level when carrying out a task 
8. Limit the weight of a load that is lifted 
 Be guided on weight limits 
9. Avoid carrying loads with one hand 
 When only one hand is used to carry a load, the 
body is subject to mechanical 
10. Use mechanical aids 
 Many lifting accessories are available to help lift 
and move loads 
 Musculoskeletal disorders (MSDs) including carpal 
tunnel syndrome, tendinitis, muscle strains, and low back 
injuries are the most common ergonomic injuries in the 
workplace. Performing ergonomic risk assessments will 
help identify possible causes of these injuries that will help 
to plan immediate actions to mitigate ergonomic risks. 

9.3 Good Ergonomics in welding area 

i. Position yourself in a stable comfortable 
posture. 

ii. Position the welding item as flat as possible, on a 
horizontal surface, between waist and elbow 
height. 

iii. Position stool or scaffolding at a comfortable 
height to allow working in a seated position. 

iv. Avoid working in one position for long periods 
of time. 

v. Work with material slightly below elbow level 
when working in a sitting position. 

vi. Always store materials and tools within normal 
reach. 

vii. Using positioning aids to accommodate work 
posture. 

viii. Select matte finishes for welding area to avoid 
reflection of welding arc light and to obtain a 
satisfactory level of lighting. 

ix. Ensure general lighting is adequate to allow safe 
access and handling of equipment. 

x. Conduct in a designated safe location. 
xi. Always work in proper ventilation. 

9.3 ADDITIONAL PRECAUTIONS 

1. Remove any combustible or flammable materials 
away from the welding area to prevent fires.  

2. Maintain a clear egress path out of the welding 
area as well as to the nearest emergency equipment such 
as fire extinguisher, emergency eyewash and emergency 
shower.  

3. Check welding equipment and personal protective 
equipment (PPE) for defects and damage before beginning 
work. Ensure PPE is properly stored and maintained when 
not in use.  

4. Position welding curtains as needed to protect 
others in the area from splatter, flash and glare.  

5. Inform occupants in the area of your intent to start 
welding and set up any signs or safety cones as needed.  

6. Prevent lacerations by identifying sharp edges and 
burrs, wearing appropriate gloves, deburring, and proper 
storage methods.  

7. Ensure good insulation from work surfaces, the 
electrode, the electrode holder and grounding surfaces is 
obtained and maintained.  

8. Practice good lifting techniques and consider 
ergonomics when setting up the work. Position work to 
minimize awkward postures.  

9. Obtain training on the safe use, transportation and 
storage of compressed gases prior to use. 

10.  Never use adapters to connect regulators to 
cylinders and never use compressed gases or compressed 
air to blow dust off. 

CONCLUSION 
 

1. During a welding process due to welding slag and 
dust particles cause an irritation to eye, so proper 
face shield and goggles are requested to use. 

2. To provide a propre PPE to prevent injuries in leg, 
hand and head. 

3. The methodology to do a project were followed and 
the control measures were given above to reduce the 
accident. 

4. Lot of noise in welding areas, so proper wearing of 
PPE equipment to reduce the hearing of welding 
noise. 

5. The risks presented by general hazards and hazards 
during manual handling activities can be controlled 
and significantly reduced if proper safety training is 
given and acted upon, if safe working practices and 
emergency procedures are in place, and if equipment 
and tools are maintained in good condition.  

6.  The risks presented by general hazards and hazards 
during manual handling activities can be controlled 
and significantly reduced if proper safety training is 
given and acted upon, if safe working practices and 
emergency procedures are in place, and if equipment 
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and tools are maintained in good condition. of 
incidents.  

7. For the welder or operator, control measures include 
following instructions and applying lessons learned 
in training, working in a safe manner, maintaining 
concentration and awareness, and not “cutting 
corners.” All these will help to reduce the risk of 
incidents. 

8. The risks presented by general hazards and hazards 
during manual handling activities can be controlled 
and significantly reduced if proper safety training is 
given and acted upon, if safe working practices and 
emergency procedures are in place, and if equipment 
and tools are maintained in good condition.  

9. The risks presented by general hazards and hazards 
during manual handling activities can be controlled 
and significantly reduced if proper safety training is 
given and acted upon, if safe working practices and 
emergency procedures are in place, and if equipment 
and tools are maintained in good condition. of 
incidents.  

10. For the welder or operator, control measures include 
following instructions and applying lessons learned in 
training, working in a safe manner, maintaining 
concentration and awareness, and not “cutting 
corners.” All these will help to reduce the risk of 
incidents. 
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