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5.1 Introduction  

We all know that the human body has abilities and limitations that need to be 

considered in the design of work environments. For example: in cold conditions, 

blood flow to the outer extremities is restricted, which may lead to shivering that 

can impair the sense of touch and hinder precision work. In a loud, noisy 

environment, cognitive resources are split between listening for information and 

hearing non-meaningful noise, which can impair concentration and cause 

psychological stress. In dim light, it is a common occurrence that people need to 

bend closer to see what they are doing, causing poor ergonomics. In a vibrating 

environment, internal muscular loading increases because the body is reacting to 

the small forces propagating throughout its tissues, leading to fatigue. All of these 

examples illustrate that the physical work environment has a great influence on 

human well- being and system performance. 

To design the optimal conditions to perform work, we need to be aware of the 

o fort zo es  in which the human body can best perform both mentally and 

physically, without wasting resources on extra loading from the environment. For 

this reason, knowledge of measures, tools and ideal limit values are of great value 

when designing a work environment. 

 

5.2 Occupational (or Industrial) Hygiene 

Since workplace improvement is not solely the concern of ergonomists, there is 

also a well-known discipline in its own right that focuses on work environmental 

factors, and to some extent its scope overlaps greatly with that of this book. This 

discipline is known as Occupational Hygiene (or in North America, Industrial 

Hygiene). We offer a quick introduction here to orient our reader to the discipline. 

The International Occupational Hygiene Association (IOHA) defines occupational 

hygiene as the discipline of anticipating, recognizing, evaluating and controlling 

health hazards in the working environment with the objective of protecting worker 

health and well-being and safeguarding the community at large. 

Occupational/industrial hygienists concern themselves with many of the same 

aspects that ergonomists and production engineers do, but may come from a 

different educational background (quite often in engineering, chemistry, physics, 

or a biological or physical science), which places a more pronounced emphasis on 

assessing work-environmental concerns with a scientific measure-and-control 

approach. Some examples include: 

 

 Indoor air quality, air contaminants 
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 Chemical exposure hazards, e.g. lead 

 Emergency response planning and community right-to-know 

 Occupational diseases (AIDS in the workplace, tuberculosis, silicosis) 

 Biological hazards, e.g. bacteria, viruses, fungi 

 Potentially hazardous agents such as asbestos, pesticides, and radon gas 

 Ergonomic hazards, cumulative trauma disorders (repetitive stress injuries, 

carpal tunnel syndrome) 

 Radiation (electromagnetic fields, microwaves) 

 Reproductive health hazards in the workplace 

 Exposure limits to chemical and physical agents 

 Detection and control of potential occupational hazards such as noise, radiation, 

and illumination 
 Hazardous waste management 

 

5.3 Thermal climate 

Thermal climate is more than just temperature. The predominant impression of climate 

usually has to do with feeling too hot, too cold, or just right (which often corresponds to 

not noticing the climate at all. The ideal thermal climate is known as comfort climate, which 

is the often-unnoticed psychophysical state in which humans experience satisfaction with 

the climate, and thereby the best conditions for work. However, the human experience of 

temperature is affected by other factors, like air speed, humidity and our ability to 

exchange heat with the environment. Therefore, climate is a complex environmental 

factor that can be assessed by studying the following climate parameters: heat, cold, 

comfort climate, heat exchange, clothes and insulation. 

 

5.4 Thermal balance 

A healthy human body automatically regulates thermal exchange with its surroundings in 

order to deep the temperature of the blood constant. If the blood temperature changes, 

the body is rapidly put into a state of discomfort and illness, often resulting in 

compensation behaviors, or in worst cases, impairing mental or physical performance. 

The balance of the od ’s heat exchange with the environment can be expressed in terms 

of power (energy consumed per time unit, i.e. Joules/second = Watt). The balance in the 

following equation states that the difference (usually an increase) in power produced by 

the body and the power generated by the mechanical work must be balanced by a number 

of heat/energy losses of different kinds: 

M – W = R + C + K + E + Hres 

 

(5.1) 

M = power produced in the body W 
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= mechanical power 

R = power loss by heat radiation C = 

power loss by convection 

K = power loss by conduction 

E = power loss by evaporation from body surface 

Hres = (as in respiration) power loss by evaporation from airways 

 

 

 

Figure 5.1.: The different components of thermal power loss. Due to the thermal 

inertia of most clothing materials, conduction is presumably negligible regarding the 

contact of the clothing to the skin. 

 

 

In different external temperatures, the components of heat exchange are 

proportioned differently. For example, in hot environments, it is likely that much 

heat transfer will be due to evaporation (sweating) and respiratory evaporation, 

while in a cold climate, the dominant components will instead be radiation and 

convection (air circulation, absorbed by clothing). The body compensates for 

extreme climates by regulating its own production of heat; for example, this is why 

we shiver in cold temperatures, activating heat in our muscles. Table 5.1 shows the 

power outputs for a sta dard perso  measuring 175 cm (corresponding to a 

surface area of 1.84 m²) and weighing 70 kg: 

 

Table 5.1: Metabolic rate (power output over surface area) for different activities 

(adapted from Bohgard, 2009 p.197) for a person measuring 175 cm 

(corresponding to a surface area of 1.84 m²) and weighing 70 kg. 

Respirat
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Activity Metabolic rate (W/m²) 

(based on ISO 8996 and ISO/TS 

16976-1) 

Rest 65 

Light work 100 

Moderately heavy 

work 

165 

Heavy work 230 

Maximum 600 

 

5.5 Thermal exposure risks 

One thing worth mentioning is that a hot or cold environment also changes the 

temperature of materials, which can add to the physical and mental stress of 

performing assembly work since the hands are extra sensitive to heat and cold. This 

is especially true for metals, both in the form of tools and product material. In very 

warm environments, exposure of the skin to a hot surface for certain duration of time 

may result in a burn, which is a painful, irreversible tissue injury. Depending on the 

temperature of the material that the skin is exposed to, we can tolerate different 

time durations of exposure up to the threshold of pain or the threshold of injury. The 

reason for the dela  of the burn is due to thermal inertia, a property that describes 

the speed of the heat transfer between the material and the skin, and is dependent 

on the kind of material, the size of the contact point, surface characteristics, 

conductivity and other factors. For example, the thermal inertia of a piece of metal 

allows a much more rapid heat transfer to the skin, compared to a similar-sized piece 

of wood at the same temperature. This phenomenon happens on both extremes of 

the scale; in very cold temperatures, exposure to very cold materials or air for certain 

duration of time can lead to irreversible tissue damages in the form of frostbite. 
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5.6 Heat 

The sensation of heat is experienced when the body senses its surroundings (air, water or 

material objects, usually via the skin) as being warmer than the body itself. Table 5.2 shows how 

heat at dif- ferent levels can have the following effects: 

 

Table 5.2: Effects of heat at different intensities. 

 

Warm, within comfort 

zone 

• Increased peripheral blood flow, widened blood vessels 

• Skin temperature rises 

• Drop in muscle tension 

Moderate heat, just 

slightly beyond 

comfort zone 

• Sweating 

• Loss of fluids and salt 

• Tiredness 

• Increased hostility 

• Decreased performance and alertness 

• Increased risk for mistakes and errors 

• Increased risk for accidents 

Extreme heat, 

discomfort 

• Painful cramps 

• Impaired function of stomach and intestines 

• Heat regulation failure 

 

5.7 Cold 

In cold environments, the human body is especially sensitive to the external climate due to 

additional factors that may alter the sensation of temperature. Wind chill temperature (twc) 

captures this by taking consideration of the nominal temperature and the effects of wind 

velocity. Many times, air velocity can increase the local skin sensation of the air temperature 

being colder than its nominal measurement, which can lead to increased risk for severe cold-

related damages (see Table 5.3) at shorter time exposures. (This also refers back to the previous 

description of burn risk as a function of exposure time to materials at different temperatures.) 

 

Table 5.3: Effects of cold at different intensities 

 

Cool, within comfort 

zone 

• Reduction of blood flow to skin, constricted blood 

vessels 

• Decrease in performance due to thick clothing 

Moderate cold, just 

slightly beyond 

comfort zone 

• Discomfort 

• Shivering 

• Decreased fine motor function 

• Decrease in sense of touch 
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Extreme cold, 

discomfort 

• Disorientation 

• Apathy 

• Weaker breathing 

• Frostbite: oxygen shortage to a part of the body 

resulting in tissue damage 
 

5.8 Sound and Noise 

Sound that can be detected by the human ear is essentially a series of vibrations transmitted 
through a medium, with frequencies in the approximate range of 20 to 20,000 hertz. Two 
properties of sound are essential to analyzing and designing signals and sound environments; on 
one hand, loudness, measured in decibels (dB) is the pressure with which the eardrums are 
physically impacted. The unprotected human ear has physical limitations regarding how much 
sound pressure it can withstand without sustaining injury, and therefore, loudness is regulated 
in a healthy work environment. The other property is sound frequency, measured in Hertz (Hz), 
also known as pitch or tone. Most human ears are differently sensitized to different frequencies; 
this means that for some pitches, we may require a louder signal to even perceive that a sound 
is present. For regular human speech, most sounds fall into the frequency range of 250–6000 Hz, 
where vowels like, a, e and o tend to be low-frequency, and certain consonants are high-
frequency. When it comes to aural inputs (what we register through our auditory sensors in the 
ears), we differentiate sound from noise, where sound is desirable, tolerable signals carrying 
meaning, whereas noise is unwanted aural input that distracts and causes division of mental 
resources or discomfort. Noise is subjective and a matter of perception; what one person may 
consider to be music, another may perceive as noise. There is also the aspect of ambient sound 
or background sound (such as bird- song, humming machines, murmuring, rolling waves) that our 
brain is able to filter out or differentiate from meaningful signals. Ambient sound may be 
borderline to distracting noise, depending on the knowledge and preferences of the individual. 
In a new environment, initially distracting noise may change over time to ambient sound as we 
learn to distinguish constantly on-going noises from signals (for example, some people are more 
skilled than others at filtering out the sound of other people talking in the background, which is 
often an issue in office landscapes). Sound signals can be designed to be easily detected (by being 
different from the ambient sound context), identified and localized. Thanks to binaural (stereo) 
hearing, we are often able to locate which direction a sound is coming from, since our brain 
automatically interprets the difference in sound intensity between the two ears. Sound pressure 
levels are a logarithmic measure, measured in decibels (dB). Sound signals are commonly used in 
production environments to alert workers of dangers, e.g. in the form of alarms or sirens. 

 

5.9 Effects of noise 

Noise can either be external, coming from outside the building from traffic and other buildings, 

or internal caused by machines, fans, engines, telephones and people talking. In industrial 

contexts internal noise can vary considerably depending on the sequence of work tasks. The 

intermittent clanging of metal, hammering, or hissing spray of paint is commonplace in a 

production environment. Noise is considered a health hazard as it can trigger hearing loss, cause 

distraction, mask information, prompt miscommunication and in some cases stress. Prolonged 

exposure to intense sound can lead to noise induced hearing loss (NIHL) over time. For some 

people, this could occur within a matter of months, while for others the true impact may only 

be realized years after. Typically loss of hearing is progressive and can also come about through 

the natural aging process. However, one-off very loud noises can also prompt sudden hearing 

loss by damaging cells within the ear, known as acoustic trauma. A common issue associated 

Downloaded from  be.rgpvnotes.in

Page no: 6 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


Chameli Devi Group of Institutions, Indore (M.P) 

Department of Mechanical Engineering 

with noise is the masking of important information, such as alarms and instructions. 

Communicating with co-workers can become very difficult in noisy environments, especially 

when trying to communicate new or complicated technical information. This can be frustrating 

for workers, and at worst miscommunicated information could prompt severe accidents. Noise 

can also be very distracting, as you have probably encountered while trying to work in the library 

and people talking loudly on the other side of the room inhibit you from focusing on your work. 

Exposure to noise can also have a physiological impact on workers prompting increased stress 

levels. In addition to the decibel level, the distance of the ear from the sound source and the 

length of time it is exposed to the sound source are equally important. 

 

5.10 Radiation 

As mentioned, this book only briefly describes the effects of radiation. Radiation is a mostly 

invisible environmental factor that has the potential to cause serious long-term ill health effects, 

and it is important to know something about the range of consequences that may result from 

radiation exposure. Sources of radiation include equipment, radioactive substances, particles in 

the air, food, sunlight, lamps, radios and electrically charged materials. Generally, the way to limit 

radiation expo- sure is by placing a shield between the source of radiation and the human. The 

human body absorbs radiation but has the potential to recover from very low doses, as long as 

sufficient recovery time is allowed between exposures. However, excessive short-term exposure 

may result in immediate fatal effects. In occupational/industrial hygiene, the remedies to protect 

workers against radiation are regulation of time, distance and shielding 

 

5.11 INDUSTRIAL SAFETY 

Industrial  safety is  primarily  a management activity  which is concerned with reducing, 

controlling and eliminating hazards from the industries or industrial units. 

The danger of life of human being is increasing with advancement of scientificdevelopment in 

different fields. The importance of industrial safety was realized because every millions of 

industrial accidents occur which result in either death or in temporary disablement or permanent 

disablement of employees and involve large amount of losses resulting from danger to property, 

wasted man hours and 

wasted hours.More ever, from managerial perspective the importance of industrial safety in an

yorganization may be concluded by following facilitation: 

a) Treatment: industrial safety management provides treatment for injuries and illness at the 

work place. 

b) Medical Examination: it carries out medical examination of staff joining the organization or 

returning to work after sickness or accident. 

c) Hazards identification 

d) Provision of protective devices. 
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e) Consultancy: it provides medical advised on other condition potentially affecting health e.g. 

works canteen etc. 

f) Education: it provides safety and health training. 

 

5.12 SAFETY INSPECTION PROCEDURES 

Across the industry and commerce there are a multiplicity of safety inspection procedures, each 

developed to identify the and hazard within a particular business. However they do fall into a number of 

broad categories. Following are various procedures for the safety. 

a) Safety audit 
A safety audit subjects ea h area of a o pa ’s a ti it  to a s ste ati  riti al e a i atio  ith the 
object of minimizing loss. Every component of the total system is included. For example management 

policy, attitudes training, features of the process and of the design, layout and construction of the plant, 

operating procedures, emergency plans, personal protection standards, accident record etc. 

b) Safety survey 
A safety survey is a detailed examination in depth of a narrower field of activity. For example major key 

areas revealed by safety audits, individual plans and procedures, or specific problems common to a works 

as a whole. These surveys are followed by formal report, action plan and subsequent monitoring. 

c) Safety inspection 
A routine scheduled inspection of a unit or department, which may be carried out by someone (may be a 

safety representative) from within the unit, possibly accompanied by the safety advisor. The inspection 

would check maintenance standards, employee involvement, working practices, fire precaution, use of 

guards and adherence to safe working procedures etc., and be more immediate than the wide-reaching 

or in-depth approach taken by audits and surveys. 

d) Safety tours 
A safety inspection around a predetermined route or area of the work placecarried our by any one-

of a range of personnel from works directors to safety representatives to ensure that for example 

standards of housekeeping are at an acceptable level, or that obvious hazards are removed or to ensure 

that generally safety standards are observed. Typically tours last only fifteen minutes and are conducted 

at weekly intervals. 

e) Safety sampling 
A particular application of a safety inspection or tour designed to check on one specific pre-selected safety 

aspect only, within the workplace or an agreed part of it. This focuses attention on the particular safety 

matter and highlights the observation of possible hazards. The safety sample chosen can be concerned 

with plant, equipment, guarding, and methods of operation, lack of adherence to safe systems of work, 

nonuse of permit to work system, forklift truck driving and training or any other. Safety samples should 

be carried out regularly but with a random selection of the subject each time. 

f) Hazard and operability study 
The application of a formal critical examination to the process andengineering intentions of now facilities 

to assess the hazard potential from mal operation or multifunction of individual items of equipment and 
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the consequential effects on the facility as a whole. Remedial action can then be planned at a very early 

stage of the project with maximum effectiveness and at minimum cost. The techniques can also be applied 

to existing plants and processes. Whilst unsuspected hazards may be revealed by any of the above 

techniques, the use of formal checklist in project engineering design helps to ensure that the plant 

complies with statutory requirement, and that account is taken of the best current safety techniques 

and practices. Hearth and safety requirement should also be incorporated at the design stage rather than 

taken on as an afterthought once the plant or process is in full operation. 

5.13 Functions of Safety 

The safety functions are:  

a) Industrial safety Compensation  
b) Property conservation  
c) Safety in material handling  
d) Industrial hygiene  
e) Environmental control 
 

5.14 ACCIDENT ANALYSIS 

Accident Analysis Accident analysis starts by determining the existing socio-technical safety control 

structure for the system involved. The accident process is described at each appropriate level of this 

control structure in terms of the safety constraints that were violated and why. Thus there will be multiple 

views of the accident, depending on the perspective and level from which it is being viewed. The first step 

is to identify the hazard involved in the loss. Next, the hierarchical safety control structure related to the 

hazard is constructed and the constraints necessary to control the hazard are identified for each level. 

Then, starting from the technical process and using the proximate events and general application 

knowledge, any failures and dysfunctional interactions (including communication problems) involved in 

the loss are identified. For each constraint, a determination is made about why it was violated: either the 

constraint was never identified and enforced or the enforcement was inadequate. In general, the 

description of the role of each component in the control structure will include the following:  

1. Safety Requirements and Constraints  
2. Controls  

3. Context: (a) Roles and Responsibilities (b) Environmental and Behavior Shaping Factors  

4. Flaws in the Controlled Process  

5. Dysfunctional Interactions, Failures, and Flawed Decisions, and Erroneous Control Actions  

6. Reasons for Flawed Control Actions and Dysfunctional Interactions (a) Control Algorithm Flaws (b) 

Incorrect Process, Interface, or Mental Models (c) Inadequate Coordination among Multiple Controllers 

(d) Reference Channel Flaws (e) Feedback Flaws 

 

5.15 FIRE SAFETY GUIDELINES 

 Post clear fire escape plans on every level. 

 Educate all employees on emergency procedures, exit locations, escape routes, fire alarms and drills, 

and the use of fire extinguishers. 

 Conduct regular drills. 
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 Install and properly maintain all fire safety equipment. 

 Provide for disabled employees. 

 

5.16 WORKING WITH ELECTRICITY 

 Engineers and technicians designing, installing, commissioning, maintaining, operating and 

decommissioning electrical plant need to be competent for the energy levels involved. 

 This is to enable individuals and their organizations to have a sufficient level of knowledge and 

understanding to manage the risks associated with and electrical system. 

 Consideration must be given to the safety of all people who might have authorized, or unauthorized, 

access to the electrical plant or system. 

 Relevant training and experience must be provided for those required to work with the electrical plant. 

 Some workers involved in non-electrical trades may be exposed to electrical risks and should be aware 

of those risks and the appropriate measure to take to ensure safe operation and maintenance. 

 Workers must be familiar with the risks arising from the tasks they undertake and the environments in 

which they work. 

 Workers must be given sufficient information to complete their work safely. 

 There should be an adequate instruction for the required work. 

 Adequate supervision and support must be provided. 

 Workers should know their limitations for their work 

 Workers should challenge if they are instructed to exceed their limitations. 

 Warning notices must be provided in zones of greater risk. 

 Suitable barriers and shrouds must be provided to control the electrical risks in zones of greater risks. 

 

********** 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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