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Distribution of physical factors

A. Waves   

1) Mechanical waves  

a) noise - periodic changes of pressure in air layers

b) vibrations - oscillatory motion of an elastic environment about a fixed 

point 



Distribution of physical factors

2) Electromagnetic waves 

a) non ionising radiation – lower frequency range

• radio waves (broadcasting, television)

• microwaves (generators, warming ovens) 

• radar waves (radio locators)

• infrared radiation (thermal radiation)

• visible light (red - violet)

• ultraviolet radiation (A, B, C)

b) ionising radiation (alpha, beta, gamma, X-rays) – high frequency range



Electromagnetic Spectrum

„Spectre“ od Tatouteand Phrood–neznámý. Licencovánopod CC BY-SA 3.0 via Wikimedia Commons -
http://commons.wikimedia.org/wiki/File:Spectre.svg#/media/File:Spectre.svg



Distribution of physical factors

B. Thermal Comfort

Environmental factors

1) Air temperature

2) Air humidity   

3) Speed of air flow

4) Intensity of heat radiation

Individual factors

1) Activity

2) Thermal resistance of clothes



I. Noise
„Any sound having disturbing or troubling character, or having damaging 

effects.“
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Noise

Damaging effects

 Ears rustle, direct damage to hearing, eventually acoustic trauma by levels 

over than 140 dB

 System changes or symptoms as e.g. increase of blood pressure or 

immunological changes

Biological effects

 At the same intensity, the sounds of different frequencies do not evoke 

equally strong perception of hearing; i.e. they have a different loudness. 



Noise

 An important factor of disturbance is also informative content of the sound. 

1) Conversation is more disturbing than indifferent sound (some types of music, 

humming), which serves in many cases as a masking for sound with more 

disturbing information. 

2) Music is very individual - some type of music is for someone motivational 

and for other intolerable. 



Noise

The excessive noise has two characteristic 

qualities:

1) Its effects on the hearing apparatus 

appear usually after a long period of 

time (for levels about 80 dB even after 

10 - 15 and more years), when the 

damage is usually irreversible.

2) A man is usually unable to find-out 

changes of his hearing, because here 

the objective comparison is missing. We 

don’t know what we have to hear, and 

what we don’t have.



Noise

Physical substance 

 Sound (noise) is an alternation of 

compression and decompression of 

the air layers expanding as a space 

longitudinal wave to all directions. 

 As big are the pressure changes in this 

expanding acoustic wave, compared 

with the barometric pressure, so 

intensive sound is generated, and how 

often these changes follow each other, 

such is the frequency of the sound. 

 Usually representation is a sinusoid 

curve. 



Noise

Sound is characterised by quantities: 

1) acoustic pressure indicated in Pascals p[Pa] = [N.m-2] and frequency in Hz 

[s-1]. 

2) level L [dB] is a non-dimensional quantity given by logarithmic relation of the 

measured and reference quantities L = log V/V0 [B].

3) Frequency f[Hz] is the number of cycles that the periodic signal completes 

in one second. 

Frequency range: 16 Hz  - 16 kHz, 

less than 16 Hz is called infrasound, above 16 kHz is called ultrasound. 



Noise
Examples

Sources of a noise Noise power

P[W]

Whisper 1 – 5.10-8

Standard speech 5 – 8.10-6

Loud scream 1 – 3.10-3

Piano 0.1 – 0.2 

Trumpet 0.3 – 0.4 

Cars horn 3 – 5

A symphonic orchestra – forte 50 – 70

Alarm sirens to 1000

Supersonic plane – distance 50m to 10000

Supersonic planes motor – distance 10m to 100000



Noise

Type of noise according to its character Risk of health 

damage

steady state – level changes up to 5 dB standard

variable – level changes over than 5 dB (irregular) standard

impulsive – common (from 50 up to 200 ms per impulse) standard

– short-term, sharp (up to 50 ms per impulse) increased

high frequency – with levels by frequencies over than 8 kHz increased

with tone components – the spectrum of which contains tone increased



Methods of noise measuring

1) Steady state noise

Arithmetic mean of measured levels : 

dB[A] 

Average noise level LA – we measure 

repeatedly the noise level using weight filter

A. From results we count arithmetical 

average.

Weight filter A  respects different audibility 

for different frequencies
A-curve here is as a matter of fact reverse curve 

of hearing. This way the result of measuring 

comes more closely to a real load of hearing.



Methods of noise measuring

2) High frequency noise

 When measured noise contains high frequencies, there is not suitable to use 

a weight filter “A”, because this filter will undervalue dangerous effects of 

higher frequencies.  

 In this case we have to use a special zone (octave) filter to measure of 

noise by choice frequencies to respect increased noise load according to 

the high frequency.

Example: Series of octave frequencies [Hz]:

31.5    63    125    250    500    1 000    2 000    4 000    8 000    16 000



Methods of noise measuring

3) Variable noise

Equivalent noise level – we measure repeatedly the noise level (using weight 

filter “A”) suitable for a long time, so we measure all of incident noise levels. 

From results we count so-called energy average. An energy average of noise 

level is not an arithmetical average of dB values, but average of p/p0 value, 

subsequently expressed in dB.



Methods of noise measuring
Example

Á Arithmetic average from values 40 dB and 80 dB is 60 dB, but the energetic 

average is 74 dB.

Á A mistake 14 dB is in the fact more than 4 times lower noise energy. 

40 dB = 20 log p1/p0 80 dB = 20 log p2/p0

log 1040 = log (p1/p0)
20 log 1080 = log (p2/p0)

20

p1/p0 = 102 p2/p0 = 104

avg p1,2/p0 = 5050

L1,2 = 20 log p1,2/p0 = 20 log 5050 = 74 dB



Sound Waves - Sources of Sound



Evaluation

The limit value LL for occupational environment is given in accordance with 

complicacy of work, type of noise, period of noise etc.

The limit value LL for inside protected rooms and outdoor space is given as a 

sum of the basic value LB and corrections Ki :

LL= LB + K1 + K2 + ...

These corrections increase or decrease the resulting limit value according to 

the existing situation.

Basic values of noise-LB (Czech Republic)

Inside protected rooms LB= 40 dB(A)

Outdoor space LB = 50 dB(A)



Corrections for inside protected rooms

Type of room Time Corrections

Hospital rooms 6 to 22 hours 0

Medical attendance in operation -5

Apartment houses and hotel rooms 6 to 22 hours 0

Hotel rooms
6 to 22 hours +10

22 to 6 hours 0

Lecture halls, class-rooms in operation +5



Corrections for outdoor space

Corrections of local conditions

Use of territory Corrections

Extensive medical areas -5

Extensive school and culture spaces

0Recreational spaces in towns

Inside territories of a spa

Districts inside towns 0

Mixed zones +10

Production zones, traffic zones with isolated flat 

houses

+20



Corrections for outdoor space

Time correction

Time Corrections

Day (6 to 22 hours) 0

Night (22 to 6 hours) -10



Prevention and protection

1) Technical arrangement

Á removal of the sources of noise or lower it substantially 

Á separation of the exposed worker from the source of noise (encase the 

source of noise, isolation building arrangement)

2) Organisational arrangement

Á limitation of the length of exposure to noise

Á increasing distance of noise sources (according to the square of distance 

drops energy of noise)

3) Using Personal Protection Aids

Á using of suitable personal protection aids   



Personal protection aids

Types Subdue [dB]

micro-cotton-wool safeguards 15

resonance safeguards 20

earphone safeguards 25

masks 40

helmets 50

Into the internal environment with maximum noise level above 140 dB (A) 

the entrance should be not allowed, even with use of personal 

protective aids. The risk of serious health damaging is here too big. 



Personal protection aids
Examples

Resonance safeguards

Earphone 

safeguards

Masks

Helmets



II. Vibrations
„A mechanical phenomenon whereby oscillations occur about an equilibrium 

point.“

27



Resonance - Forced Vibrations



Vibrations

Biological effects

1) Total horizontal or vertical vibrations

 Vehicles and mobile machinery

 Risk: the combination of forced operating position and exposure to 

whole-body vibration – the most vulnerable segment is the lumbar spine

2) Vibrations transmitted to the hands

 Operation of the vast majority of hand tools

 Risk: vascular disease, nerve and musculoskeletal disease of upper limb



Vibrations

Biological effects

3) Vibrations transmitted in a special way: to the head, spine, shoulder, etc.

 work with motor sprinklers, brushcutter, etc.

4) Vibrations in buildings

 of ground transport (rail, road) and industrial activities in the quarries



Vibrations

Exposure to vibration is affected by:

 Physical factors (operating frequency of machines, the time course and 

direction of vibration, daily and total exposure time etc.)

 Biodynamic factors (physique, weight, position of the body and limbs, the 

size of the contact area, the size of the exerted forces etc.)

 Individual factors (predisposition for fast emergence of the disease, 

smoking, drugs, maintenance of tools, etc.)



Vibrations

Measurement and evaluation

Quantities

 Acceleration effective value expressed in [ms-2]

 Acceleration level in decibels [dB] relative to the reference acceleration

Measurement

 Accelerometers

 Peripheral capillary return, after cooling water test



Vibrations
Measurement and evaluation



Vibrations

Prevention and protection

1) Technical solutions to reduce the vibration

 Anti-vibration grip of tools

 Special operator's seat (elastic construction)

2) A reduction in exposure time

 Alternation of workers operating machines; setting of mandatory breaks; 

determining the allowable number of shifts

3) The use of personal protective equipment

 Certified anti-vibration gloves - protection against dampness and coldness



Thank you for your attention!
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