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The purpose of the research was to study the welding production process in

view of the occupational safety and fire safety.

In the theoretical part of the study the main issue was targeted at researching
Russian regulations concerning the safety questions on production. By the use
of the reference data the study introduced the recommended way of the

production’s works organization in a welding factory in particular.

Initial data was taken right on the factory and during the conversation with the
Production Manager, the Main Construction Engineer and the Executive
Director. Data for this study research was collected from the electronic technical
libraries. By the use of the all already mentioned sources several accountancies

were made and the preliminary emergency plan was developed.

The main aim of this study was to consider the factory in view of the safety
guestions and make an attempt to give some characteristics. Then by the use of
the reference sources the information about the recommended way of the
occupational safety system handling was provided in accordance with the

Russian standards and norms.

As a result of this study a list of recommendations for safe works and the key

points of the occupational safety control were researched.

Keywords: Russian regulations; production; welding factory; accountancies;

emergency plan.
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1. INTRODUCTION

The purpose of this thesis is to research the welding production process in
Russia in view of the occupational safety questions and compare it with the
relevant way of safe management described in Standards and Norms on
example of the well-known Finnish company which has a subsidiary in Russia

for storage, assembly, sales and deliveries of their products.

First of all it is essential to investigate each step of the production process. The
initial company description is provided in the following chapter.

Further study structure reveals itself in three main divisions. The first one is
devoted to the Peikko company description and indoor and outdoor working
conditions and features depending on the machine types, production building
structure, working process, etc. Then the second division follows which is
mainly devoted to the fire problems and their solution. The last division includes
information about safety works in accordance with the different type of job and

operation process.

For this research Russian Standards and Norms and standardized software are
applied. For the fire situation estimate CFAST 6 is applied, and for the harmful
substances concentration in the working area evaluation the ECOLOG software
is used.

Each division includes the theoretical parts which describe the main idea how
each considered question must be managed in view of the regulations and
standards. Then the practical part goes with the relevant accountancies and

drawings if needed.



2. COMPANY DESCRIPTION

Peikko Group Corporation is a Finnish company specialized in concrete
connections production. It was established in Lahti in Finland and now it has
sales offices in some 30 countries in Europe, North America and Middle East.
Peikko’s modern production facilities are located in Canada, China, Finland,

Germany, Lithuania, Russia, Slovakia, the United Arab Emirates and the United

Kingdom.

Figure 1.2. Peikko Company in Russia.



2.1 PRODUCTION

The main domain of the Russian subsidiary is production of:

Steel fastening plates KL, P2KL, JPL m m m

Angle bars UKT /

Fastening elements TR

Couplers MODIX

Cantilever Balcony Connector NIRO

Leave-in-place floor joints TERRA JOINT

Diagonal ties PD

Lifting devices JENKA

Figure 2.2. Products.



2.2 EMPLOYEES

Company hierarchy:

Welding

Storage works

Work on the press

Forklift driving
Packaging

Repairing
Figure 3.2. Company hierarchy.

2.3 MACHINES AND TOOLS

The production area is divided into several zones.

The first zone is called Terra Joint area. It includes the following equipment: a
table for the row material storage; a crimping machine with the linear feed of the
row material (Univer CM-423E); a table where the product details are composed
and fixed by the pneumatic pressing elements for the following welding process
(Kepact Mig 2530); a table for the anchors drawn arc welding on the product

surface (28 anchors) and then plastic elements are put on the relevant zones of
8



the product; ready-made products are transferred by the jib crane (for the

maximum load till 125 kg) on the pallet for the packing.

The next zone is the PD area. It includes a PD-machine which produces the
diagonal ties. This machine makes the contact welding (KemecWeld KRW 101
PE) of the row materials - several wire coils. The wire from the central coil is
prolonged till the required length, and then curved by the use of the hydraulic
station. Then the semi-automatic point welding is produced, the detail is
measured, the required length is cut and then the diagonal tie is packed into the
relevant packages. After that the operator receives the ready-made product and

puts it on the storage place.

After that the welding area goes. The semi-automatic welding machine with the
cooler (ProMig Pro 4200; ProCool 30) , the welding table with the fixers, the set
of the templates for the products, the rotate welding platform, the wooden table

for the painting are located there.

In addition a hydraulic pressing machine is put apart of the all earlier mentioned
areas. It serves to produce Jenka Modix products. Moreover in the process of

the Jenka Modix production the cutting and the bending machines are used.

Besides there are two forklifts: for outside and inside works, hand tools, band-

saw with the feeding table.



2.4 DIMENSIONS OF THE PRODUCTION AREA
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Figure 4.2. Factory plan.
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The type of the works which are performed on the factory can be classified as
type Ill. This means that workers subjected to the intensity of energy
consumptions equal more than 250 kcal per hour (more than 290 W), they have
to carry and to transfer quite heavy consignment (more than 10 kg) moreover
their works imply regular move and substantial physical stress. (R 2.2.013-94,
12.07.94)

The type of the office work can be classified as type IA. This means that
workers subjected to the intensity of energy consumptions equal less than 120
kcal per hour (less than 139 W), they conduct their work in the sitting position

and are subjected to the minor physical stress.

2.5 OPTIMAL MICROCLIMATE CONDITIONS

The values which characterize the microclimate conditions are the following:
e Air temperature;
¢ Relative humidity;
e Speed of the air movement;
¢ Intensity of thermal radiation.

The optimal microclimate dimensions are established for the total working area.
The permissible microclimate dimensions are established differentiated for the
permanent and for the impermanent working places. (SanPin 2.2.4.548-96,
01.10.96)

The permissible microclimate dimensions are established in cases of
impossibility to set the optimal dimensions in view of some technological or
economic difficulties. (GOST 12.1.005-88)

In case of providing the optimal microclimate dimensions the temperature of
internal structures surfaces (such as walls, floor, ceiling) surrounding the
working area or working equipment and the temperature of the external

surfaces of the technological equipment or its surrounding structures must not
11



differ more than 2°C with the optimal microclimate dimensions stipulated in the
following table for the particular work types. If the surface temperatures of
enclosures exceed or belittle the optimal temperature dimensions, the working

places must be installed by the distance less than 1 m form this enclosures.

In accordance with GOST 12.1.005-88 the microclimate of the production

premises must be satisfied by the following dimensions:

TEMPRETURE, °C
SPEED OF AIR MOVEMENT,
PERMISSEBLE RELATIVE HUMIDITY mis
UPPER LIMIT LOWER LIMIT
WORK
SEASON
TYPE OPTIMAL | AT THE WORKING PLACES
PERMANENT IMPERMANENT PERMANENT IMPERMANENT OPTIMAL PERMISSIBLE OPTIMAL PERMISSIBLE
WORKING WORKING WORKING WORKING
PLACES PLACES PLACES PLACES
Not more
Easy-IA | 22-24 25 26 21 18 40-60 75 0,1
Cold than 0,1
Difficult- Not more
16-18 19 20 13 12 40-60 75 0,3
] than 0,5
55 (in case
Easy-IA | 23-25 28 30 22 20 40-60 0,1 0,1-0,2
of 28 °C)
Wwarm m 75 (in case
Difficult-
m 18-20 26 28 15 13 40-60 of 24 °C 0,4 0,2-0,6
and lower)

Table 1.2. Microclimate conditions.

In adjustment of the working area the temperature differential is allowed till 3°C.
The allowed temperature differences across the working area are to be less
than 4°C — for easy works, and less than 6°C — for difficult works. (GOST
12.1.005-88)

2.6 DESCRIPTION OF THE BUILDING STRUCTURE

The structure of the building consists of the columns and slabs.

12




The foundation of the outside walls consists of the brick 0.4 m in width. The
upper part of the wall includes the following: metal cassettes which serve to
support the thermal insulation material. In this case it is two layers of Rockwool
Light Batts 70 mm and 80 mm in width, two layers of the Rockwool Light Batts
100 mm in width each of the layer and two layers of the fire-resistant Gyproc.
The total wall width is equal to 350 mm.

Columns are included in the wall structure. At the level of the first floor metal
columns are surrounded by the Rockwool Conlit 50 mm in width and then goes
the layer of the one half brick. At the level of the third floor the structure is
different. It consists of the 50 mm Rockwool Conlit, then the 100 mm Rockwool
Light Batts is possessed and then there are two layers of the fire-resistant
Gyproc Glasroc F.

/

350

100

70

80

400

Figure 5.2. External wall section
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100
120

50
50

The Structure of the column on the 3" The Structure of the column on the

floor 1% floor

Figure 6.2. Envelope structures.

The total width of the heat insulation material inside the external wall structure is
350 mm.

All bearing elements are made of steel.

Outside the wall surface the water and wind metal barrier is installed.
Internal walls are made of brick or gazconcrete.

Firefighting system is not organized yet but will be installed in future.

The system of fire water is established.

14
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2.7 BUILDING MATERIAL CHARACTERISTICS

# Rockwool Conlit:

Combustibility NG

Fire prevention class MO

Density 165 kg/m?®

Thermal conductivity A1o = 0,036 W/(m-K)

A2s = 0,038 W/(m-K)
A125 = 0,049 W/(Mm-K)
Az00 = 0,075 W/(Mm-K)
Dimensions of the plate length — 2000 mm
width — 1200 mm
thickness — 50 mm

Table 2.2. Rockwool Conlit characteristics.

Together with the metal elements of the building structure, such as a metal
column, it can be possible to achieve fire resistance 240ElI.

In accordance with SNiP 21-01-97 Fire Safety of Buildings and Works for
inflammable building materials there is no need to provide any other fire danger
rating.

1. Metal element (beam or column);

2. Conlit SL 150;

3. Fire resistant layer Conlit SL 150;

4. Conlit Glue.

Figure 8.2. Structural joint.

16



* Gyproc plates:

Their main purpose is to serve as the internal finishing material.

Combustibility Gl

Fire prevention class KM1
Surface density 11,7
Thickness of the plate 12,5 mm
Flammability Bl
characteristics.

Table 3.2. Gyproc plate characteristics.

* Glasroc F:
The fire resistant plate consists of gypsum core, which is reinforced by the
glassfibre and enhanced by the nonwoven glass canvas through the total

volume from both sides.

The front and back surfaces of the nonwoven glass canvas are protected by the
thin gypsum plaster layer (1-1.5 mm). The face Glasroc F has a strong smooth
white surface that does not require finishing.

Building structures including Glasroc F provide fire resistance equal to 240ElI.

The finishing of the metal elements by the
Glasroc F is provided by the erection plates using

a self-tapping screw or staples.

Combustibility NG
Fire prevention class KMO
Thickness of the plate 50 mm

Figure 9.2. Column structure

Table 4.2. Glasroc F characteristics.

17



¢ Rockwool Light Batts:

Combustibility NG

Fire prevention class MO

Thickness of the plate 100 mm

Thermal conductivity A10 = 0,036 W/(m-K)

A25 = 0,037 W/(m-K)

AA = 0,039 W/(m-K)
AB = 0,041 W/(m-K)

Table 5.2. Rockwool Light Batts characteristics.

Peikko’s occupancies category of the fire and explosion risk can be determined

as G in view of materials applied in the building structure.

2.8 CALCULATION OF THE HARMFUL SUBSTANCES RELEASED
DURING THE WELDING PROCESS

During the welding process different substances release, the main part of which
compose solid particulars and gases. Especially the most substantial air
pollution is caused by the welding with the use of electrodes with the high
quality coatings. The content of the dust and gases is determined by the
electrode coating composition and the content of the welded material and the
electrode metal. Welding dust is a mixture of small particulars of the metal
oxides and the minerals. The main components of the welding dust are iron
oxides (till 70%), manganese oxides, silicon oxides, chromium oxides, fluoride
and other compounds. The most harmful substances which compose the
electrode coating and the electrode metal are chromium, manganese and
fluoride. The air of the welder working zone is polluted by the different gases
such as: nitrogen oxide, carbon, hydrogen fluoride, etc. (GOST 12.1.005-88)

During the gas metal cutting the welding aerosol, manganese oxides, chromium

oxides, nitrogen and carbon release.

18



The removal of the harmful gases and dust from the area of the cutting and
welding and the clean air's supply is performed by the local and general
ventilation system. The volume of the supplied fresh air must not be less than
30 m*/h. Inside the closed spaces welding is forbidden without the ventilation
system. Therefore if the electrode’s consumption during one hour is less than
0.2 kg per 1m? of the premise volume and the welding dust concentration is less
than the maximum limited value, the natural ventilation is allowed. The values of
the maximum permissible concentration (MPC) of the harmful substances are
introduced in the following table.

If the welding and the gas cutting are performed in the same factory, all
consumptions are to be summarized in both processes in case of the total
emission of any admixtures determination.

The estimation of the harmful substances which release during the welding
process is determined in accordance with the electrode mass flow rate
calculation.

The maximum permissible concentration of the harmful substances which

release in the air during the welding or metal cutting:
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Substance MPC in the working area
air, mg/m®

Solid component of the welding aerosol

Manganese (in case of its content in the welding aerosol | 0,2
not more than 20%)

Iron oxide 6,0
Silicon dioxide 1,0
Chromium oxide (l11) 1,0
Chromium oxide (VI) 0,01
Zinc oxide 6,0
Gas component of the welding aerosol
Nitrogen oxide 2,0
Manganese oxide 0,3
Ozone 0,1
Carbon monoxide 20,0
Hydrogen fluoride 0,5/1,0

Table 6.2. GOST 12.1.005-88 SSBT. General hygiene requirements to the working
zone air.

The total amount of the harmful substances released during the arch welding

per 1kg of spent electrode can be calculated:

Gi :10_3gi . B’ (12)

where

gi — is the emission per 1 m*® i component per 1 kg of the spent electrodes,

B — is the mass of the spent electrodes during the particular period of time (one
hour, one year, etc.)

The maximum one-time emission of the released harmful admixtures of the i

component during the welding can be determined using the following equation:

_9;-B
' 36007, (2.2)

where

B —is the maximum quantity of the electrodes, which were spent during the one
working time, Kkg;

T - is the time of the welding process holding, h.

The calculation of the harmful substances which release during the metal

cutting process is determined on the base of the working time calculation. The
20




total amount of the harmful admixtures of the i component during the cutting
process is determined using the following equation:

= 73. .
G,=10"-g, T (3.2)

where

Oip — is the emission of the i™ component per 1 m*® during the metal cutting
process for one hour work, the values of this emission are introduced in the
table

Tp — is the time of the cutting process, h.

Emissions of the harmful admixtures per 1 m* during the metal gas cutting for

one hour:

Type of the | Sheet Harmful admixtures emission, g/h

cutting thickness, | Welding | Manganese | Carbon | Nitrogen | Chromium
metals mm aerosol | oxides oxides | oxides oxides
Steel 5 74,0 2,31 49,5 39,0 —

Carbon, low

alloy 10 131,0 3,79 63,4 64,1 —

Steel 5 82,5 — 42,9 33,6 3,96

High quality,

. 10 145,5 — 55,2 43,4 6,68

Table 7. 2. Emissions of the harmful admixtures.

The maximum one-time emission of the harmful admixtures of the i ™

component during the gas cutting process can be determined using the
following equation, g/s:
M. __9

3600 (4.2)

PD area

For the substance release determination during the welding processes the
calculation methods with the use of the specific indicators of the pollutant

emissions are applied.

The calculation of the pollutant emissions is provided in accordance with the

"Guidelines for the pollutant emissions calculation in terms of welding process".
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The quality and quantity characteristic of the contaminants released into the

atmosphere is introduced in the following table:

Contaminant Gas Maximum one-time release, | Annual emission, t/lyear
cleaning, | g/s
Code Name % Before After Before After
cleaning cleaning cleaning cleaning
123 Ferrum oxide - 0,0007244 0,0007244 0,0016103 0,0016103
143 - 0,0001794 0,0001794 0,0003989 0,0003989
Manganese and
its compounds
2908 | Inorganic dust - 0,0000406 0,0000406 0,0000903 0,0000903

containing 70-
20% SiO2

Table 8.2. Characteristic contaminants released into the atmosphere.
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Initial data for the pollutant emissions calculation are introduced in the table:

Name

Design parameter

Characteristic, designation \ Unit

| Value

Semi automatic welding machine with the use of the electrode wire Sv-0,81G2S.
The welding is produced in the CO, gas environment.
Specific factor of the contaminant “x” per one unit of the

consumable materials and row products, Ky

123. Ferrum oxide a/kg
143. Manganese and its compounds a/kg
2908. Inorganic dust containing 70-20% SiO2 a/kg

Standardized value of the expenditure cinders releasing from %

the electrodes, n,

Consumption of the

Consumption of the

work period, B'

Intense work time, 1

welding materials during one year, B" kg

welding materials during the intense kg

Local suction effectiveness, n in the fractions of the unit:

123. Ferrum oxide

143. Manganese and its compounds -

2908. Inorganic dust containing 70-20% SiO2 -

Simultaneity of the work -

7,67
1,9
0,43

15

617,5

0,4
0,4

0,4

yes

Table 9.2. Initial data for the pollutant emissions calculation.
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The quantity of the contaminants which are released into the environment
during the welding materials consumption is determined using the following

equation:

Mpi =B - K - (1-no/100) - 107, kg/h (5.2)
where B — is the consumption of the applied materials, kg/h;

K*. — is the specific factor of the contaminant “x” per one unit of the consumable

materials and row products, g/kg;

N, — is the cinders formation owning to the electrode consumption standardized

value, %.

When the technological tools are equipped with the local exhaust systems the
guantity of the contaminants which are transferred into the environment through
those systems will be equal to the quantity emitted pollutants multiplied by the

local exhaust systems effectiveness value introduced in fraction of a unit.

The gross amount of the pollutants released during the welding materials

consumption is determined by the following equation:

M=B" K - (1-n,/100)-n- 107, tlyear (6.2)
where B" - is the consumption of the row materials, kg/year;

n - is the local exhaust systems effectiveness in fraction of a unit.

The maximum one-time emission of the pollutants released during the welding

process is determined by the following equation:

G =10%- My - n/ 3600, g/s (7.2)

The calculation of the maximum annual one-time pollutant emission into the

environment is introduced below.

B=1/1=1kg/h. (8.2)

123. Ferrum oxide
Msi=1-7,67 - (1-15/100) - 10° = 0,0065195 kg/h;

24



M=617,5-7,67 - (1-15/100) - 0,4 - 10° = 0,0016103 t/year;
G = 10°- 0,0065195 - 0,4 / 3600 = 0,0007244 g/s;
C =10°- 0,0007244 - 3600 - 8 /12 /30 /6 = 9,66 mg/m?>.

Conclusion: calculated concentration is unacceptable in view of the ultimate
limit concentrations of the harmful substances in the air which is equal to 6
mg/m®. As a result the additional local ventilation must be organized in the

working place.

143. Manganese and its compounds
Mpi=1-1,9-(1-15/100) - 102 =0,001615 kg/h;
M=617,5-1,9(1-15/100) - 0,4 - 10° = 0,0003989 t/year;
G =10%-0,001615 - 0,4 / 3600 = 0,0001794 g/s.

C =10°-0,0001794 - 3600 - 8 /12 /30 / 6 = 2,39 mg/m?>.

Conclusion: calculated concentration is unacceptable in view of the ultimate
limit concentrations of the harmful substances in the air which is equal to 0,2
mg/m>. As a result the additional local ventilation must be organized in the

working place.

2908. Inorganic dust containing 70-20% SiO2
Mpi=1-0,43 - (1-15/100) - 10° = 0,0003655 kg/h;
M=617,5-0,43 - (1-15/100) - 0,4 - 10°® = 0,0000903 t/year;
G =10° - 0,0003655 - 0,4 / 3600 = 0,0000406 g/s.

C =10°- 0,0000406 - 3600 - 8 /12 /30 / 6 = 0,54 mg/m°®.

Conclusion: calculated concentration is unacceptable in view of the ultimate
limit concentrations of the harmful substances in the air which is equal to 0,3
mg/m°. As a result the additional local ventilation must be organized in the

working place.

25



Terra Joint area

The quality and quantity characteristics of the contaminants released into the

atmosphere are introduced in the following table:

Contaminant Maximum one-time | Annual emission,
Code Name release, g/s tlyear
123 | Ferrum oxide 0,0006451 0,0002322
143 0,0000992 0,0000357
Manganese and its compounds
164 | Nickel oxide 0,0000963 0,0000347
203 | Hexavalent chromium 0,0000756 0,0000272
301 | Nitrogen dioxide (Nitrogen (1V) 0,0000812 0,0000292
oxide)
304 | Nitrogen (I) oxide 0,0000132 0,0000048
337 | Carbon monoxide 0,0018535 0,0006673

Table 10.2. Characteristic contaminants released into the atmosphere.

Initial data for the pollutant emissions calculation are introduced in the table:

Name

Design parameter

Characteristic, designation Unit

Value

1. Kempact Mig 2530. Semi automatic welding of the steel materials in the CO,
environment by the use of the electrode wire.

Specific factor of the contaminant “x” per one unit of

the consumable materials and row products, K*y:
123. Ferrum oxide
143. Manganese and its compounds
164. Nickel oxide
203. Hexavalent chromium
301. Nitrogen dioxide (Nitrogen (IV) oxide)
304. Nitrogen (Il) oxide
337. Carbon monoxide

Standardized value of the expenditure cinders

g/kg
g/kg
g/kg
a/kg
a/kg
a/kg
g/kg

%

6,83

1,05

1,02

0,8

0,344

0,0559

7,85

15
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releasing from the electrodes, n,

Consumption of the welding materials during one kg 100
year, B"
Consumption of the welding materials during the kg 1

intense work period, B'
Intense work time, T h 1

Local suction effectiveness, n in the fractions of the

unit:
123. Ferrum oxide - 0,4
143. Manganese and its compounds - 0,4
164. Nickel oxide - 0,4
203. Hexavalent chromium - 0,4
Simultaneity of the work - yes

Table 11.2. Initial data for the pollutant emissions calculation.

B=1/1=1kg/h.
123. Ferrum oxide
Myi=1-6,83 - (1-15/100) - 10° = 0,0058055 kg/h;
M =100 -6,83 - (1-15/100) - 0,4 - 10° = 0,0002322 t/year;
G =10 - 0,0058055 - 0,4 / 3600 = 0,0006451 g/s;
C =10°- 0,0006451 - 3600 - 8 /12 /30 / 6 = 8,601 mg/m°.
Conclusion: calculated concentration is unacceptable in view of the ultimate

limit concentrations of the harmful substances in the air which is equal to 6
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mg/m>. As a result the additional local ventilation must be organized in the

working place.

143. Manganese and its compounds
Myi=1-1,05-(1-15/100) - 10° = 0,0008925 kg/h;
M =100 - 1,05 - (1-15/100) - 0,4 - 10°® = 0,0000357 T/rop;
G =10 - 0,0008925 - 0,4 / 3600 = 0,0000992 g/s;
C =10°-0,0000992 - 3600 - 8/12/30/ 6 = 1,32 mg/m°.

Conclusion: calculated concentration is unacceptable in view of the ultimate
limit concentrations of the harmful substances in the air which is equal to 0,2
mg/m°. As a result the additional local ventilation must be organized in the

working place.

164. Nickel oxide
Myi=1-1,02 - (1-15/100) - 10° = 0,000867 kg/h;
M =100 -1,02-(1-15/100) - 0,4 - 10° = 0,0000347 t/year;
G =10°%- 0,000867 - 0,4 / 3600 = 0,0000963 g/s;
C =10°- 0,0000963 - 3600 - 8 /12 /30 /6 = 1,284 mg/m°.

Conclusion: calculated concentration is unacceptable in view of the ultimate
limit concentrations of the harmful substances in the air which is equal to 0,01
mg/m®. As a result the additional local ventilation must be organized in the

working place.

203. Hexavalent chromium
Msi=1-0,8"-(1-15/100) - 10° = 0,00068 kg/h;
M=100"-0,8-(1-15/100) - 0,4 - 10° = 0,0000272 t/year;
G =10°- 0,00068 - 0,4 / 3600 = 0,0000756 gs;
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C =10°%-0,0000756 - 3600 - 8 /12 /30 /6 = 1,01 mg/m°®,

Conclusion: calculated concentration is unacceptable in view of the ultimate
limit concentrations of the harmful substances in the air which is equal to 0,0015
mg/m®. As a result the additional local ventilation must be organized in the

working place.
301. Nitrogen dioxide (Nitrogen (IV) oxide)
My =1- 0,344 - (1-15/100) - 10° = 0,0002924 kg/h;
M =100 - 0,344 - (1-15/100) - 1 - 10 = 0,0000292 t/year;
G = 10°%- 0,0002924 - 1 /3600 = 0,0000812 g/s;
C =10°-0,0000812 - 3600 - 8 /12 /30 /6 = 1,08 mg/m°.

Conclusion: calculated concentration is unacceptable in view of the ultimate
limit concentrations of the harmful substances in the air which is equal to 0,085
mg/m°. As a result the additional local ventilation must be organized in the

working place.

304. Nitrogen (ll) oxide
Mpi = 10,0559 - (1 - 15/100) - 10" = 0,0000475 kg/h;
M =100 - 0,0559 - (1-15/100) - 1 - 10 = 0,0000048 t/year;
G = 10°%- 0,0000475 - 1 /3600 = 0,0000132 g/s;
C =10°- 0,0000132 - 3600 - 8 /12 /30 /6 = 0,176 mg/m°.

Conclusion: calculated concentration is acceptable in view of the ultimate limit

concentrations of the harmful substances in the air which is equal to 0,4 mg/m?®.
337. Carbon monoxide
Mpi=1-7,85-(1-15/100) - 10° = 0,0066725 kg/h;

M =100 - 7,85 - (1-15/100) - 1 - 10 = 0,0006673 t/year;
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G =10°- 0,0066725 - 1 /3600 = 0,0018535 g/s;

C =10°%-0,0018535 - 3600 - 8 /12 /30 /6 = 24,71 mg/m®.

Conclusion: calculated concentration is unacceptable in view of the ultimate

limit concentrations of the harmful substances in the air which is equal to 5

mg/m°. As a result the additional local ventilation must be organized in the

working place.

Welding area

The quality and quantity characteristics of the contaminants released into the

atmosphere are introduced in the following table:

Contaminant Maximum one-time | Annual emission,
Code Name release, g/s tlyear
123 | Ferrum oxide 0,0007244 0,0002608
143 | Manganese and its compounds 0,0001794 0,0000646
2908 | Inorganic dust containing 70- 0,0000406 0,0000146
20% SiO2

Table 12.2. Characteristic contaminants released into the atmosphere.

Initial data for the pollutant emissions calculation are introduced in the table:

Name Design parameter

Characteristic, designation

Unit Value

-Kemppi ProMig Pro 4200. Semi automatic welding of the steel materials in the

CO, environment by the use of the electrode wire.
Specific factor of the contaminant “x” per one unit of

the consumable materials and row products, K*y:

123. Ferrum oxide

143. Manganese and its compounds

2908. Inorganic dust containing 70-20% SiO2
Standardized value of the expenditure cinders
releasing from the electrodes, n,
Consumption of the welding materials during one
year, B"
Consumption of the welding materials during the

g/kg 7,67
a/kg 1,9
a/kg 0,43
% 15
kg 100
kg 1
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intense work period, B'
Intense work time, T h 1

Local suction effectiveness, n in the fractions of the

unit:
123. Ferrum oxide - 0,4
143. Manganese and its compounds - 0,4
2908. Inorganic dust containing 70-20% SiO2 - 0,4
Simultaneity of the work - yes

Table 13.2. Initial data for the pollutant emissions calculation.

B=1/1=1kglh;
123. Ferrum oxide

Mpi=1-7,67 - (1-15/100) - 10° = 0,0065195 kg/h;

M =100 - 7,67 - (1-15/100) - 0,4 - 10 = 0,0002608 t/year;

G = 10% - 0,0065195 - 0,4 / 3600 = 0,0007244 g/s;

C =10°- 0,0007244 - 3600 - 8 /12 /30 / 6 = 9,66 mg/m°.

Conclusion: calculated concentration is unacceptable in view of the ultimate
limit concentrations of the harmful substances in the air which is equal to 6
mg/m°. As a result the additional local ventilation must be organized in the

working place.

143. Manganese and its compounds
Mpi=1-1,9-(1-15/100)- 102 =0,001615 kg/h;
M=100-1,9-(1-15/100) - 0,4 - 10 = 0,0000646 t/year;
G =10°-0,001615 - 0,4 / 3600 = 0,0001794 g/s;

C =10°-0,0001794 - 3600 - 8/12 /30 /6 = 2,392 mg/m?.
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Conclusion: The calculated concentration is unacceptable in view of the ultimate
limit concentrations of the harmful substances in the air which is equal to 0,2
mg/m>. As a result the additional local ventilation must be organized in the

working place.

2908. Inorganic dust containing 70-20% SiO2
Myi=1-0,43 - (1-15/100) - 10° = 0,0003655 kg/h;
M=100"-0,43 - (1-15/100) - 0,4 - 10° = 0,0000146 t/year;
G =10 - 0,0003655 - 0,4 / 3600 = 0,0000406 g/s;

C =10°- 0,0000406 - 3600 - 8 /12 /30 / 6 = 0,54 mg/m?>.

Conclusion: calculated concentration is unacceptable in view of the ultimate
limit concentrations of the harmful substances in the air which is equal to 0,3
mg/m°. As a result the additional local ventilation must be organized in the

working place.

In accordance with the obtained results the measures which have to prevent the
negative effect of the released substances are to be taken.

First of all the protection items are to be provided to all workers in accordance
with GOST 12.4.011. These protection items differ in view of their way of use.
They can be personal (PPI) or collective protection items (CPI). The CPI are
classified depending on the harmful and dangerous factors (protection items
against the noise, vibration, dust, etc) while the PPI are classified depending on
the worker protected organs (protection items for the eyes, hands, body etc).
These measures are applied when operation of the production process is

impossible without releasing the harmful substances.

29 METHODS OF THE MICROCLIMATE PARAMETERS
CONTROL

The laboratory methods are applied to estimate the gas contamination of indoor

air. These methods imply the collection of the air samples during the production
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process for the following analysis in the laboratory.
For the rapid determination of the gas contamination level the express method
with the use of the universal gas analyzers is applied. These analyses are
based on the color reactions in the small volumes of the indicator substances.
The indicator substance is put into the glass tube (indicator tube) through which
the analyzed air is sucked by means of the gas analyzer. The length of the
colored column in the indicator tube informs about the hazards quantity. The
hazards concentration is determined by comparing the colored column with the

specially graduated scale (express method).

The main method of the dust concentration estimation in the air is the weight
method which is based on the dusty air sucking through the analytical filters.

The efficiency of the dust retention is 99.5%.

2.10 CLASSIFICATION OF THE VENTILATION SYSTEMS

In view of the way of the air transmittance the ventilation system can be natural
or mechanical.

The natural ventilation system is provided by the difference between the indoor
and outdoor air temperatures or the wind action. The natural ventilation system
can be organized or irregular. The most common type of organized ventilation is
aeration. (SNiP 11-4-79)

Air inlet Air inlet
Oe¢

|
i
|
1
1
1
I
I
|
|
|

Figure 10.2. Natural ventilation scheme
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In case of irregular ventilation system the air exchange is provided by the
displacement of the hot air through the doors and windows by the outdoor cold
air movement.

The natural ventilation system is economical, easy in use but has significant
disadvantages: it is applied in case of releasing small volumes of fumes; the
supplied air is not heated, not humidified and not cleaned from the

contaminants.

2.11 MECHANICAL VENTILATION

The mechanical ventilation serves to eliminate the natural ventilation system
disadvantages. In case of mechanical ventilation the air exchange is achieved

by means of pressure which is provided by the centrifugal or axial ventilator.

Mechanical ventilation provides the supplied air jam from those places where it
is the cleanest. The heating, moistening or subdrying of air with its
transmittance to the working places or equipment is possible moreover its
removal with the cleaning from the different places is applicable.
The mechanical ventilation system can be executed in the form of stitched,
exhaust of forced air and exhaust ventilation systems.
During the air exchange accountancy, ventilators are chosen from the special
catalogs according to the air consumption L and the general hydraulic
resistance of the ventilation system H.

H = Py + Py + P + Pf, Pa (9.2)

where P,,. — is the total losses in ventilation network, they consist of the air
friction pressure losses and in angles and other geometric forms of air piping
system;

P,,— is the dynamic pressure in the air escape section;

P,— pressure losses in the heater;

P,— pressure losses in the filter.

Ventilator's power consumption N,,.,, KW is determined by the following

equation:
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Nyen =

where

LH
1021)ye,-3600’

(10.2)

n — is the efficiency factor of the ventilator chosen from the catalog,

equal to 0,5...0,85.

Moreover, air-conditioning, air showers, and local ventilation systems are

applied in production.

2.12 LIGHTING AND ILLUMINATION ON THE FACTORY

The designed illumination equipment must provide:

Standardized value of the CNL (coefficient of the nature light) and the
lightness on the working places and in the escapes between the working

equipment in case of the operating and the emergency conditions;

Regulated values of the lightning installations quality indicators : - glare P
and total discomfort M indicators, Ripple light coefficient Kp, and the
requirements for the equitability of the distribution CNL and the light

inside the operating zones of the premise;

Regulated value of the safety factor.

In the content of the light projects the arrangements providing the possibility of

the sensible installation and exploitation of the light installations must be taken

into account:

In accordance with the Orderer Approval in the estimating documentation
the movable arrangements and equipment which enable to access to the
light apertures and the lighting installations or the relevant
documentation for the preparation such kind of arrangements is made
and the further organizations are to be completed by means of the

Orderer sources are taken in to account;
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Constructors are given the documentation with the task for the
installation of the sensible arrangements for the light apertures and the

lighting installations service (if it is needed);

Constructors are given the documentation with the task for the
installation of the workroom for the repairing and cleaning of the

lighting installations;
The number of the operational staff is calculated;

Lighting control schemes are developed for the energy saving which
enable the possibility of the full or partly work of the lighting

installations depending on of the daytime and the working process;

The relevant measures are designed to avoid the surge in the lighting

installations;

Constructors are given the documentation with the task for the
installation different of light apertures, eavesdropping details and the
components for the construction of the lighting circuits, electrical
equipment fixtures and the constructional drawings for the installation

of the lamps and other lighting equipment.

In case of developing indoor and outdoor lighting projects it is recommended to

make several calculations with the use of different variants of the initial data to

find out the most effective and suitable variant, which must meet the

requirements of the regulation norms.

In accordance with SNiP [1-4-79 the total area of the country is divided into five

zones of the country light climate. Following the list of those zones and the

areas which belong to these zones may be concluded that the St. Petersburg

area belongs to the Il zone of the light climate.

In case of the nature light; lateral illumination and inside the production

premises the standardized value of the CNL depends on the type of the visual
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In the Peikko’s production process the type of the visual work may be
corresponded to the VI, V and VII.

The orientation of the light apertures to the cardinal points in degrees is equal to

the following:
136-225; 226-315 and 46-135; 316-45

Considering the orientation of the light apertures to the cardinal points and the

type of the visual works the CML is equal to the following dimensions:

CNL value,%

Y% \% Vi
136-225 1,4 09 |09
226-315 15 10 |1
and 46-135 1,6 11 (11
316-45

Table 14.2. CML values.

The standardized values of the CNL depend on:

e the standardized values of the illumination from the artificial light in case
of different types of the visual works depending on the critical outdoor

illuminations using the following equation:

E,=0,01eE,, (11.2)
where e — is the coefficient nature lighting ; E. — is the critical outdoor

illumination.

e the smallest dimension of the object which must be admitted during the
work process, the type of the visual work; the object discrimination

contrast with the background, the background characteristics;
¢ building location on the light climate map;

e the standardized value of the CNL considering the type of the visual work
and the light climate features of the building location;

e the required natural light uniformity;
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¢ the dimensions and location of the equipment, their possible shading of

the work surfaces;
e the preferable direction of the lighting flow falling on the working surface;

e the duration of the natural light use for one day of the different seasons
considering the premise purpose, the work schedule and the light climate

of the location;

e the necessity of the premise protection from the glare effect of the direct
sunlight.

It is recommended to make the design of the natural light of the buildings in the

following sequence:

e the 1% stage — determination of the requirements to the natural lighting of
the premises; determination of the standardized value of the CNL in
accordance with the most common type of the visual work for the

production process;
¢ choice of the lighting systems;
e choice of the types of the light apertures and the translucent material;
¢ choice of the arrangements for the limitation of the sunlight glares effect;
e taking into consideration the building orientation;

e the 2" stage — making preliminary calculation of the natural lighting of
the premises (determination of the necessary area of the light apertures);

e checking of the light apertures and premises parameters;

 the 3" stage — making checking calculation of the natural lighting of the

premises;

e determination of the premises, zones and areas which have lack of

natural lighting in view of the standards and norms;
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e determination of the requirements to the additional artificial lighting of the
premises, zones and areas which have lack of natural lighting in view of

the standards and norms;

e determination of the requirements to the exploitation of the light

apertures;

« the 4™ stage — making all necessary adjustments to the total natural light

project (if it is needed).

Natural lighting system of the premises (side, top or combined) is recommended

if the following factors are considered:
e the purpose of the building; its architectural and construction type;

e the requirements to the natural lighting of the premises in accordance
with the special features of the technology and the character of the visual

work;
¢ climatic and light features of the climate of the construction area;
o profitability of the natural lighting.

The top and combined natural lighting must be arranged in most cases in the

production single storey multispan.
The side natural lighting must be arranged in a multi-storey production building.

In case of the side natural lighting design it is better to apply the standardized

window structures which are introduced in the following table.

In the Peikko's production building the standardized window structure with the
steel sashes which are made of single rectangular steel pipes and opening
mechanism (1.436.2-17 series). Coordination windows size in this case is

equal:
height = 1.2 m;
width = 0.8 m.
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GOST 12506-81 recommends to use the windows with the wooden sashes in
the production buildings.

The structures of the windows with the single or double glazing must be chosen
depending on the inside and outside air temperature difference in accordance
with SNiP [I-3-79. In case of the multi-tiered set of windows in accordance with
the series: 17436.2-15, 1.436.2-17 and GOST 12506-81 the total height of the
glazing must not exceed 7.2 m; and the 1.436.3-16 series — 6 m.

In case of side natural lighting inside the production building the window height
must be calculated according to the premises depth and the accuracy of the
operated works. Moreover in case the premises height is equal or less than 7.2

m it is sensible to possess the windows in one tier.

The quantity of the glazing layers inside the windows is taken in accordance
with the requirements of SNiP 11-3-79;

In accordance with the Manual to SNiP 11-4-79 inside the premises the height of
which is equal to 6 m and the width is 12 m the windows with the aluminum

alloys sashes.

For the preliminary calculation of the light apertures dimensions in case of the
side lighting the following chart must be applied.

When the dimensions and positions of the light apertures were chosen in
accordance with the architectural and constructional requirements the
preliminary calculation of the CNL values in premises with the side natural
lighting must be made in accordance with the following picture.

The CNL values are determined in the following sequence:

a) by the use of the constructional drawings the total area of all light apertures
Ao and the illuminated premises floor area As and then the AJ/A; ratio is

determined:
A,=12-0.8:6-4=23.04 m?

A;=30-12 = 360 m?;
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Ao/ As :% = 0.064.

b) the depth of the premises d, and the height of the upper edge of the light
apertures above the working surface level hg; are determined and then the ratio

dp/ho1 is calculated:
dp=12 m;
ho]_ =4.2m;
12
dp/hol :E = 2.85.

c) considering the values of Ay/A, and dn/ho; the point with the corresponding

value of e is determined using the chart.

Y . dalt,, 1/}
R . P Figure 11.2. Chart for the determination of the CNL value
2 &l e IS in case of the industrial building side natural lighting.
dy
2N
40 v
45 / .
4
4o —— : %ﬁﬁ
// gh2
v a i
[ R R T N A

The result of the NCL is unsatisfactory. As a result it is sensible to apply the

combined lighting.

The standardized values of the CNL for the Peikko's production building in case

of the combined illumination are introduced in the following table:

Orientation of the light apertures | CNL, %, in accordance with the type of the
towards the horizon, degrees visual work
v V \il
136-225 0,8 0,6 0,6
226-315 and 46-135 0,9 0,6 0,6
316-45 1,0 0,7 0,7

Table 15.2. Standardized values of the CNL.
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Windows fill type is the double glazing (two layers of glass) in the single steel

opening sashes owning that the value of the coefficient K; is equal to 1.

The combined lighting of the production buildings premises is recommended to

apply in the following cases:

a) in case of the technical and economic advances compared with the

natural lighting;

b) in those kind of premises where the visual work of the accuracy type |

or Il is performed,;

c) when the chosen space and planning solutions of the building from
point of view of the technology conditions and the production
organization does not provide the efficient level of the natural lighting in

accordance with the standards and norms;

d) in case of the building construction in the climate zones with the
severe climatic conditions in which it is adopted to reduce the total area
of the light apertures till the minimum value with the purpose to decrease

the heat loss;

e) in the factories with the oversized equipment which caused the
shading of the natural lighting;

f) In case of an increase of the requirements to the intensity, quality and
constancy of the lighting on those working places which cannot be

satisfied by the natural lighting;

g) when the premises with the big depth and the side illumination of the
production buildings are considered in view of the rational space planning

solution of the building.

2.13 METHODS OF THE LIGHTING CALCULATION

The method of the luminous flux (the method of the utilization coefficient) is

the main one for the total uniform illumination calculation for the production
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premises when the average illumination of the horizontal surface is

determined.

The lighting flow of the group of lamps F; in case of the fluorescent lamps is

determined using the following equation:

ENSKZ

F, =
l Nr]’

(12.2)

where Ey — standardized minimal lighting of the working place, Lk is given in

SNB 2.04.05-98 in accordance with the relevant type of the visual work:

Type of the Ey, Lk Blinding factor, P Ripple factor, K, %
visual work

VI 200 40 20

\Y 300 40 20

\il 200 40 20

Table 16.2. Standardized minimal lighting of the working place

S — is the area of the lighting premise, m?: S = 360 m?

K — is the safety factor which is determined in accordance with SNB 2.04.05-
98: K=1.5;

Z — is the minimal illumination factor which is equal to 1,1 for the fluorescent
lamps;

N — is the quantity of the lamps in the premise;

n — is the coefficient of the lamps lighting flow use and is depending on the
efficiency and the lamps light power distribution curve, lighting flow reflectance

factors form the ceiling Ppot , Walls P and from the working surface p; factors,

the height of the lamps suspension and the premise dimensions.

The n value can be represented in the following form:

1) = Dst e, (12.2)
where g — is the lamp efficiency factor which is determined by the use of

the main lamps parameters table;
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np — is the indicator of the illuminated premise.

The value of the y, is determined in dependence on the lighting flow
reflectance form the ceiling Ppot, Walls Pst and from the working surface p,

factors, lamps lighting power curves (KSS) and the premise index I, which is

determined using the following ratio:

i= —2 _-(13.2)

Hy(A+B)

where A — is the length of the premise, m;
B — is the width of the premise, m;
H, — is the designed height of the lamp suspension above the working

surface, m.

where h — is the height of the lamp suspension, m;
Ho — is the height of the working surface, m.

Hy=6-1.2=48m
3012
'T 48 (30 +12)

The lighting flow reflectance form the ceiling, walls and from the working

= 1.786

surface factors are given in table 19, SNB 2.04.05-983, in dependence on

the using materials.

In case of the Peikko's production premise the average values of this factors

is equal 50, 30, 10% for the walls, ceiling and floor correspondingly .

The safety factor for the using type of the lamps is equal to 1.5.

The required number of the lamps is determined by the following way. The
distance between the centers of the lamps:

L=Hy'm, m, (15.2)

where m — is the most advantageous ratio for the premise . L value is
recommended to take equally to 5...6 m for the production premises. The

value is determined and in accordance with its result the lamp classification
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curve is determined. Using the lamps main parameters table the lamp and
the relevant efficiency factor is determined.

L=485=24m

The distance from the premise walls to the first lamps row in case of the
presence of the working places near with the walls, is equal to the following:

a= éL , In case of the absence of the working places - a = %

a=+-24=8ma=—=0021m
3 2-24

The distance between the outermost lamp rows which are located near the
opposite walls is equal to: in the premise width direction C; = B — 2a; in the
premise length direction C, = A — 2a .

C;=12—-2-0.021 =11.958m; C, =30—2-0.021 = 29.958 m

As a result the quantity of the lamps rows, which can be located between the

1

outermost rows is equal: in the width direction - n, = CT — 1; in the length

. . C
direction - n, = Tz -1.

JG 1988 G 29958
M T T T R A ) -

The total quantity of the lamps rows: in the width direction - K; = ny + 2;in

the length direction - K, = n, + 2.

K, =05+2=25~3;K,=0254+2=225~2

The total quantity of the lamps is equal to: N = K; K.

N=3-2=6

After the Fn determination, the nearest standardized lamp is chosen and the
electrical capacity of the whole lighting system is determined. Practically the
difference between the designed value of the lamp lighting flow and the
chosen value should not exceed 20% otherwise the other system of the

lamps location must be chosen.
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The choice of the light sources and the lighting equipment are to be made on
the basis of the reference books.

In accordance with the results of the calculation the DRL125 Lamps are

recommended with the lighting flow equal to 5600Im.

2.14 LIGHTING CONTROL IN THE PRODUCTION PREMISES

For the determination of the quantity and quality indicators of the production

lighting photometers, light meters and the visibility meters are used.

The light meter U-116 consists of the measuring instrument, photoelectric
sensor and the nozzles package. This instrument allows to measure the
illumination till 200 000 Lk.

The lighting control is produced during the darkest season after the lamp
cleaning. (SNiP, 23-05-95)

lllumination measurement in the reference point is produced in the following
sequence.

The photoelectric sensor is connected to the device-meter the hypersensitive
element is possessed parallel to the working surface. The scale of the light
meter pointer is chosen by pressing the relevant buttons. If the pointer rolls
over (it means that the illumination value exceeds the grading scale) it is
necessary to extend the range of the measurements by the use of one of the
nozzles. The result of the measurements is to be multiplied by the conversion
factor which is stated on the nozzle.

Nowadays the wide range of other equipment which is suitable for such kind

of measurements is applicable.

2.15 NOISE SOURCES AND NOISE INDICATORS

Some manufacturing processes are accompanied by the industrial noise.
The intense noise sources are the machines with the unbalanced rotating
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masses in certain kinematic pairs from which the friction and the collisions arise.
Moreover some plant equipment in which the fluid and gas movement leads at a
high speed and is accompanied by a surge. This type of the noise sources in
the work place include various crushers, mills, blowers, air ventilation system,

electric motors, pumps, presses, punching machines, etc.

The main sources of the industrial noise are the metalworking, woodworking,

power and ventilation systems, internal transport, etc.

The noise is considered as the totality of the different sounds in view of their
strength and frequency that occur owning to the vibrational particulars motion in
the elastic environments. The noise is produced by the mechanical vibration in
the solids, liquids and gases. The mechanical vibrations in the frequency range
16...20000 Hz are perceived by the human auditory organ in the form of sound.
The oscillations below 16 Hz (infrasound) and above 20 000 Hz (ultrasound) do
not cause any auditory feelings, but affect human organism biologically.

The sound is characterized by the frequency f, intensity | and sound pressure P.
The speed of the sound waves propagation in the air when the temperature
t=20 °C is equal to 343 m/s, in steel 500 m/s, in concrete 4000 m/s. The part of
the space where the sound waves propagate is called sound field.

In case of the environment vibrations its elementary particulars fluctuate
relatively its initial position. During the oscillations the areas of the low pressure
and the high pressure which determine the sound pressure value as the
difference between the perturbed and the unperturbed air arise in the air.

The human hearing aid has different sensitivity to the sound of different
frequency. The minimum sound pressure and the minimum intensity of the
sounds which are perceived by the human ear determine the threshold of the
audibility. (SN 3223-85, 12.03.85)

For the reference adopted sound with the 1000Hz frequency. At this frequency
the threshold of the audibility by the intensity is equal to the following:

I, = 1012 W/m? and its corresponding sound pressure is: P, = 2 - 1075 Pa. The
upper limit of the sound perceived by the human is treated as so called the pain
threshold. The pain threshold is 120-130dB. At a frequency of 1000Hz the pain
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threshold arises in the following conditions: | = 10 W/m? and Py = 2 - 10 Pa.
Between the hearing threshold and the pain threshold is the area of hearing

(auditory).

2.16 NOISE CLASSIFICATION AND THEIR CHARACTERISTICS

A human is able to perceive the sounds in the great range of the intensities. As
a result it is absolutely unsuitable to use the absolute value of the sound
intensity and the sound pressure. In the acoustics it is common to measure not
absolute values of the sound intensity but their relative logarithmic levels which
are taken in relation to the threshold value Iy or Po.

The human hearing organ is capable of distinguishing of the sound growth by

1dB which is adopted in the acoustic measurements practice as the basic unit.

In practice two logarithmic values are used for the noise characteristic: the level
of the intensity L and the level of the sound pressure L,dB. (SN 3223-85,
12.03.85)

L =10log-, dB, (15.2)
0
P

L, = 20log;-, dB, (16.2)

where | — is the sound intensity in the reference point, W/m?;

lo — is the sound intensity which corresponds to the threshold of hearing at a
frequency equal to 1000 Hz;

P — is the sound pressure in the reference point, Pa;

P, = 2-107° Pa — is the threshold sound pressure at a frequency equal to
1000 Hz.

The logarithmic scale in decibels (0...140) allows to determine a physical noise
characteristic regardless of frequency. The highest sensitivity of the human
hearing organ is typical for the middle and high frequencies (800-1000 Hz) and
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the lowest sensitivity is typical for the low frequencies (20-100 Hz). Therefore in
order to make the results of the objective measurement closer to the subjective
perception the concept of the corrected sound pressure level is composed.

The essence of the correction is taking into account the corrections to the level
of the corresponding value depending on the sound frequencies. These
corrections are standardized in the international scale. A correction is most

commonly used. The corrected level of the sound pressure L, = L, + CL, is

called the sound level and is measured in dBA.

During the noises research the whole range of the frequencies is divided into

the frequency stripes and then the process capacity is determined which goes
through each stripe. Most commonly the active and the third active frequency

stripes are used. The center frequency (f ) characterizes the stripe totally.

f =Vt 17.2)

where f; and f, — is the high and low boundary frequencies of the octave band
noise.

Thus the row of the 9 active bands was formed with the geometrical mean
frequencies: 31,5; 63; 125; 250; 500; 1000; 2000; 4000; 8000 Hz, which are
used in GOST 12.1.003-83.

In accordance with GOST 12.1.003-83 and SN 9-86 RB98 the ultimate noise

levels are classified:

¢ relatively to the nature of the spectrum: broadband with the
continuous spectrum of more than one octave; tonal — in the
spectrum of which the discrete tones are and for the practical
purposes (in case of the sound parameters on the working place) the
tonal character is established by the measurement in the third of the
octave band frequencies by the exceeding of the sound pressure in
the one band comparatively to the adjacent not less than on 10 dB;

¢ in accordance with the temporal characteristics by: continuous (its
sound level may differ during the 8 hours’ work day not more than on
5 dBA;
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e inconstant sound level of which during the 8 hours’ work day differs

more than on 5 dBA.
Inconstant noise is subdivided into:

o fluctuating in time (the sound level of which is constantly changing
during the time);

e intermittent sound level of which is changed stepwise by 5 dBA and
more in case of the interval length during which the noise is constant
is equal to 1 s and more;

e pulsed which consists of one or several sound signals each of which
lasts less than 1 s.

2.17 NOISE EFFECT ON THE HUMAN

From the physiological point of view the noise is considered as unpleasant for
the perception sound process, which interferes the conversation and affects the
human health. During the prolong noise impact the hearing acuity is reduced,
the blood pressure is changed, the attention is weakened, the vision comes
poor etc. Intensive noise causes the functional changes of the cardiovascular
system, the disruption of the normal function of the stomach and a wide range
of other functional disorders in the human organism. (SN 3223-85, 12.03.85)
Especially the noise impacts negatively on nervous and cardiovascular
systems. Noise causes headaches, impairs the memory, slows down the mental
reaction, becomes a reason of the nervous system break down, reduces the

efficiency and productivity etc.

The intense noise leads to the propagation of the ear diseases.
The list of the changes that occur in the human organism during the long-term

noise impact must be considered as the “noise disease”.
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2.18 NOISE STANDARDIZATION

In order to reduce the harmful noise impact on the working places rationing is
introduced. The normalized parameters of the constant noise on the working

places are:

« sound pressure levels L, in the octave bands with the center frequencies
31.5; 63; 125; 250; 500; 1000; 2000; 4000; 8000 Hz are determined by
the following equation:

P
L, = 2010gP—0, dB, (18.2)
where P — is the average quadratic value of the sound pressure , Pa;

P, = 2-10~°Pa — is the original value of the sound pressure in the air.

o sound level L, dBA which is determined by the use of the following

equation:
Ly = 20log=*, dBA, (19.2)
0

where P, — is the average quadratic value of the sound pressure

including the A correction of the noise meter, Pa.

Standardized parameters of the inconstant noise on the working places are:

« the equivalent (by the energy) sound level, dBA which is determined by

the use of the following equation:
Ly = 10log $(-2)2 - dt, (20.2)
0

where P, — is the current value of the mean square sound pressure

including the A correction of the noise meter, Pa;

Po- is the initial value of the sound pressure in the air which is equal to
2.10° Pa;

t - is the period of the noise action, hours;
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The maximum sound level: for the oscillating in time and for the intermittent
noise in dBA and for intense noise dBAI.

The assessment of the intermittent noise is the point of the ultimate limit levels
must be provided both by the equivalent sound level and by maximum sound
level, dBA and dBAi correspondingly.

The ultimate limit noise levels must be taken in accordance with GOST
12.1.003-83 and SN 9-86 RB98:

« for the tonal noise the noise levels must be taken less by 5 dB (dBA)
then standardized values;

« for the generated by the indoor air conditioning systems noise the value
must be taken less than those designed or calculated values if they are
less than the standardized values the correction for the tonal and pulse
noise is not considered and in all other cases it is considered by 5 dB

less than standardized values.

The maximum sound level for the oscillating and intermittent noise should not

exceed 110 dBA and for the pulse noise should not exceed 125 dBAI.

2.19 METHODS OF PROTECTION AGAINST NOISE

The development of the measures to prevent the noise negative factors must be
started from the consideration of the possible ways of the noise weakness in the
sources of its occurrence. Significant noise reduction can be achieved by the
high quality installation of the machine’s individual components, its dynamic
balancing and conducting the timely repairing. (SN 3223-85, 12.03.85)
Violation of the operating rules of the machines may lead to the intensive noise
generating by the low-noise equipment.
The capability of the building materials to dissipate the sound waves energy is
used for the sound absorption. In case of the sound waves falling on the sound
absorbing surface which is made of porous material the significant part of the

acoustic energy is spent on making the air to vibrate inside the narrow
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channels, pores. In this case the kinetic energy of the sound waves is converted
into heat energy which then spreads in the environment.
The most intense sound energy is converted by the porous and friable materials
which are applied for the better sound absorption effect. The sound waves
when they get in touch with the barrier may partially reflect or partially refract.
The part of the refracted energy is absorbed by the barrier material. The rest of
the sound energy penetrates beyond the barrier. (SN 3223-85, 12.03.85)

Elpnm

Figure 12.2. Scheme of the sound energy conversion.

The material’s ability to absorb the sound energy is characterized by the sound
absorption factor a which is equal to the ratio of the sound energy absorbed by
the material Epoq4 to the incident sound energy Epag.

a="2%<1,(21.2)

pad
The sound reflection form the barrier is characterized by the reflection factor g
which is equal to the ratio of the reflected from the surface energy Eq to the

falling sound energy:

B =0 < 1,(22.2)
Epad

The sound conductivity of the barrier is characterized by the sound conduction

factor t

T =P (23 9)

Epad '
On the basis of the energy conservation theory:
a+pB+1=1,(24.2)

The strongest sound absorbing features have the fibrous and porous materials:
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fibrolitovye plates, fiberglass, mineral wool, polyurethane cellular plastic,
polyvinyl chloride and other porous sound-absorbing materials which have the
sound absorbing factor more than 0.2.

The reduction value of the noise level in case of using the sound absorbing
coating does not exceed at the general noise level 8dB and at the single active
bands — 12-15 dB.

The noise can be reduced by the installation of the sound proof enclosures in
the path of the obstacles.

The sound insulation features of the envelope and fencing are determined by
the sound conduction factor t. For the diffusion sound field the insulation

coefficient value R is determined using the following equation:
R =10log~, dB, (25.2)

The sound insulating ability of the reflection depends on the material acoustic
features, geometrical dimensions, mass, the number of the material layers,
material elasticity, natural frequency of the envelope and the frequency
characteristics of the noise.

In those cases when the sound reduction till ultimate limit values cannot be
achieved by the technical measures for the workers safety the personal safety
equipment is applied. As a personal safety equipment against noise the
headphones, the earbuds, the helmets etc. are applied. The requirements to
the design and the execution are described in the GOST 12.1.029-80 SSTB.
The headphones protect the ears from the outside. The earbuds cover the ear
channel. The helmets cover the part of the head and the ears. The noise
protection suits provide the workers body safety. The main requirements to the
noise protection suits are established in the GOST 12.4.051-78 SSTB.

2.20 CONTROL OF THE NOISE PARAMETERS

The measurement equipment is based on the electrical measuring methods.
The converting of the mechanical vibrations is provided in the magneto-

electric or in the piezo-electric receivers/transmitters. The electrical signals
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which are received from the sensors amplify and then convert and are fed to
the recording device which is scaled in the absolute and relative units.

For the noise measurement the noise meters are applied. The basic
elements of the noise meter are: the microphone that converts sound waves
of the environment into the electrical, the power, the rectifier and the dial
gauge scaled in decibels. The noise meters has the correcting frequency

characteristics.

2.21 INDUSTRIAL VIBRATION

Vibration is the mechanical oscillations and the waves in the solids.
Depending on the method of the transmission to human the vibration is

divided into the local and general.

The local vibration is transmitted through the human hands; it affects the legs
of the sitting human, the forearm which are in contact with the vibrating
surfaces.

The overall vibration is transmitted through the bearing surfaces to the body
of the sitting or staying human.

The sources of the local vibration which is transmitted to the workers can be:
the manual machines with the engine or with the manual power tool; the
equipment for the machines’ maintenance; the hand tools and the work
pieces. (SN 30043-84, 15.07.84)

The overall vibration in dependence on the source of its occurrence is divided

into the following:

« the general vibration of the 1% category — transport vibration which affects
the human on the working place in the self-propelled and towed vehicles,

tin case of the vehicle driving on the terrain, roads;

« the overall vibration of the 2" type — which affects the human on the
working place in the machines which are transported by the use of special

surfaces, areas of the production premise;
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« the overall vibration of the 3" type — technological vibration which affects
the human on the working place transmitted by the stationary machines.

The overall vibration of the 3™ type in accordance with the action area is

divided into the following types:

3a — on the permanent working places of the factories production

premises;

3b — on the working places in the storages, canteens, controlling rooms
and in the others subsidiary premises where there are no machines which

generate the vibration;

3c — on the working places in the administrative offices of the production
premise, design offices, laboratories, teaching points, data centers, health
centers and other premises for the offices and knowledge workers. (SN
30043-84, 15.07.84)

In dependence on the time characteristics the vibration is divided into the

following:

« the constant vibration, for which the spectrum or corrected by the
frequency standardized parameter during the observation time (not
less than 10 min or the technological cycle) differs not more than by
two times (6 dB);

« the inconstant vibration for which the spectrum or corrected by the
frequency standardized parameter during the observation time (not
less than 10 min or the technological cycle) differs more than by two
times (6 dB).

The main parameters which characterize the vibration are the following:
frequency f Hz; amplitude A m; vibration velocity U m/s; vibration acceleration
a m/s?, the levels of the vibration velocity L, and the vibration acceleration L,

dBa which are determined correspondingly by the following equations:
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V =2rFAmls;a = (2nf)?A m/s, (26.2)
L, = 20log~ dB; L, = 20log< dB, (27.2)
Vo Qo

where V — is the average square value of the vibration velocity m/s;

Vo — is the threshold vibration velocity value which is equal to 5:10® m/s;

a — is the vibration acceleration m/s

ao — is the threshold vibration acceleration value which is equal to 3-10™“m/s.
The level of the harmful impact of the vibration on the human organism
depends on the vibration velocity at the oscillations’ frequency equally more
than to 10 Hz and from the vibration acceleration at the oscillations’
frequency equally less than to 10 Hz.

The longitudinal impact of the intense vibration on the workers causes the
special vibration disease which is connected with the weaknesses of the
human initial organs.

In accordance with GOST 12.1.012-90, SN 9-90 RB 98 and SN 9-89 RB 98
the hygienic assessment of the permanent and non-permanent vibration is

produced by the following methods:

e the frequency (spectral) analysis of the design parameter;
¢ the integrated assessment including the period of the vibration action

by the equivalent (be the energy) level of the standardized parameter.

The main method is the frequency analysis. The normalized frequency range
for the local vibration is established in the form of the octave bands with the
center frequencies: 8; 16; 31,5; 125; 250; 500; 1000 Hz.

The normalized frequency range for the general vibration in dependence on
the vibration category is stipulated in the form of the octave or third octave
bands with the center frequency: 0,8; 1,0; 1,25; 1,6; 2,0; 2,5; 3,15; 4,0; 5,0;
6,3; 8,0; 10; 12,5; 16,0; 20,0; 25,0; 31,5; 40,0; 50,0; 63,0; 80,0 Hz (for the 3a
category — 2,0; 4,0; 8,0; 16,0; 31,5; 63,0).

The normalized parameters of the constant vibration are: mean-square
vibration acceleration values of the vibration velocity the vibration

acceleration, which are measured in the octave (third octave) frequency
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bands or their logarithmic levels; corrected by the frequency value of the
vibration velocity and the vibration acceleration or their logarithmic levels.
The normalized parameters of the inconstant vibration are the equivalent (by
the energy) the corrected by the frequency value of the vibration velocity and
the vibration acceleration or their logarithmic levels.

In case of the impact duration per working day less than 480 minutes the
permissible value of the vibration velocity V. is determined by the use of the

following equation:

,480
Vt = V480 ? y (282)

where Vg0 — is the allowable vibration velocity in case of 480 min vibration
impact duration;

t— is the period of the vibration impact per one working day, min.

The prevention of the vibration disease is achieved by the use of the vibration
protection equipment and measures, working on the machines which have the
vibration protection.

During the designing of the technological processes and the production
buildings the machines and equipment with the low-vibration effect are to be
chosen; the schemes of the machines’ location all over the premise considering
the minimum vibration levels on the working places; the assessment of the
designed vibration load on the operator must be provided; the construction
solutions of the building envelope and the structure of the floor slabs, basement
etc. are made from the point of view of the vibration production safety
requirements. (SN 30043-84, 15.07.84)

3. DANGEROUS AND HARMFUL EXPLOSION FACTORS

In accordance with GOST 12.1.010-76 the list of the dangerous and harmful

factors which affect people in case of explosion is the following:

shock wave, the pressure on the front of which exceeds the allowable, flame
and fire, equipment failure, communications failure, buildings and structures

failure and the expansion of their fragments, and the emergency of the
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dangerous substances which are contained in the output or damaged machines
and tools occurred owning to the explosion and the total content of these

substances in the air exceeds the MAC (the maximum acceptable content).

Shock wave is a space of instant compression of the surrounding environment,
which extends all over the directions from the explosion. The pressure on the
front of shock wave (AP;) and the speed of its extension reduces in accordance
with the remoteness from the core of explosion and as a result a shock wave
becomes a simple acoustic wave. The way of changing the pressure in
particular point in case of crossing it by the shock wave is introduced on the
following chart. During the compression phase (t;) the pressure reduces after
crossing the leading front and then goes phase of discharge (t.). In most cases
the damaging and destructive actions of the shock wave are determined by the
parameters of the compression phase, however, in case of containers with
compressed gases or gas cylinders explosion and extended source of explosion
phase discharge parameters achieve the highest values.

p
While the shock wave
+ .
3 Zs crossing
A 3

A W 7 Figure 1.3. Pressure difference in
; " particular plane while shock wave
b = _crossing.

The impulse of the compression phase which determines the effect of the shock

wave on a human must be calculated using the following equation:

i= [(P@)-R)t
: [(13)

where Py is atmospheric pressure.

The reflected wave arises in case of interaction of the shock wave and the

indestructible barrier. If the barrier is possessed perpendicular to the direction of
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the wave propagation, the reflected surface pressure is determined using the

following equation:

APy, = 2AP; + 6AP? / (AP; + 7P,). (2.3)

Fatal injuries or severe concussions happen when APs> 100 kPa.

A human receives serious injuries in case of exceeded pressure which is
equal to 60 — 100 kPa, when a pressure is 40 — 60 kPa, a human receives
moderate injuries, in case of 20 — 40 kPa pressure, a human receives
negligible injuries. In case of shock wave action the most vulnerable to its
effect are those humans’ organs which are filled gases or liquids, such as
lungs or hearing organs. In spite of the direct harmful effect there are
possible secondary and tertiary effects. Secondary effects include the injuries
by the equipment splinter or the destructed construction elements. Tertiary
effects imply the shock wave impact on the human’s body and the

subsequent braking stroke.

The lung damage depends on the APs, the time of wave action and the
human’s mass. The effect of the both last factors is characterized by the

reduced impulse, which is determined using the following equation:

1=i/P*mi. (3.3)

The probability of death in case of fragments injury depends on the
fragments’ mass and their speed of movement. The radius of the dangerous
zone is expanded by the possibility of the fragment’s action or the injuries by
the destructed construction elements, because of the fact that injury is
possible to be caused by the window glass collapse which occursata 2 -7
kPa pressure.

3.1 DANGEROUS AND HARMFUL FIRE FACTORS

According to GOST 12.1.004-91 the list of the harmful fire factors is the

following:
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flame and sparks; the high environmental temperature; toxic products of the
combustion and the thermal decomposition; smoke; reduced oxygen
concentration. The secondary manifestations’ harmful fire factors are: the
fragments; parts of the destructed equipment and tools; radioactive and toxic
substances and materials which are contained in the machines and
equipment; the electrical current caused by receiving a high voltage by the
electrical ducts of the building structure and the equipment; the harmful

explosion factors caused by the fire extinguished agent.

The intensity of the fire impact on the human’s skin is characterized by the

heat flow dimension. In a compliance with the required evacuation time the
dangerous density of the heat flow is E>0.3 kW/m?. The permissible time of
the heat flow impact on the human can be measured using the following

eqguation:

t=0,013E*%, (4.3)

where t — is the time of impact, h.

Extremely high environmental temperature entails the burns of the respiratory
and skin. On relation to the physically healthy people 10 minutes impact of
the 80 - 100 °C temperature is acceptable.

The 60 °C temperature is acceptable for evacuation time calculating. The
skin heating which is exceeded 45°C causes harmful feelings. The time of

the heating till 45°C can be estimated using the following equation:

t=(35/E)"*, (5.3)

where t — is the heating time, s.

The skin heating till 77 °C causes its immediate pain, at 149°C temperature

almost immediate inhalation burn occurs.

Statistical research shows that in fire situation more than 70% of people die
because of the combustion products’ poisoning. The most prevalent toxic
products are CO, and CO. The maximum permissible CO, content is 6%. A
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10 — 12% concentration entails death. The maximum permissible CO

concentration is 0.1%.

Low oxygen content may lead to the people death despite of the toxic gases
absence. As a maximum permissible level of oxygen content 17% is

accepted in case of the evacuation.

The toxic characteristics of the extinguishing agents are given in their

technical specification.

3.2 PROBABILITY ASSESSMENT OF THE EXPLOSIVE
DANGEROUS SITUATIONS’ OCCURRENCE

In accordance with GOST 12.1.010-79 the probability of the explosion on any
object must not exceed 10° during one year or the possibility of the
dangerous fire factors’ impact on the people must not exceed this value. In
accordance with GOST 12.1.004-91 the prevention level of the dangerous
factors impact on the people must be more than 0.999999. The maximum
permissible impact level of the dangerous factors which exceed the
maximum acceptable values must be less than 10® for each person in one

year.

The possibility of the dangerous factors’ impact on the human is determined

using the following equation:

Qs= Qr(1-P5) (1- Prs), (6.3)
where QB — is the possibility of the dangerous factors impact on human;

Qp — is the possibility of the fire occurrence;
Pe — is the possibility of human’s evacuation;

Pyz — is the possibility of the technical design effectiveness of the fire

protection system.
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Pe must be calculated in accordance with the designed people’s evacuation
time and the time till the locking of all evacuation ways because of the

excessive values of dangerous factors.

Pn.3: 1- I_I ( 1- RI) ’ (73)
where n — is a technical solutions quantity of the fire protection system inside
the building.

R; — is the possibility of the technical premises effective work .

For the exploited buildings the possibility of the dangerous factors’ impact on

the people must be checked using the following equation:

Q.=mMy/(TNog), (8.3)
where m — is the coefficient taken in accordance with the possible number of
injured people;

T —is the period of exploitation of the same type building, year;

Mg — is a number of injured people owning to the fire in the group of
buildings during the period T;

No — is the total quantity of the people which was in the building.

The method of the possibility of fire or explosion occurrence calculation
inside the fire and explosion dangerous object is introduced in GOST
12.1.004-91. The probability of the explosion occurrence in all premises of
the building must be taken into account in case of its initiation either in one

particular premise.
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Table 1.3. Necessary number of the fire extinguishers depending on the premises’ floor
area and its category

_ A, B, V (flammable Public
Premises’ category - \% G G,D o
liquids or gases) buildings
Maximum protected
200 200 800 1800 800
area
Fire class A/ B | C|D|(E)A|C|(E)D|C|A|D|E, A E
Foam or water fire 2 | 4 2 2 2 4
extinguishers 10l -] - -
capacity ++ | + ++ + ++ ++
Powder fire | 2/2 2 4 4 | 4 4 | 8
extinguishers [ N N B i i
++ + + | + + | +
I/mass of
extinguishing | 5/4 212222222 |2 ,2|2|2]|2|4 4
agent
+ |+ |+ | |+ | | |+ | | |
capacity, kg
10/9 1 /111|121 |{212|2, 212 1|1 |1|1|1]|2 2
S o T T S S B S A S S A O A I S A S
Chladone extinguishers 4 | 4 2 2 4
2-3| capacity } A R R I R )
+ | + + + +
Carbon 212 4 4 4
dioxide fire I R S I N I S )
+ + +
extinguishers
l/mass of 5(8)/3(5)
extinguishing 212 2 2|4 2
agent ++ | + ++ ++ | + | ++
capacity, kg
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3.3 EMERGENCY PLAN DEVELOPMENT

Figure 2.3. Emergency plan.
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In accordance with the SNiP 21-01-97* the exits are called emergency if they:

are directed from the premises of the first floor to outside:

o direct;

e through the corridor;

e through the hall;

e through the stairwell;

e through the corridor and hall;

e through the corridor and stairwell;

e are directed from the premises of any other floor apart of the first floor :
« directly on the stairwell or on the 3" type stair;

e to the hall which is straightly directed to the stairwell or on the 3" type

stair;

e to the corridor which is straightly directed to the stairwell or on the 3™

type stair;

Exits are not emergency if sliding or lifting trapdoors and gates are installed in

their openings.

The premise of this type of production can be characterized as F5.1 class. This
fact means that only one emergency exit is enough, but if there are two
emergency exits they must be possessed with the minimum distance L,m

between them:

in case of exit from the premise: L = 1.5vVP /(n-1); L = 1.5V16.16 /(2-1); L= 6 m
in case of exit from the corridor: L 2 0.33D/(n-1); L 2 0.33-:31/(2-1); L=10.2 m
where: P — is the perimeter of the premise, m;

n —is a number of the emergency exits;
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D - is the total distance of the corridor, m.

The height of the emergency exit must be at least 1.9 m, the width not less than
0.8 m.

The width of the outside doors of the stairwells and the doors from the stairwells
to the hall must not be less than the design value of the width or not less than
the width of the stairs flight.

The doors of the emergency exits must open in accordance with the direction of

escape of the building.

The doors of emergency exits from the corridors, halls and stairwells must not
have any block system which may prevent its free opening from the inside
without the key. In the buildings with the total height exceeding 15 m such kind

of doors must be blind or with the reinforced glass.

In the emergency the appropriate lighting must be provided in accordance with
SNIP 23-05.

The length of an emergency way from the work place must be determined in
accordance with the functional fire danger class and premise and building
exposure danger category, the total amount of the people staying inside the
building, the premise and the emergency ways geometrical parameters,

structural fire danger class and the level of fire resistance.

The length of the emergency way across the stair of the 2™ class is equal to its
height.

67



Table 2.3. Classification of the stairs and the stairwells.

Stairs Stairwells

Emergency Fire stairs In accordance with the level of the smoke resistance

stairs during the fire

Internal stairs | P1: Vertical Normal stairwells Smoke resistant

which are stairs stairwells

placed on the

stairwells

Internal open | P2: Floating L1: stairwells with the N1: stairwells with the

stairs stairs with the daylight through the entrance on the stairwell
slope less glassed or free from the floor through the
than 1:6 openings in the outside | unsmoked external air

External
open stairs

walls on the each floor

zone across the open
passage

L2: stairwells with the
daylight through the
glassed or free
openings in the coating

N2: stairwells with the
overpressure during the
fire

N3: stairwells with the
entrance from the each
floor through the locks in
which overpressure is
provided during the fire

All emergency ways must not include any lifts and escalators; moreover they

must not contain directions lying:

e through the corridors with the exits from the lift shafts, lift halls and

tambours

in front of the

lifts, if the

lift doors do not meet the

requirements, which are proffered to the fire protection barriers;

e through the stairwells when it is a part of the corridor, and besides

through the premise, which contains the 2™ type stair which does not

serve as the fire stair;
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e on building roofing in spite of the exploitive roofing or a specially
equipped part of the whole roofing;
e on the 2™ type stairs, which connect each together more than two floors
and which are directed from the basements and underground floors.
Across the emergency ways in the buildings of all levels of fire resistance and
structural fire danger classes, in spite of the 5" level of fire resistance and C3
class buildings, it is forbidden to apply any materials the fire danger level of
which is higher than the following values:
e G1,V1, D2, T2 - for the wall, ceiling finishing and the hanging ceiling
filling in the halls, stairwells and the lift halls;
e G2,V2, D3, T3 or G2, V3, D2, T2 — for the wall, ceiling finishing and
the hanging ceiling filling in the common corridors and halls;
e G2, RP2, D2, T2 — for the floor finishing in the halls, stairwells, lift
halls;
e G2, RP2, D3, T2 — for the floor finishing in the common halls,
stairwells.
In the premise F5 class A,B and V1, in which the flammable liquids are
produced, applied or saved, the floors are to be made without flammable
materials or G1 materials.
If the length of the corridor is more than 60 m, it must be divided by the fire
resistant barrier of the 2" type on several parts, the length of each of this part
must be determined in accordance with SNiP 2.04.05, but must not exceed
60m.
In case of the doors open from the premises to the corridors the width of the
emergency way must be reduced by:
e the half of the width of the door opening — in case of one direction
possessed doors;
e the width of the door opening - in case of two direction possessed
doors.
The height of the horizontal parts of the emergency way must not be less than 2
m, the width of the horizontal parts of the emergency ways must not be less

than:
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e 1.2 m — for the common corridors, from which 50 people can be
evacuated,;
e 0.7 m—for the way to the work place;
e 1.0 m—in all other cases.
In all cases the width of the emergency exit must be appropriate for the
transportation of the stretcher with a lying man on them.

In the floor structure of the emergency way it is not allowed to have the height
difference more than 45 sm and the ledge in spite of the doorsteps. In places
with the height differences the stairs with at least three steps or the rampant

with the slope not more than 1:6 must be organized.
In case of the stair height more than 45 sm railings must be provided.

The width of the stair which must be appropriate for people evacuation must not
be less than the design value or not less than the width of any other evacuation
exit on it, but as a rule not less than 0.7m — for the stairs directed to the

particular workplace and 0.9 m in all other cases.

The slope of the emergency stairs must not be more than 1:1, the width of the

step not less than 25 sm, the height of the step not more than 22 sm.

The slope of the open stairs which lead to the particular work places can be

increased till 2:1.

The stairs of the 3™ type are to be made of inflammable materials and are to be
possessed near with the blind wall parts of not less than K1 class and their

maximum fire resistance must not be less than REI 30.
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3.4 CALCULATION OF THE ACTUAL EVACUATION TIME

F

Figure 3.3. Emergency plan areas.

In the red circles the numbers of the emergency plan areas are stated.

The first area is going from the Production Manager cabinet.

Figure 4.3. First emergency area.

N; =1 - is the number of people on the emergency area;
f = 0.1 - is the average man projection, m?;

l; = 7,2 - is the length of the emergency area, m;

bi = 0.9 - is the width of the emergency area, m;

— le _ 101 _ _ - . .
i 0.015 - is the people flow density; (9.3)

D1
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v1 =100 - is the average speed of the people flow, is taken from the reference
table in dependence on the people flow density, m/min;

L _ 7_20 = 0.072min; (10.3)

v, 10

tl =

The second area goes from the welding zone.

/|looooooo
/ boooooo

Figure 5.3. Second emergency area.
g: =1 - is the intensity of the people flow movement, m/min;
_ Qi—1'bi—y __ 1:0.9

qi= = —=0.74 m/min;
b; 1.35

N, =2 - is the number of people on the emergency area;
f = 0.1 - is the average man projection, m
l, = 4.93+6.45 - is the length of the emergency area, m;

b, = 0.9+1.35 - is the width of the emergency area, m;

Dop= L = 290 _ 0045; D=L = 22— (023 - s the people flow
density;

v, =100 - is the average speed of the people flow, m/min;

11+1 4.93+6.45 .
=1 2= = 0.114 min;

t
2 V1 100
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The third area goes from the first welding area to

the second area.

N3 =1 - is the number of people on the emergency

area;
f = 0.1 - is the average man projection, m?;
I3 =11.6 - is the length of the emergency area, m;

bs; = 0.9 - is the width of the emergency area, m;

N3 f 1-0.1
D3 = 37—

= 0.001 - is the people flow

density;

v3 = 100 - is the average speed of the people flow,
taken from the reference table in dependence on

the people flow density, m/min;

tz=2 = 26 _ 0116 min:
v, 100

Figure 6.3. Third emergency area.

The total time of the first part of the evacuation plan:

t1 +t, +13=0.072 4+ 0.114 + 0.116 = 0.302 min = 18.12 sec
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The fourth area goes from the Terra Joint zone.

3062 =

0530 40 B 006 4400 3 M 006 0 000 9600 S48 400 1 20 s

Figure 7.3. Fourth emergency area.

N4 =1 - is the number of people on the emergency area;

f = 0.1 - is the average man projection, m;

I, = 3.592+3.062 - is the length of the emergency area, m;

b, = 0.9 - is the width of the emergency area, m;

Dai=—2L = 101 _ 0031; Dyp= 2L = 2L = 0,036 - is the people flow
’ 14’1'174, 0.9-3.592 ! l4‘z'b4 0.9 -3.062

density;

v4 =100 - is the average speed of the people flow, is taken from the reference

table in dependence on the people flow density, m/min;

ly1+1 3.592+3.062 .
ty = 222 = = 0.067 min;
V4 100
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The fifth area goes from the PD zone.

L)
T DR R ——

- 4840

N
N\
\

] / N g \
@) LS S
Welding Unit L K

Figure 8.3. Fifth emergency area.

Ns; =1; N5, =2 - is the number of people on the emergency area;
f = 0.1 - is the average man projection, m;
ls = 2.46 + 4.84 - is the length of the emergency area, m;

bs = 0.9 - is the width of the emergency area, m;

D5’1: N5,1'f — 101 — 0.045’ D512: Ns‘z'f — 201

= 0.046 - is the people flow
l5‘1'b5 0924'6 15,2'b5 09 4—84—

density;

vs = 100 - is the average speed of the people flow, is taken from the reference

table in dependence on the people flow density, m/min;

lsq1+1 2.46+4.84 .
ts = 2122 = = 0.073 min;
Vs 100
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The sixth area goes from the fourth and fifth areas.

9262

Figure 9.3. First emergency area.

Ng =2 - is the number of people on the emergency area;
f = 0.1 - is the average man projection, m

ls = 13 + 9.252 - is the length of the emergency area, m;

bs = 0.9 - is the width of the emergency area, m;

_ Ngf 2:0.1
De = =
lebg  0.9:(13+9.252)

= 0.01 - is the people flow density;

Ve = 100 - is the average speed of the people flow, is taken from the reference

table in dependence on the people flow density, m/min;

tg = & = 2252 _ (232 min;
Ve 100 ’

The total time of the first part of the evacuation plan:

tg +t5 + 1t = 0.067 + 0.073 + 0.232 = 0.373 min = 22.35 sec
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3.5 FIRE RISK CALCULATION
ANALYSIS OF THE PROTECTION OBJECT FIRE DANGER

The object is a separate three storey building without the basement. The

functional fire danger class of this building is F5.1.

The building of the object corresponds the Il level of fire resistance and CO

structural fire danger class.

The plan of the building is rectangular with the dimensions 72 x 84 m.
The total square of the building is 6 138.96 m?.

The building volume is equal to 82875.96 m>.

The content of the building includes the welding production factory which has
the 5.1F class of the functional fire danger; the office premises, which have 4.3F

class of the functional fire danger; the storage premises which have 5.2F.

The building consists of the five fire prevention compartments which are
separated from each other by the fire resistant wall of the Il type with the

maximum fire resistant REI 45.

In the building premises the general exchange supply ventilation system is

provided. Ventilation works with the natural and mechanical stirring.
Heat supply is provided from the municipal heating networks.
The premises’ heating system is the central water.

Heat transmittance is provided by the water with the high temperature which is
equal to 90-70 °C.

In the structure of the building the internal fire water system is applied.

The building electricity is provided in accordance with the technical conditions of

the power supply reliability of the Il category.
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The protection from the direct lighting strikes, from its secondary consequent
factors of action and from the static electricity is provided in accordance with
S0-153-34.21.122-2003 “Instruction for the lighting protection system

installation on the buildings, facilities and industrial communications”.

In view of the type of the flammable load (solid combustible substances and
materials, gas cylinders) the temperature regime of the possible fire will be
approximately the same as the standardized value for such type of the building
purpose. As a result the building structures will serve during the time

corresponding the fire resistance.

The fire spread through the building structures is provided by the fire danger of
the basic design elements. Considering these facts it can be assumed that the
possibility of the fire spread through the main structural elements of the building

IS quite low.

In case of the fire ignition in the building premises the rapid distribution of the
combustion products through the total volume of the fire areas, adjacent areas,
evacuation routes is possible. This fact may pose a threat to the people health

and life.

3.6 ESTIMATION OF THE FIRE DANGEROUS SITUATIONS’
FREQUENCY

The frequency of the fire dangerous situations’ implementation is determined by
the frequency of the fire occurrence in the building during the whole year (Qp):

For the industrial premises (scenario 1):

Q,=4 x 107, (11.3)
For the storage premises (scenario 2):

Q,=4 x 107, (12.3)
For the administrative premises or offices (scenario 3)
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Q,=4 x 10> (13.3)

The placement of the flammable materials and objects (flammable load) in the
premises is provided in dependence with the functional role of the premises and
the special features of the saving objects.

3.7 CREATION OF THE DANGEROUS FIRE FACTORS FIELDS
CHOICE OF THE SCENARIOS OF THE FIRE DISTRIBUTION

The placement of the flammable materials and objects (flammable load) in the
premises is provided in dependence with the functional role of the premises and

the special features of the saving objects.

The worst scenario of the fire distribution can be characterized by several main

features:
e the worst conditions of the people evacuation;
¢ the highest dynamics of the fire dangerous factors’ growth.

The case of ignition in the welding production factory the premise number 1.3

on the first floor is considered.

The flammable load in case of ignition in the factory premise includes several

gas cylinders with the oxygen and acetylene; wooden packing materials.
The average value of the flammable load, g, mkal/m?, is equal to 100 mkal/m?.

The following facts must be considered for the estimation of the evacuation

ways’ locking time:

e the fire premise doors stay open and as a result the combustion
products enter the adjacent premises;

e the calculations are made with the use of average flammable load

which is introduced in the reference data;

e the geometrical position of the flammable load in the premises does
not affect the mass and heating exchange with the environment
through the open apertures and thermal transmittance to the building

structures;
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¢ the discrete of the calculations on time is accepted 5 s.

Initial values:

e Initial pressure at zero — 101325 Pa;

e Initial lighting — 50 Lk;

e Initial oxygen concentration - 21% of the total volume;

e Initial nitrogen content - 0,878 kg/kg;

e Initial oxygen content - 0,267 kg/kg;

e Specific isobaric heat capacity - 100,24 J/kg*K;

e Molar mass of the air - 28,84 g/mol.

Table 3.3. Characteristics of the flammable load.

1. Textile

Factor Value
Lower heat of the combustion, kJ/kg 16700
Linear fire velocity, m/s 0,0071
Specific rate of burnout, kg/m#s 0,0244
Smoke-forming ability, H*m“/kg 60,6
Oxygen consumption, kg/kg 2,5600
Gases emission

CO,, kg/kg 0,8790
CO, kg/kg 0,06260
HC,, kg/kg 0,0000
2. Packing: paper, cardboard, wrapper

Lower heat of the combustion, kJ/kg 23540
Linear fire velocity, m/s 0,004
Specific rate of burnout, kg/ms 0,0132
Smoke-forming ability, H*m?/kg 172
Oxygen consumption, kg/kg 1,7
Gases emission

CO,, kg/kg 0,697
CO, kg/kg 0,112
HC,, kg/kg 0,0037
3. Wooden wrapper

Lower heat of the combustion, kJ/kg 20710
Linear fire velocity, m/s 0,01
Specific rate of burnout, kg/m*s 0,018
Smoke-forming ability, H*m“/kg 155
Oxygen consumption, kg/kg 1,52

Gases emission




CO,, kg/kg 0,97
CO, kg/kg 0,094
HC,, kg/kg 0,0046
4. Furniture and paper

Lower heat of the combustion, kJ/kg 14000
Linear fire velocity, m/s 0,042
Specific rate of burnout, kg/m**s 0,0129
Smoke-forming ability, H*m?/kg 53
Oxygen consumption, kg/kg 1,161
Gases emission

CO,, kg/kg 0,642
CO, kg/kg 0,0317
HC4, kg/kg 0,0000
5. Gases cylinders

Lower heat of the combustion, kJ/kg 56190
Linear fire velocity, m/s 6,2
Gas emission

CO,, kg/kg | 6

Table 4.3. Ultimate limit dangerous fire factors values.

Factors Values
1 Temperature value, °c 70
2 Partial oxygen value 0,226
3 | CO, content, kg*m® 0,11
4 | CO content, kg*m?® 1,16x107
5 | HCL content, kg*m® 23x10°

The ultimate limit values in terms of the "sight loss" are taken equal to the

maximum horizontal linear dimension of the considering premise. The smoke

optical density in normal terms depends on the limited visibility distance:

lim = 2.38 / h, where the h - is the smoke optical density indicator;

h= 2.38/||im

For the cabinet | ;1 = 8.888 m.

For the main factory premise | jm2 = 44.014 m.

h,; = 2.38/8.888=0.268, m™*

h, = 2.38 / 44.041= 0.054, m™*
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3.8 RESULTS OF FIRE MODELING USING THE PROGRAM
CFAST (THE CONSOLIDATED MODEL OF FIRE AND SMOKE
TRANSPORT)

For the illustration of the heat, hot gas release and the transmittance possible
situation the following charts are introduced. They describe the changes in the

premise microclimate in terms of the fire occurrence in the main factory

premise.
0.06 Floor heat flux vs. time Heat release rate vs. time
0.05 400
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= =
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Figure 10.3. Fire modeling results.
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3.9 CALCULATION OF THE FIRE DANGER RISK VALUE

The design value of the fire risk in the building:

Qy = max {Qyq, ..., Qyis -, @y}, (14.3)
where

Qv —is a design value of the fire risk for the fire scenario number I;

N — a number of considered scenarios

The design value of the fire risk, Qy,, for the scenario number i:

Qui= Qpi - (1= Kapi) = P (1=Pej) - (1= Kpzi) , (15.3)

where

Qp,i— is a frequency of the fire occurrence inside the building during one year;
Kap,i - is a coefficient which corresponds to the level of readiness and
performance of the fire equipment; in this case this coefficient is equal to O;

P o1 — the possibility of the people presence inside the building;

P o1 = tunc/24 , (16.3)
where

trunct — IS @ time of people presence inside the building and is equal to 16 hours.

P pri = tanc/24 = 16/24 = 0.67, (17.3)

Pe, — is the possibility of people evacuation;

Kozi — is the coefficient which depends of the level of the fire prevention system
work and performance with the purpose to find out its correspondence to the
standardized model of such system in case of people evacuation.

Kpzi =1 = (1 = Kopn * Ksoue) * (1 = Kopn * Kpaz) , (18.3)

where

Kobn — IS the coefficient which takes in to account the correspondence of the fire

alarm system to the standardized requirements of the fire safety. In this case is

equal to 0.
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K soue — IS the coefficient which takes in to account the correspondence of the
warning people system to the standardized requirements of the fire safety. In
this case is equal to O.

Kodz — is the coefficient which takes in to account the correspondence of the
smoke prevention system to the standardized requirements of the fire safety. In
this case is equal to O.

Kpzi =1 — (1 — Kobn * K soue) * (1 = Kobn = Kpdz) =0

Qui=Qpi- (1—Kap,) " Ppri- (1—=Peji) - (1 —Kpzi) =0.04-(1-0)-0.67 - (1-
0.999) - (1-0)=2.68-10°

Conclusion:

The result is unsatisfactory. The fire alarm system must be developed.
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4. OCCUPATIONAL SAFETY

All types of the works on the factory are to be performed in accordance with
the relevant standardized guidelines.

The employer should organize the relevant trainings for the workers during
one month after their hiring. Those trainings must provide the necessary
information about the type of the works which will be performed by the
employees, the safe method of that performance, hazards which may
threaten the workers. Further during the working process the periodical
trainings and the examination of the occupational safety rules are to be

organized by the employer for the worker at least one time in three years.

For the workers of the Peikko’s factory several standard instructions are to be

developed in accordance with the type of their job.

HIRING

MEDICAL CERTIFICATION

INITIAL TRAINING

INITIAL TRAINIG ON THE

WORKPLACE

TRAININGS/EXAMINTIONS

(1 time on 3 years)

Figure 1.4. Preparation for the work new employees.
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4.1 GENERAL REQUIREMENTS

Persons who are allowed to independent operation of the auto-loader are not
to be less than 18 years old, they are aware of the theoretical and practical
aspects of their work, they have already passed the examination and have

the certificate on the relevant right of the auto-loader operation.

Before the admission to work auto-loader drivers have to pass physical
examination, induction on safety of work, initial instructing on a workplace
and obtain the practical knowledge about the safety auto-loader’s operation

way.

The results of the examination and skills, which were obtained at instructing,
are to be made out by the entry in the initial training’s log.
In case of some contraindications of the former work’s performance in view of
the health’s state according to the medical certificate the auto-loader’s driver

Is transferred to another workplace.

During the work process possible dangerous and harmful production factors

may threaten the worker:
e moving cars and mechanisms;
e moved and stored freights;
« high dust concentration in the working air;
« lowered air temperature of the working zone;

« insufficient illumination of the working zone;

sharp edges of the equipment’s surface and tool.

Auto-loader’s drivers are to be provided with the individual protection items

according to the working conditions:
e cotton overalls;

e rubber boots;
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e combined mittens.
At external works in winter time:
e cotton jacket and trousers on the warming laying.

During the loading and unloading works and transporting freights it is
necessary to adhere to the accepted technology of the cargo handling. It is
not allowed to apply the accelerating performance’s ways which lead to the
violation of safety requirements.
It is prohibited to operate faulty loaders. Responsible person for the

maintenance of load-lifting cars is the driver or the production manager.

The auto-loader must always be clean. In the cabin there should not be any
foreign subjects. Tools and all necessary details have to be put away in
special places.
In winter time it is necessary to look after that the territory of the work's

performance is cleaned of ice and snow.

In dark time with the lack of the sufficient artificial illumination of storage zone
drives the driver has to stop the work and inform the responsible for the safe
works on this zone person.
Drivers have to control the frequency of auto-loader's maintenance and if it is
needed inform the responsible person about it.
During the work time it is necessary to observe the correct meal schedule,
work and rest schedule. It is necessary to have a rest and smoke only in

specially taken away places.

When driving through the territory of the enterprise it is necessary to use only
the established drives. Speed of movement on the territory should not
exceed 10 km/h and in the premise area 5 km/h.
Before the work's start drivers have to check the serviceability of the
personal protection items; to investigate the roads, drives on which the
freight's transportation will operate; to check the serviceability of a freight
elevator; to be convinced of chains' damages' absence and serviceability of

their fastening to a frame and the freight elevator carriage, to check by
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external survey welded seams of top arms, chains, reliability of fingers'
fastening, hinges of levers and also the operation of all auto-loader's
mechanisms; to check the tires' condition and pressure inside them; to
investigate the engine; to check whether it is the fuel's leak from a tank,
pump and cranes, to check the brake fluid's in the main cylinder and also
whether flexible hoses are damaged; to check action of foot and manual
brakes, to make their adjustment if it is needed; to check the serviceability of
steering's amplifier, connection of steering levers and drafts and also
spherical fingers of the amplifier; to be convinced of correct action of a sound
signal, a stoplight and lamps of turns, switches of light of headlights, a back
lamp; to check operation of lifting and inclination of a frame of a freight
elevator.

The norm of the loads transport on a flat and horizontal surface per one
person should not exceed 50 kg, freight with a mass exceeding 50 kg must
be transferred by at least two workers.
It is necessary to transfer lengthy materials (logs, pips, etc.) by special
captures and adaptions.
In order to avoid an accident and for ensuring convenience of the subsequent

cargo handling heavy subjects should be established on special linings.

The distance from a warehouse wall to a stack has to be equal to 0.6...1.0 m.

Sheet steel, channels and high-quality steel are to be put in a stack up to 1.5 m

high with linings and laying.

To the works with the hydraulic press only those persons are accepted who

have passed the introduction and initial trainings and are aware of the safety

methods of the work’s performance.

Workers are undergone by the preliminary medical commission after their

hiring.

At the beginning on the working process the worker has to put on the safety

wear and the individual protection items.

88



The worker has to check and prepare his working place; to ensure sufficient
lighting of his working place.

The hydraulic press must be fixed on the floor surface. Its press corps must not
have cracks or any other damages; manometer of the hydraulic press’s working
pressure must be serviceable; the working zone directed to the side aisles of
other equipment must be securely fenced by the protective screen; row
materials should not have a tendency to fracture; cylinder should not miss the

working fluid.

For the gas welding operation only the persons up to 18 are accepted who
passed the medical examination and are trained for the safety methods and

technical application to the gas welding.
Each welder must be familiar with the requirements of the general guidelines.

Factory’s administration must provide the working process with the relevant

working conditions and equipment for the safe working practices.

If the welding works are performed near the electrical wires and cables the latter

are to be protected from possible contact.

The working place of the gas welder must be sufficiently illuminated, it is
allowed to use 12 v lamp in case of the lack of the light.

Before the works start the working place’s conditions and individual protection

items are to be investigated.

Gas welding must be operated with the use of the special clothes and the rein

made of fireproof material.

For the eyes and face protection special masks are to be applied. Special
clothes must be dressed in such a way that there are no hanging or waving
edges. The jacket’s pockets are to be closed by the valves. The hair should be
removed under the hat.

The gas cylinder must be thoroughly inspected: its date of the hydraulic test and

its general condition.
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The welder must ensure the serviceability of the manometer's hoses, gears,
torchers and cutting torchers. He also has to inspect the hoses and the right

way of the connection to the gas cylinder, gearboxes and burners.

The welder has to check the availability and serviceability of the fire-fighting
equipment. Work in case of their absence is prohibited. Moreover he has to

check the availability and serviceability of the ventilation system.

Gas cylinders are to be possessed in places far from the aisles and transport’s

passage. In case of the vertical installation they are to be fixed.

For the gas cylinders’ transportation a cart or a stretcher must be applied.
Transportation of the gas cylinders must be provided with screwed caps on

them.

Oxygen cylinders are to have blue color with the relevant sign “Oxygen”,

acetylene cylinders are to have white color with the sign “Acetylene”.

It is prohibited to drop or subject to shock any gas cylinders. Besides it is

unacceptable to lean against cylinders with wires, electrical lines etc.

Passages between the multistation welding units of the welding must be at least
1.5 m. Passages between the monostation welding units must be at least 1 m.
The distance between the fixed welding unit and wall or column should be at

least 0.5 m.
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SUMMARY

The purpose of the thesis was to make an attempt to develop the safety system
on the welding production on an example of Peikko Company and estimate the
working conditions on the factory. Different aspects of the working process were
considered. Due to the fact that no measurements of indoor microclimate
parameters were made and all initial values were taken by the use of the visual
estimate and reference materials it can be said that the final results are
approximate but quite near to the real ones. In fact real measurements are

allowed to be performed only by the specialists in the relevant field.

In accordance with the completed work it can be said that the production
process needs to be improved. Some results were unacceptable and implied a
threat to the people’s life. But in the view of this fact, that this factory has been
operating a very short time, even its building is new, it can be said, that now

everything is developing on this production quite rapidly.

A great experience was obtained during the thesis writing and wide a range of

reference materials, Norms and Standards was studied.
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APPENDIX 1
1(3)

SAFETY SIGNS
3HAKU BE3OINACHOCTH

3anpeLuaroime 3Haku

3anpeLyaeTcs KypuTb
CwmbicnoBoe 3HaveHue: 3anpellaeTcs KypuTb

HOKYMeHT: FOCT P 12.4.026-2001
O6o3HaueHue (kon): P 01

CurHanbHbIN LBeT: KpacHbi
KoHTpacTHbIN uBeT: benbin

PekomeHAaaLum No NpUMEHEHMIO:

Ncnonb3oBatb, korga KypeHme MoxeT cTaTb NPUYNHON noxapa
MecTo pasmelueHus:

Ha aBepsix n cTeHax NoMeLLeHui, yqacTkax, rae MMerTCs roproyme 1
nerkoBocnraMeHsLLmMecs BewecTsa, Ui B NOMELLEHUsX, rae KypuTb
3anpellaetcs

MaTtepuanbi Ans U3rotoBreHUs 3Haka:

caMoOKnerLaacs nneHka, Heroptoumn nnactuk NBX, meTtann
PekomeHayeMbie pa3Mepbl, MM (AuameTp Kpyra):

50, 80, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650

3anpeu.|.aeTc;| nosfib3oBaTbCsA OTKPbITbIM OrHEM U KYPUTb

CMbicrnoBoe 3Ha4yeHue: 3anpewaeTcs
Nonb30BaTbCA
OTKPbITbIM OrHEM U
KYpUTb

[JOKyMeHT: FOCT P 12.4.026-2001

O603Ha4yeHue (koa): P 02

CurHanbHbIN UBeT: KpacHbIn

KoHTpacTHbIN uBeT: Benbin

PekomeHaauum no npuMeHeHuo:

Mcnonb3oBaTtb, kKoraa npuMeHeHNe OTKPbITOrO OFHS U KypeHue MOXET CcTaTb
NPUYNHON Noxapa

MecTo pasmewieHuUs:

Ha BxogHbIX ABEPAX, CTEHAX MNOMELLEHUN, y4acTKax, paboymx mecrax,
€MKOCTAX, MPON3BOACTBEHHON Tape

MaTepuanbl Ansa U3roToBreHUA 3HaKa:

camMokrierLasics nneHka, Heroptodnn nnactuk MNBX, metann
PekomeHayemMble pa3mMmepbl, MM (QuameTp Kpyra):
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50, 80, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650

MNMpoxop 3anpelyeH

CMbicnioBoe 3HauYeHue: lMpoxon 3anpeLyeH
LLoKyMeHT: FOCT P 12.4.026-
2001
O6o03HaueHue (kon): P 03
CurHanbHbIN UBeT: KpacHbIn
KoHTpacTHbIN LuBeT: Benbin

PekomeHAaauuu no npuMeHeHuIo:

B mecTtax ¢ onacHbiMK 30Hamu

MecTo pasmelueHuUs:

Y Bxofa B onacHble 30Hbl, MOMELLEHUS, y4acTKv U Ap
MaTtepuanbi Ans U3rotoBreHUs 3Haka:

camMoKnetrLancs nneHka, Heroptoumn nnacTtuk NBX, meTtann
PekomeHayemMbie pa3Mepbl, MM (AuameTp Kpyra):

50, 80, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650

3anpewaeTca TyLUMTb BOAOWM

3anpellaeTcs TYLWUTb
CmbicnoBoe 3HaYeHue: peLy y

BOJOM
[okyMmeHT: FOCT P 12.4.026-2001
O6o03HayeHune (koa): P 04
CurHanbHbIN LBeT: KpacHbin
KoHTpacTHbIN uBeT: Benbin

PekomeHpgauum no NMPUMEHEeHUIo:

B mecTax pacnonoxeHus anekTpoobopyaoBaHus, ckrnagax u Apyrmx mecrax,
rae Henb3s NPUMEHSATb BoAy NPU TYLLEHUM FOPEeHNUst UNn noxapa

MecTo pasmelueHus:

B mecTax pacnonoxeHusi anekTpoobopyaoBaHus, ckrnagax u Apyrmx mecrax,
rae Henb3s NPUMEHSATb BoAy Npu TYLLEHUM FOPEeHUst UNn noxapa

MaTepunanbl Ans N3roToBJIeHUA 3HaKa:

caMoKnerLaacs nneHka, Heroptoumn nnacTtuk NBX, meTtann
PekomeHayemble pa3mMmepbl, MM (QuameTp Kpyra):

50, 80, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650
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3anpeujaeTca Ucnonb3oBaTb B KayecTBe NUTLEBOW BOAbI

3anpeluaeTcs

1MCnonb30BaTh B
CMbIicnoBoOe 3HaveHue:

KayecTBe NUTbEBON
BObI
[okymeHT: FOCT P 12.4.026-2001

O6o03HaueHune (kon): P 05
CurHanbHbIN LBeT: KpacHbin
KoHTpacTHbIN UBeT: benbin

PekomeHaauuu no npuMeHeHuIo:

B mecTtax pacnonoxeHus Tex BOAONPOBOAOB U EMKOCTEN C TEXHUYECKON
BOJOW, HE NPUrogHbIX ANs NUTbS

MecTo pasmelueHuUs:

Ha TexHn4eckom BOOONPOBOAE M EMKOCTAX C TEXHUYECKOW BOJOW, HE
NPUrogHOM AN NUTbA N BLITOBLIX HYXA,

MaTtepuanb! Ansa n3rotoBrneHNUA 3Haka:

caMoOKnerLaacs nneHka, Heroptoumn nnactuk NBX, meTtann
PekomeHayemMbie pa3Mepbl, MM (AuameTp Kpyra):

50, 80, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650

,U,OCTyI'I MOCTOPOHHUM 3anpeLwieH

OCTYI NMOCTOPOHHUM
CMbIicnoBoOe 3HauYeHue: Hocry P

3anpeLueH
m [JOKyMeHT: FOCT P 12.4.026-2001
@ O603HaueHune (koA): P 06
B CurHanbHbIN UBeT: KpacHbin
KoHTpacTHbIM UuBeT: Benbin

PekomeHaaLmMu no npuMeHeHuIo:

[nsa o6o3HavyeHus 3anpeTta Ha Bxog (Mpoxoa) B onacHble 30Hbl Unn ans
obo3HaveHus cnyxebHoro Bxoaa (npoxoaa)

MecTo pasmelueHuUs:

Ha aBepsix nomeleHun, y Bxoga Ha 00bekTbl, y4acTku 1 T.M., 418 0603HavYeHus
3anpeTa Ha Bxop, (NpoxoA4) B onacHble 30HbI UnNu ang 0603HayveHus cnyxebHoro
BxoAa (npoxopaa)

MaTtepuanb! Ansa u3rotoBreHUA 3Haka:

camokrieroLasacs nreHka, Heroptoumm nnactuk MNBX, metann

PekomeHayeMble pa3mepbl, MM (QuameTp Kpyra):

50, 80, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650
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3anpeu.|,aeTc;| ABUXeHue cpeaAcTB HaNoJIbHOrNo TpaHCcMnopTa

3anpelaeTcs
CMbicnoBoe 3Ha4yeHue: ABWXEHne cpeacTs
HanoJSIbHOro TpaHcnopTa
[JOKyMeHT: OCT P 12.4.026-2001
O6o03Ha4eHune (kon): P 07
CurHanbHbIN UBET: KpacHbin
KoHTpacTHbIN UBeT: benbin

PekomeHAaaLmMmn no npuMeHeHuIo:

B mecTtax, rge 3anpelyaeTca NpMMeEHATbL CpeacTBa HamnosbHOro TpaHecnopTa
(Hanpumep, NOrpy3vMKM UK HarnosibHbIE TPaHCNopTEPbI)

MecTo pasmelueHus:

B mecTtax, rge 3anpeliaeTca NpMMeEHATbL cpeacTBa HanosbHOro TpaHcnopTa
(Hanpumep, NOrpy3vMKM UK HarnosibHbIE TPaHCMopPTEpPbI)

MaTtepuanbi Ans U3rotoBreHUs 3Haka:

caMoOKnerLaacs nneHka, Heroptoumn nnacTtuk NBX, meTtann
PekomeHayeMbie pa3Mepbl, MM (AuameTp Kpyra):

50, 80, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650

3anpeu.|,aeTc;| npuKacaTbCHl. OnacHo

c . 3anpeluaeTca
MbICNOBOE 3Ha4YeHue:

npukacaTtbcs. OnacHo
[oKyMmeHT: MOCT P 12.4.026-2001
O603HayeHune (koa): P 08
CurHanbHbIN LBeT: KpacHbin
KoHTpacTHbIM UuBeT: Benbin

PekomeHAaLmMm No NpUMEHEHUIO:

Ha obopynoBaHun (y3nax obopygoBaHus), ABepLax, Wwutax unm gpyrmx
NOBEPXHOCTSX, MPUKOCHOBEHUE K KOTOPbIM ONACcHO

MecTo pa3smelueHus:

Ha obopynoBaHun (y3nax obopygoBaHus), ABepLax, Wwutax unm gpyrmx
NOBEPXHOCTSHX, MPUKOCHOBEHUE K KOTOPbIM ONMacHO

MaTtepuanb! Ansa u3rotoBreHUA 3HakKa:

camMokrieroLasics nneHka, Heroptodnn nnactuk MNBX, metann
PekomeHayeMble pa3mMepbl, MM (auameTp Kpyra):

50, 80, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650
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3anpeu.|,aeTc;| npuKacaTtTbCHl. Kopnyc noa HanpsAaxeHuem
3anpeLluaeTcs

CMmbicnoBoe 3Ha4YeHue: npukacatbes. Kopnyc
noa HanpsbkeHuem

HoKyMeHT: OCT P 12.4.026-2001
O6o3Ha4yeHue (koa): P 09

CurHanbHbIN UBeT: KpacHbin
KoHTpacTHbIN LuBeT: Benbin

PekomeHgauuun no NMPpUMEeHeHUo:

Ha NOBEPXHOCTU KOPMyCOB, WNTOB U T.M., rae €CTb BO3MOXHOCTb Nopa>keHn4d
ANEKTPNYHECKM TOKOM

MecTo pasmelueHus:

Ha NOBEPXHOCTU KOPIMyCOB, WNTOB U T.M., rAe €eCTb BO3MOXHOCTb NMOopa*KeHn4d
QNEKTPNYECKMM TOKOM

MaTtepuanb! Ansa u3rotoBreHNUA 3Haka:

caMoKnetrLasacs nneHka, Heroptoumn nnactuk MNBX, metann
PekomeHayeMble pa3mepbl, MM (QuamMeTp Kpyra):

50, 80, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650

He BknovaTb!

CmMbicnioBoe 3Ha4YeHue: He Bknto4yaTthb!
[oKyMeHT: OCT P 12.4.026-
2001
O6o03HaueHune (kon): P10
CurHanbHbIN LBeT: KpacHbin
KoHTpacTHbIN uBeT: benbin

PekomMeHaauum no NnpuMeHeHuIo:

Ha nynbTax ynpaBneHus n BKIoYeHMUs 060pynoBaHMs UM MEXaHU3MOB, Npu
PEMOHTHbIX W NMyCKO-Hanago4Hblx paboTtax

MecTo pa3smelueHus:

Ha nynbTax ynpaBneHus n BKIoYeHMs 060pyaoBaHMs UM MEXaHU3MOB, Npwn
PEMOHTHbIX W NMyCKO-Hanago4Hblx paboTtax

MaTepunanb! Ans N3roToBJfIeHMA 3HaKa:

camMoKnetrLaacs nneHka, Heroptoumn nnactuk NBX, meTtann
PekomeHayemble pa3mMmepbl, MM (QuameTp Kpyra):

50, 80, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650
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3HAKU BE3OINACHOCTW. NPEAYNPEXAOAIOLIUE

3HAKUA
Mpeaynpexpgarowme saHaku

MNMoxapoonacHo. JlerkoBocnsnameHsOLWMecs BelecTBa
MecTo pa3sMeleHnda n pekomeHgauumm rno rnpuMmeHeHM: UCrnosb3oBaTb ANA
npmenevyeHnd BHUMaHnA K noMeeHnAM C JNIeErkoBocCrjiaMeHALWLNMMNCA
BelwecTBamMun. Ha BXOOHbIX ABepAX , ABepLUax LIJKa(*)OB , EMKOCTAX N T . 4.

B3pbiBOOnacHo
MecTto pasMeleHnda n pekomeHgauumm rno rnpuMmeHeHunr: UCnornb3oBaTb A5A
npmenevYyeHnd BHUMaHNA K B3PbIBOOMNAaCHbIM BELLECTBAM, a TAKXKe K
noMeLeHNAM 1N ydaCTKaM. Ha BXOOHbIX ABEPAX, CTEHaX NoMeLleHnd, oepuax
WwKadoB u T. 4.

>

OnacHo. AagoBuTtble BelwecTBa
MecTto pasMeleHnda n pekomeHgauumm rno rnpuMmeHeHmro: B MeCTax XpaHeHU4A ,
BblaeJieHna , npon3BoacTBa U npuMeHeHnd A00BUTbIX BELLECTB

>

OnacHo. E.D,KVIe N KOPPO3NOHHbLIE BellecTBa
MecTo pasmelleHns 1 pekoMeHdaumm no NpMMEHEHNIO: B MECTax XpaHeHus |
BblOENEeHNs , NPOU3BOACTBA U NPUMEHEHUS €KUX U KOPPO3UOHHbBIX BELLECTB

B>

OnacHo. PagunoakTuBHble BewecTBa U MOHU3UpyoLlee

usny4yeHue
MecTo pa3melLleHust 1 pekoMeHgaunm no NPUMEHEHNI0: paanoakTUBHbIE
BELLIECTBA UM MOHU3UPYIOLLIEE n3nyYyeHne Ha aBepsx noMeLleHun , agepuax
WKadoB 1 B ApYrMx Mectax , rae HaxoasiTCa U NPUMEHSATCS paanoakTUBHbIE
BELLIECTBA UM UMEETCHA NOHU3MPYIOLLEe nany4veHne. [lonyckaeTcs NpUMEHNATb
3HaK paguaumoHHon onacHoctu no NOCT 17925.
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3HAKU BE3OIMNACHOCTW. NPEANMUCbLIBAIOLLUE
3HAKH

I'Ipe,qn ncbiBakoLline 3HaAKn

©

PaboTtaTtb B 3alLUMUTHbLIX O4YKax
MecTto pasMeleHnda n pekomeHgauumm rno npuMeHeHM: Ha pa6oq|/|x MecCTax n

PaboTaTb B cpeAcTBax MHAMBUAYaNbLHOMW 3aWUThbl OPraHoB

AblIXaHusA
MecTo pa3meLLeHnss 1 pekoMeHaaumm no NPUMeEHEHMIo: Ha paboynx mecTax u

PaboTtaTb B 3awutHOM 0O6YyBM
MecTto pasMeleHna n pekomeHgauumm rno npuMeHeHmo: Ha pa6oq|/1x MecTax 1
y4yacTkax , rae HeobxoanumMo NpUMEHATbL CPeACcTBa MHANBMAYANbHOW 3aLLNTbI
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3HAKN BE3OMACHOCTWU. 3HAKU NOXXAPHOM
BE3OMNACHOCTHU

3HaKu noxapHou 6e3o0nacHoOCTH

HanpaBnsarowasn ctpenka
MecTo pasMeleHnda n pekomeHgauumm rno rnpuMmeHeHuMr: UCMNosib30BaTb TOJIbKO
BMECTe C ApYrMMn 3HaKamum noxxapHon 6e30nacHOCTM Ans ykasaHus
HanpaselieHnA OBUXKEeHUA K MEeCTY HaxOXXOAEeHUA (pasmeu.l,eHme) cpeacrtea

NPOTMBOMOXXapPHOWN 3aLUnThI

HanpaBnsiowas cTtpenka nog yrrnom 45°
MecTto pasMeleHnda n pekomeHgauumm rno npuMmeHeHunro: UCMNosb30BaTb TOJIbKO
BMECTE C APYrMMM 3HaKamm noxapHon 6e3onacHOCTM Ans ykasaHus

HanpaBfieHUs ABMXXEHUSA K MECTY HaxoXaeHus (pasmelleHune) cpeacTtsea
NPOTMBOMOXXaPHOWN 3aLLnTbI

e

MoxapHbIN KpaH
MecTto pasMeleHnda n pekomeHgauumm rno npuMeHeHn: B MeCTax HaxoxXgeHuns
KOMMEeKTa NoXXapHOro KpaHa ¢ noXxapHbiM pyKkaBOM U1 CTBOJSIOM

MNMoxapHaa necTtHMuUa
MecTto pa3mveleHna n pekomeHgauumm no nNpMMEeHEeHM0: B MeCTax HaxoXgeHna

NoXXapHOW NECTHULbI

OrHeTtywuTenb
MecTto pa3meleHna n pekomeHgauum no npMMeHeHMo: B MeCTax pasmMmeLleHns
OrHeTyLmnTend
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3HAKU BE3OMNACHOCTWU. 3BAKYALUOHHBIE 3HAKU U 3HAKU
MEOUWUUHCKOIo " CAHUTAPHOIO HASHAYEHMUA
OBaKyaLUUOHHbIe 3HaKN U 3HaKW MeAULIMHCKOro u caHMTapHoro
Ha3Ha4eHunA

Bbixon 3aechb (NeBOCTOPOHHUN)
MecTo pa3smelleHnst U pekoMeHgaumm no NPUMEHEHMIO: Haa ABepsaMM (Ha
ABEPSX) 9BaKyaLMOHHbIX BbIXOA0B, OTKPbIBAKOLMXCH C NNEBOV CTOPOHbLI. Ha
CTEeHax NoMeLLeHUn BMECTE C HanpaBnsALLEN CTPENKON ONA YKasaHUs
HanpaBneHnsa OBUWKEHUS K 9BaKyaLMOHHOMY BbIXo4y

ki

Bbixopn 3aech (MpaBOCTOPOHHUN)
MecTto pasMeleHnda n pekomeHgauumm rno npuMmeHeHM: Haa aBepAamMun (Ha
ABEpPSAX) 3BaKyaLMOHHbIX BbIXOAOB, OTKPbIBAKOLLMXCSA C NpaBOM CTOPOHbI. Ha
CTeHax I'IOMGLLI,GHI/IPI BMeCTe C Hal'lpaBJ'IFHOUJ,eI7I CTpeJ'IKOﬁ 04 yKa3aHud
HanpaslieHNA OBMXXEHNA K 3BaKyalMOHHOMY BbIXoa4y

HanpaBnsrowasn ctpenka
MecTo pasMeleHnda n pekomeHgauumm rno npmMeHeHunro: UCMNosb30BaTb TOJIbKO
BMeCTe C ApYrmMun 3BakKyaluMOHHbIMWX 3HAKaMn O514 YKa3aHUA HanpaBJieHNA
OBUXEHUA

HanpaBnsiowasn ctpenka nog yrnom 45°
MecTto pa3meleHna n pekomeHgauumm no rnNpMMeHeHMo: NCroJyib30BaTb TOJIbKO
BMeCTe C ApYrmMun 3BakyauMOHHbIMW 3HaKaMn O114 YKa3aHUA HarpaBlieHUd
OBUXEHNA

HanpaBneHMe K 3BakKyauMOHHOMY BbIX0oA4y HanpaBoO
MecTo pasmelleHns U pekoMeHaaumMm Nno NpMMEHEeHNIo: Ha CTeHax NoMeLLeHNIA
ANS yKasaHWs HanpasneHus ABMKEHMS K 9BaKyaLMOHHOMY BbIXoady

HanpaBneHue Kk 3BaKyaLMOHHOMY BbIXOA4y HaneBo
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MecTo pa3melleHns U pekoMeHaaunn No NPUMEHEHNIO: Ha CTEHAX MOMELLEHWUI
ANS yKasaHust HanpaeneHns ABMXKEHUS K 9BaKyaLMOHHOMY BbIXOAY

3HAKU BE3OIMTACHOCTWU. YKA3ATEJIbHbIE 3HAKA
YKa3aTanbl 3HaKu

MNMyHKT (MecTO) npuema numn
MecTo pasmelleHns n pekomeHgauum no NPUMEHEHUIO: Ha OABEPSIX KOMHAT
npuemMa nuwmn, bydgeTtax, CToNoBbIX, ObITOBLIX NOMELLEHUAX U B APYrMX MecTax,
roe paspeluaeTcst Npuem nuLLm

NMuTtbeBas Boaa
MecTo pa3melLleHns U pekoMmeHaaunm no NPUMEHEHUI0: Ha ABepsiX ObITOBbIX
NoMeLLeHN N B MecTax PacrnonoXeHns KpaHoB C BOAOW, MPUIrO4HON AN NUTbS
N BbITOBLIX HYX (TyaneTsl, AyLeBble, NYHKTbl NpUeMa nNuwun u T. 4.)

MecTo KypeHus
MecTto pas3meleHna n pekomeHgauunm rno npMMeHeHMo: NCNnosib3yeTcAa ans
obo3HavyeHnsa mecta KYypeHUA Ha O6LLI,eCTBeHHbIX obbekTax

PABOTATb 30ECbH

MecTo pa3meLleHns n pekoMmeHgaumm no NPUMEeHeHuo: Ans ykasaHus
paboyero mecta

BNE3ATH
30ECb

BJIE3ATb 3[ECb

MecTo pasmeLLeHnst 1 peKoMeHZauuy no NPMMEHEHWIO: ANs yKa3aHus
6esonacHoro nyTu NoagbemMa kK paboyemy MecTy, pacrnonoXeHHOMY Ha BbicoTe

3A3EMIIEHO
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APPENDIX 2
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OEACTEMA MFPH NOKAPE
COXPAHARTE CNOKOWCTBE!

CDOEWMTE MO TENESOHY 01 :

®  AQPEC DEBREKTA

*  MECTO BOSHMHHOSEHAR MOEAPA
* CEORD SAMANH

NJAH 3BAKYALWA B

13TAXK

CBAPOYHLIM LEX 000 -MNEWKKO-

ONPEJENWTE CBOE MECTOTNIONOMEHWE HA NNAHE
OEACTBYWTE MO MHCTPYKLMK

Q) onosEcTHTE mopsh
=l s HABMATE KHOMEY BENOUSHAR
MICHRAFHA ABTOMATIRM
»  MCONATE CHIHAR MEAoCoM

BEAKYAFYVTE FONSA

*  CFMEHTAEYRTECE N0 3HAKAM
HAMPASNEHWR [BVHEHAR

¥ CRANGATE NEPEFD MOAMCULE
MOCTPAQASLIKM

M0 ECEMOMHOCTH, NPHMHTE MEPGI

M0 TYILEHMH NCEARA

*  WCMON=3yWTE CPERCTEA
MPOTHECTIHAFHOR SALMTE

DEACTEWA MFKU ABAPHK
COXPAHARTE CNOKOWCTBE!

COOEINTE NO TENESOEHY 01 :
AOFEC OEBLEKTA

UTO NPOA3CILNG
HMEKITCR M NOCTRALASIME
CECHD SAMMANAD

MOKANKEYWTE ABAFPHID
*  NPEQOTBFATATE

¥, PAIEMTHE ASAPUK
/A *  WMCTICN=Z¥ATE CPERCTEA SALMTE

SEAKYHFYWTE
*  OFEMEHTASYRTECE Mo S-AMAL
HATPASNEHMA DBVE-IR
»  CCARGTE NEPEYRD MOMOULL
MOCTPAJQASBIIMM

YCNOBHEIE OEQOZHAYEHWA

H TIOHAPHON ABTOMATHKR | :Aag:wnm&gom-
HAMPAENEHHE [EVHEHHA
n OTHETYLUMTENS |- EEEFXEHHS N0 NECTHHUE
. MOMAPHEM HPAH | SEAKYALMOHHER BRNOI
MPU NMOXAPE = e
E TEREPOH SEAKY ALMOHHOMY BLLIOOY
3BOHUTb L B e
METALIAHE KOW NOMOLLMA SEAKY ALMORHHOMY ELLOOY
) . Bkl HAXOIMTECE 3[ECE

|
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