
SAFETY PROVISIONS IN THE  
ELECTRICITY ACTS AND RULES 

The Indian Electricity (IE) Rules, 1956 was made under section 37 of the 

Indian Electricity Act, 1910 and redefined after enactment of The Electricity 

Act, 2003. CEAR namely Central Electricity Authority (Measures relating to 

Safety and Electric Supply) Regulations, 2010 came into effect from 20th 

September 2010, in place of The Indian Electricity Rules, 1956.  
IE rules mainly dealt with  

 Appointment of inspectors & their duties 

 Licensing provisions. 

 General safety requirements 

 Conditions relating to supply and use of energy. 

 Electric supply lines and systems for LV & MV 

 Electric supply lines and systems for HV & EHV. 

 Overhead lines, underground cables and generating stations 

 Electric traction. 

 Precautions in mines & oil fields 

IMPORTANT STATUTORY SAFETY PROVISIONS 
• In every registered factory, where more than 250 KW of electrical load is connected, there 

SHALL BE A PERSON authorized by the management for ensuring the safety provisions laid 

under the Act and the rules made there under,  

• Shall periodically inspect such installation. 

• Get them tested & keep a record  

• Records shall be made available to the Inspector [or any officer of a specified rank and class 

appointed to assist the Inspector 

• All suppliers of electricity including generating companies, transmission companies and 

distribution companies shall appoint A SAFETY OFFICER for proper observance of safety 

measures in their organization in construction, operation and maintenance of power station, 

sub-station, transmission and distribution lines 

• No person shall be authorised under sub-rule (1) unless he is COMPETENT to perform the duties 

assigned to him and POSSESSES either an appropriate certificate of competency or permit to 

work. 

• Adequate ratings of the Electrical Installation ,Mechanical Strength, as per Indian Standards.-  All  

electric  supply  lines  and  apparatus  shall  be  of  sufficient  ratings  for power, insulation and 



estimated fault current and of sufficient mechanical strength, for the duty which they may be 

required to perform under the environmental conditions of installation, and shall be 

constructed, installed, protected, worked and maintained in such a manner as to ensure 

safety of human beings, animals and property. 

• Isolating (CUT OUT) arrangement by supplier 

• Identification system of earth and Earth Neutral conductor 

• Earthing system. 

• Inaccessibility of bare conductors. 

(a)      Ensure that they are inaccessible; 

(b)      Provide in readily accessible position switches for rendering them dead whenever 

necessary 

(c)      Take such other safety measures as are considered necessary by the Inspector. 

• Danger Notice. (sign of skull and bones ) Permanently in a conspicuous position 

• Handling of electric supply lines and apparatus- 

• To discharge electrically such conductor or apparatus. 

• Gloves, rubber shoes, safety belts, ladders, earthing devices, helmets, line testers, hand 

lines etc.  

• Authorised person. 

• Distinction of different circuits.(Permanent nature) 

• Ensure by means of indication of a permanent nature that the respective circuits are 

readily distinguishable from one another (By numbering). 

• The owner of the every installation including sub-station, double pole structure, four 

pole structure or any other structure having more than one feed,  shall  ensure  by  

means  of indication of a permanent nature, that the installation is readily 

distinguishable from other installations 

 
 

 



• Prevention of accidental charge 
 

• The  owners  of  all  circuits  and  apparatus  shall  so arrange  them  that  there  shall  be  
no  danger  of  any  part  thereof  becoming accidentally charged to any voltage beyond 
the limits of voltage for which they are intended. 
 

• Protection equipment, Fire buckets, First aid box ,Gas mask (5MW & Above) etc. 
 

• Fire buckets filled with clean dry sand and ready for immediate use for extinguishing 
fires, in addition to fire extinguishers suitable for dealing with electric fires, shall be 
conspicuously marked and kept in all generating stations, enclosed sub-stations and 
switch stations in convenient situation. The fire extinguishers shall be tested for 
satisfactory operation at least once a year and record of such tests shall be maintained. 

• First-aid boxes or cup boards conspicuously marked and equipped with such contents as 
the State Government may specify shall be provided and maintained in every generating 
station, enclosed sub-station and enclosed switch station so as to be readily accessible 
during all working hours. All such boxes and cupboards shall, except in the case of 
unattended sub-stations and switch stations, be kept in charge of responsible persons 
who are trained in first-aid treatment and one of such person shall be available during 
working hours. 

• Two or more gas masks shall be provided conspicuously and installed and maintained at 
accessible places in every generating station with capacity of 5 MW and above and 
enclosed sub-station with transformation capacity of 5 MVA and above for use in the 
event of fire or smoke. Provide that where more than one generator with capacity of 5 
MW and above is installed in a power station, each generator would be provided with at 
least two separate gas masks in accessible and conspicuous position.  
 

• Instructions for restoration of persons suffering from electric shock 
•  Instructions, in English or Hindi and the local language of the district and where Hindi is 

the local language, in English and Hindi for the restoration of persons suffering from 

electric shock, shall be affixed by the owner in a conspicuous place in every generating 

station, enclosed sub-station, enclosed switch-station and in every factory as defined in 

clause (m) of section 2 of the Factories Act, 1948 (63 of 1948) in which electricity is 

used. 

• The owner of every generating station, enclosed sub-station, enclosed switch-station 

and every factory or other premises to which this rule applies, shall ensure that all 

authorized persons employed by him are acquainted with and are competent to apply 

the instructions 

• In every manned high voltage or extra-high voltage generating station, substation or 

switch station, an artificial respirator shall be provided and kept in good working 

condition.  

• Precautions to be adopted by consumers, owners, occupiers, electrical contractors, 
                  electrical workmen and suppliers:- 



 All electrical installation works shall be carried out by a person holding certificate of 
competency and by a person holding a permit issued or recognized by the State 
Government. 

 No electrical installation work which has been carried out in contravention of sub-rule(1) 

UNAUTHORIZED PERSON shall not be energized or connected to the works of any supplier. 

• Periodical inspections and testing of Equipments 
 
• Installation shall be periodically inspected and tested at intervals not exceeding five years 

either by the Inspector or any officer appointed to assist the Inspector or by the supplier as 
may be directed by the State Government in this behalf or in the case of installations 
belonging to, or under the control of the Central Government. 

• Testing of consumer’s installation 

• Upon receipt of an application for a new or additional supply of energy and before  

connecting  the  supply  or  reconnecting  the  same  after  a  period  of  six months, the 

supplier shall inspect and test the applicants’ installation. 
• Installation and Testing of Generating Units 

• Installation and Testing of Generating Units- Where any consumer or occupier installs a 
generating  plant,  he  shall  give  a  thirty  days’  notice  of  his intention to commission 
the plant to the supplier as well as the Inspector. 

• Precautions against leakage before connection. 
• High Voltage Equipments installations 

 High Voltage Equipments shall have the IR value as stipulated in the relevant 
Indian Standard.  

 At a pressure of 1000 V applied between each live conductor and earth for a 
period of oneminute the insulation resistance of HV installations shall be at least 
1 Mega ohm or as specified by the 1 [Bureau of Indian Standards] from time to 
time.  

• Supply and use of energy 

 
• A linked switch with fuse(s) or a circuit breaker by low and medium voltage consumers. 

•  A linked switch with fuse(s) or a circuit breaker by HV consumers having aggregate installed 

transformer/apparatus capacity up to 1000 KVA to be supplied at voltage upto 11 KV and 

2500 KVA at higher -voltages (above 11 KV and not exceeding 33 KV). 

• A circuit breaker by HV consumers having an aggregate installed transformer/apparatus 

capacity above 1000 KVA and supplied at 11 KV and above 2500 KVA supplied at higher 

voltages (above 11 KV and not exceeding 33 KV). 

• A circuit breaker by EHV consumer ; Provided that where the point of commencement of 

supply and the consumer apparatus are near each other one linked switch with fuse(s) or 

circuit breaker near the point of commencement of supply as required by this clause shall be 

considered sufficient for the purpose of this rule; 

• Provisions applicable to medium, high or extra-high voltage installations 

 
• All conductors (other than  those  of  overhead  lines)  shall  be completely enclosed in 

mechanically strong metal casting or metallic covering. 



• All metal works, enclosing, supporting or associated with the installation, other than that 

designed to serve as a conductor shall be connected with an earthing system. 

• Every switchboard shall comply with the following provisions, namely: - 

–  A clear space of not less than 1 metre in width shall be provided in front of the 

switchboard 

– If there are any attachments or bare connections at the back of the switchboard, the 

space (if any) behind the switchboard shall be either less than 20 centimetres or more 

than 75 centimetres in width, measured from the farthest outstanding part of any 

attachment or conductor 

– If the space behind the switchboard exceeds 75 centimetres in width, there shall be a 

passage-way from either end of the switchboard clear to a height of 1.8 metres. 

OTHER PROVISIONS 

ELECTRIC SUPPLY LINES, SYSTEMS AND APPARATUS FOR LOW AND 

MEDIUM VOLTAGES 
 Test for resistance of insulation. 

• Where any electric supply line for use at low or medium voltage has been disconnected 
from a system for the purpose of addition, alteration or repair, such electric supply line shall 
not be reconnected to the system until the supplier or the owner has applied the test 
prescribed under rule 48. 

• The provision of sub-rule (1) shall not apply to overhead lines except, overhead insulated 
cables unless the Inspector otherwise directs in any particular case. 
 

• Connection with earth. 

• Neutral conductor of a phase, 4 wire system and the middle conductor of a2 phase, 3-wire 

system shall be earthed by not less than two separate and distinct connections with a 

minimum of two different earth electrodes of such large number as may be necessary to 

bring the earth resistance to a satisfactory value both at the generating station and at the 

sub-station.  The earth electrodes so provided, may be interconnected to reduce earth 

resistance.  It may also be earthed at one or more points along the distribution system or 

service line in addition to any connection with earth which may be at the consumer’s 

premises.] 

• The frame of every generator, stationary motor, portable motor, and the metallic parts (not 

intended as conductors) of all transformers and any other apparatus used for regulating or 

controlling energy and all medium voltage energy consuming apparatus shall be earthed by 

the owner by two separate and distinct connections with earth. 



• Earth leakage protective device 

 The supply of Energy to every electrical installation other than low voltage installation below 
5 KW and those low voltage installations which do not attract provisions of section 30 of the 
Indian Electricity Act, 1910, shall be controlled by an earth leakage protective device so as to 
disconnect the supply instantly on the occurrence of earth fault or leakage of current. 

 
• Approvals by Inspector-  

 Before making an application to the Inspector for permission 1[to commence or 
recommence supply after an installation has been disconnected for one year and above] at 
high or extra-high voltage to any person, the supplier shall ensure that the high or extra-high 
voltage electric supply lines or apparatus belonging to him are placed in position, properly 
joined and duly completed and examined.  The supply of energy shall not be commenced by 
the supplier unless and until the Inspector is satisfied that the provisions of rules 65 to 69 
both inclusive have been complied with and the approval in writing of the Inspector have 
been obtained by him. 

 

OVERHEAD LINES, UNDER GROUND CABLES AND GENERATING STATIONS 
• Material and strength-  

• All conductors of overhead lines other than those specified in sub-rule (1) of rule 86 

shall have a breaking strength of not less than 350 kg. 

• Where the voltage is low and the span is of less than 15 metres and is on the owner’s 

or consumer’s premises, a conductor having an actual breaking strength of not less 

than 150 kg may be used. 

• Joints between conductors of overhead lines shall be mechanically and electrically 

secure under the conditions of operation.  The ultimate strength of the joint shall not 

be less than 95 per cent of that of the conductor, and the electrical conductivity not 

less than that of the conductor. 

• Clearance above ground of the lowest conductor 

OVER HEAD LINES ALONG ANY STREET            Meter 
 

FOR LOW AND MEDIUM VOLTAGE LINES  5.5 

FOR HIGH VOLTAGE LINES  5.8 

ELSEWHERE THAN ALONG OR ACROSS ANY STREET SHALL BE NOT LESS  THAN-   

UP TO AND INCLUDING 11,000 VOLTS, IF BARE  4.6  

LINES UP TO AND INCLUDING 11,000 VOLTS, IF INSULATED  4.0 

FOR HIGH VOLTAGE LINES ABOVE 11,000 VOLTS 5.2  

For extra-high voltage lines the clearance above ground shall not be less than 5.2 metres PLUS 0.3 metre 

for every 33,000 volts or part thereof by which the voltage of the line exceeds 33,000 volts 



• Clearances from buildings of high and extra-high voltage lines 

ABOVE  OR ADJACENT  TO  ANY  BUILDING  OR  PART (VERTICAL)  Meter 

For High Voltage Lines Up to And Including 33,000 Volts 3.7 

For Extra-high Voltage 33,000 V  Lines ( + 0.30 Metre For Every Additional 33,000 Volts Or Part Thereof)  3.7+ 

  
For  High  Voltage  Lines  Up to  And Including 11,000 Volts 

HORIZONTAL CLEARENCES  
1.2 

For High Voltage Lines Above 

11,000 Volts And Up To And Including 33,000 Volts 

For Extra-high Voltage Lines (Metres   Plus   0.3 Metre 

For Every Additional  33,000  Volts  For  Part Thereof.)  

2.0 

 
2.0+ 

 

• Maximum interval between supports (65 meter. for low and medium voltage) 
• Guarding-  

– Every guard-wire shall be connected with earth at each point at which its electrical 

continuity is broken. 

–  Every guard-wire shall have an actual breaking strength of not less than 635 kg and if 

made of iron or steel, shall be galvanised. 

Minimum clearances in metres between lines crossing each other 

 

 

• Safety and protective devices 

 Every overhead line, erected over any part of street or other public place or in any factory or 
mine or on any consumers’ premises shall be protected with a device approved by the 
Inspector for rendering the line electrically harmless in case it breaks. 

 

Sl. No. Nominal System 
Voltage 

11-66 KV 110-132KV 220 KV 400 KV 800 KV 

 
1. 
2. 

3. 

4. 

5. 

6. 

 
Low & Medium 
11-66 KV 

110-132 KV 

220 KV 

400 KV 

800 KV 

 
2.44 
2.44 

3.05 

4.58 

5.49 

7.94 

 
3.05 
3.05 

3.05 

4.58 

5.49 

7.94 

 
4.58 
4.58 

4.58 

4.58 

5.49 

7.94 

 
5.49 
5.49 

5.49 

5.49 

5.49 

7.94 

 
7.94 
7.94 

7.94 

7.94 

7.94 

7.94 



 The owner of every high and extra-high voltage overhead line shall make adequate 
arrangements to the satisfaction of the Inspector to prevent unauthorised persons from 
ascending any of the supports of such overhead lines which can be easily climbed upon 
without the help of a ladder or special appliances. 

 

• Protection against lightning 
 The owner of every overhead line which is so exposed as to be liable to injury from lightning 

shall adopt efficient means for diverting to earth any electrical surges due to lightning. 
 

 The earthing lead for any lightning arrestor shall not pass through any iron or steel pipe, but 
shall be taken as directly as possible from the lightning- arrestor to a separate earth 
electrode and/or junction of the earth mat already provided for the high and extra-high 
voltage sub-station subject to the avoidance of bends wherever practicable. 

• Unused overhead Lines 
 Where an overhead line ceases to be used as an electric supply line, the owner shall 

maintain it in a safe mechanical condition in accordance with rule 76 or shall remove it. 
 

 Where any overhead line ceases to be used as an electric supply line, an Inspector may, by a 
notice in writing served on the owner, require him to maintain it in a safe mechanical 
condition or to remove it within fifteen days of the receipt of the notice 

 

PROVISION OF PENALTY ON BREACH OF ACTS AND RULES 
In case any complaint is filed before the Appropriate Commission by any person or if that 

Commission is satisfied that any person has contravened any provisions of this Act or rules or 

regulations made thereunder, or any direction issued by the Commission, the appropriate 

Commission may after giving such person an opportunity of being heard in the matter, by order 

in writing, direct that, without prejudice to any other penalty to which he may be liable under 

this Act, such person shall pay, by way of penalty, which shall not exceed one lakh rupees for 

each contravention and in case of a continuing failure with an additional penalty which may 

extend to six thousand rupees for every day during which the failure continues after 

contravention of the first such direction. 

Punishment for non-compliance of orders or directions. 

Whoever, fails to comply with any order or direction given under this Act, within such time as 

may be specified in the said order or direction or contravenes or attempts or abets the 

contravention of any of the provisions of this Act or any rules or regulations made thereunder, 

shall be punishable with imprisonment for a term which may extend to three months or with 

fine, which may extend to one lakh rupees, or with both in respect of each offence and in the 

case of a continuing failure, with an additional fine which may extend to five thousand rupees 

for every day during which the failure continues after conviction of the first such offence. 



THE BUILDING AND OTHER CONSTRUCTION WORKERS (REGULATION OF EMPLOYMENT 

AND CONDITIONS OF SERVICE) ACT, 1996 

THE BUILDING AND OTHER CONSTRUCTION WORKERS (REGULATION OF EMPLOYMENT 

AND CONDITIONS OF SERVICE) ACT, 1996 

 

An Act to regulate the employment and conditions of service of building and other 

construction workers and to provide for their safety, health and welfare measure and for 

other matter connected therewith or incidental thereto. 

  

CHAPTER I 

  

PRELIMINARY 

1. Short title, extent, commencement and application.- (1) This Act may be called the 

Building and Other Construction Workers (Regulation of Employment. And Conditions of 

Service) Act, 1996. 

(2) It extends to the whole of India. 

(3) It shall be deemed to have come into force on the 1st day of March, 1996. 

(4) It applies to every establishment which employs, or had employed on any day of the 

preceding twelve months, ten or more building workers in any building or other 

construction work. 

Explanation.- For the purposes of this sub-section, the building workers employed in 

different relays in a day either by the employer or the contractor shall be taken into 

account in computing the number of building workers employed in the establishment. 

2. Definitions.- (1) In this Act, unless the context otherwise requires,- 

(a) '"appropriate Government" means,- 

(i) in relation to an establishment which employs building workers either directly or through 

a contractor) in respect of which the appropriate Government under the Industrial Disputes 

Act, 1947 (14 of 1947), is the Central Government, the Central Government; 



(ii) in relation to any such establishment, being a public sector undertaking, as the Central 

Government may by notification specify which employs building workers either directly or 

through a contractor, the Central Government 

Explanation.- For the purposes of sub-clause (ii), "public sector undertaking" means any 

corporation established by or under any Central, State or Provincial Act nor a Government. 

Company as defined in section 617 of the Companies Act, 1956 (1 of 1956), which is owned, 

controlled or managed by the Central Government; 

(iii) in relation to any other establishment which employs building workers either directly or 

through a contractor, the Government of the State in which that other establishment is 

situate; 

(b) beneficiary means a building worker registered under section 12; 

(c) Board means a Building and Other Construction Workers' Welfare Board constituted 

under sub-section (1) of section 18; 

(d) building or other construction work" means the construction, alteration, repairs, 

maintenance or demolition- of or, in relation to, buildings, streets, roads, railways, 

tramways, airfields, irrigation, drainage, embankment and navigation works, flood control 

works (including storm water drainage works), generation, transmission and distribution of 

power, water works (including channels for distribution of water), oil and gas installations, 

electric lines, wireless, radio; television, telephone, telegraph and overseas communication 

dams, canals, reservoirs, watercourses, tunnels, bridges, viaducts, aquaducts, pipelines, 

towers, cooling towers, transmission towers and such other work as may be specified in this 

behalf by the appropriate Government, by notification but does not include any building or 

other construction work to which the provisions of the Factories Act, 1948 (63 of 1948), or 

the Mines Act, 1952 (35 of 1952), apply; 

(e) building worker means a person who is employed to do any skilled, semiskilled or 

unskilled manual, supervisory , technical or clerical work for hire or reward, whether the 

terms of employment be expressed or implied, in connection with any building or other 

construction work but does not include any such person- 

(i) who is employed mainly in a managerial or administrative capacity; or. 

(ii) who, being employed in a supervisory capacity, draws wages exceeding one thousand six 

hundred rupees per mensem or exercises, either by the nature of the duties attached to the 

office or by reason of the powers vested in him, functions mainly of a managerial nature; 



(f) "Chief Inspector' means the Chief Inspector of Inspection of Building and Construction 

appointed under sub-section (2) of section 42; 

(g) "contractor" means a person who undertakes to produce a given result for any 

establishment, other than a mere supply of goods or articles of manufacture, by the 

employment of building workers or who supplies building workers for any work of the 

establishment; and includes a sub-contractor; 

(h) Director-General" means the Director-General of Inspection appointed under sub-

section (1) of section 42; 

(i) employer", in relation to an establishment, means the owner thereof, and includes,- 

(i) in relation to a building or other construction work carried on by or under the authority 

of any department of the Government, directly without any contractor, the authority 

specified in this behalf, or where no authority is specified, the head of the department; 

(ii) in relation to a building or other construction work carried on by or on behalf of a local 

authority or other establishment, directly without any contractor, the chief executive 

officer of that authority or establishment; 

(iii) in relation to a building or other construction work carried on by or though a contractor, 

or by the employment of building workers supplied by a contractor, the contractor; 

(j) establishment means any establishment belonging to, or under the control of, 

Government, any body corporate or firm, an individual or association or other body of 

individuals which or who employs building workers in any building or other construction 

work; and includes an establishment belonging to a contractor, but does not include an 

individual who employs such workers in any building or construction work in relation to his 

own residence the total cost of such construction not being more than rupees ten lakhs; 

(k) "Fund" means the Building and Other Construction Workers' Welfare Fund of a Board 

constituted under sub-section (1) of section 24; 

(l) notification means a notification published in the Official Gazette;3 

(m) prescribed means prescribed by rules made under this Act by the Central Government 

or, as the case may be, the State Government; 

(n) wages shall have the same meaning as assigned to it in clause (vi) of section 2 of the 

Payment of Wages Act, 1936 (4 of 1936). 



(2) Any reference in this Act to any law which is not in force in any area shall, in relation to 

that area, be construed as a reference to the corresponding law, if any, in force in that area. 

CHAPTER II 

THE ADVISORY COMMITTEES AND EXPERT COMMITTEES 

3. Central Advisory Committee.- (1) The Central Government shall, as soon as may be, 

constitute a Committee to be called the Central Building and Other Construction Workers' 

Advisory Committee (hereinafter referred to as the Central Advisory Committee) to advise 

the Central Government on such matters arising out of the administration of this Act as may 

be referred to it. 

(2) The Central Advisory Committee shall consist of- 

(a) a Chairperson to be appointed by the Central Government; 

(b) three Members of Parliament of whom two shall be elected by the House of the People 

and one by the Council of States-members; 

(c) the Director-General-member, ex officio; 

(d) such number of other members, not exceeding thirteen but not less nine, as the Central 

Government may nominate to represent the employers, building workers, associations of 

architects, engineers, accident insurance institutions and any other interests which, in the 

opinion of the Central Government, ought to be represented on the Central Advisory 

Committee. 

(3) The number of persons to be appointed as members from each of the categories 

specified in clause (d) of sub-section (2), the term of office and other conditions of service 

of the procedure to be followed in the discharge of their functions by, and the manner of 

filling vacancies among, the members of the Central Advisory Committee shall be such as 

may be prescribed: 

Provided that the members nominated to represent the building workers shall not be less 

than the number of members nominated to represent the employers. 

(4) It is hereby declared that the office of member of the Central Advisory Committee shall 

not disqualify its holder for being chosen as, or for being, a Member of either House of 

Parliament. 

  



COMMENTS 

The Central Government has been empowered to constitute the Central Building and Other 

Construction Workers' Advisory Committee. The Committee shall consist of a Chairperson, 

three Members of Parliament, the Director General of Inspection, not more than thirteen 

but not less than nine persons nominated by Government to represent the employers, 

building workers, association of architects, engineers, accident insurance institutions and 

other interests. 

4. State Advisory Committee.- (1) The State Government shall constitute a committee to be 

called the State Building and Other Construction Workers' Advisory Committee (hereinafter 

referred to as the State Advisory Committee) to advise the State Government on such 

matters arising out of the administration of this Act as may be referred to it. 

(2) The State Advisory Committee shall consist of- 

(a) a Chairperson to be appointed by the State Government; 

(b) two members of the State Legislature to be elected from the State Legislature-members: 

(c) a member to be nominated by the Central Government; 

(d) the Chief Inspector-member, ex officio; 

(e) such member of other members, not exceeding eleven, but not less than seven as the 

State Government may nominate to represent the employers, building workers, 

associations of architects, engineers, accident insurance institutions and any other interests 

which, in the opinion of the State Government, ought to be represented on the State 

Advisory Committee. 

(3) The number of persons to be appointed as members from each of the categories 

specified in clause (e) of sub-section (2), the term of office and other conditions of service 

of the procedure to be followed in the discharge of their functions by, and the manner of 

filling vacancies among, the members of State Advisory Committee shall be such as may be 

prescribed: 

Provided that the number of members nominated to represent the building workers shall 

not be less than the number of members nominated to represent the employers. 

COMMENTS 



The State Government has been empowered to constitute the State Building and Other 

Construction Workers' Advisory Committee for the State. The committee shall consist of a 

Chairperson, two of the Legislature, a member to be nominated by the Central 

Government, the Chief Inspector of Inspection, not more than eleven not less seven 

persons nominated by the State Government to represent the employers, building workers, 

associations of architects. Engineers, accident insurance institutions and any other 

interests. 

  

5. Expert Committees.- (1) The appropriate Government may constitute one or more 

expert committees consisting of persons specially qualified in building or other construction 

work for advising that Government for making rules under this Act. 

(2) The members of the expert committee shall be paid such fees and allowances for 

attending the meetings of the committee as may be prescribed: 

Provided that no fee or allowances shall be payable to a member who is an officer of 

Government or of any body corporate established by or under any law for the time being in 

force. 

  

CHAPTER III 

  

REGISTRATION OF ESTABLISHMENTS 

6. Appointment of registering officers.-The appropriate Government may, by order notified 

in the Official Gazette,- 

(a) appoint such persons being Gazetted Officers of Government, as it thinks fit, to be the 

registering officers for the purposes of this Act; and 

(b) define the limits within which a registering officer shall exercise the powers conferred 

on him by or under this Act. 

7. Registration of establishments.- (1) Every employer shall,- 

(a) in relation to an establishment to which this Act applies on its commencement, within a 

period of sixty days from such commencement; and 



(b) in relation to any other establishment to which this Act may be applicable at any time 

after such commencement, within a period of sixty days from the date on which this Act 

becomes applicable to such establishment, make an application to the registering officer for 

the registration of such establishment: 

Provided that the registering officer may entertain any such application after the expiry of 

the periods aforesaid, if he is satisfied that the applicant was prevented by sufficient cause 

from making the application within such period. 

(2) Every application under sub-section (1) shall be in such form and shall contain such 

particular and shall be accompanied by such fees as may be prescribed. 

(3) After the receipt of an application under sub-section (1), thc registering officer shall 

register the establishment and issue a certificate of registration to the employer thereof in 

such form and within such time and subject to such conditions as may be prescribed. 

(4) Where, after the registration of an establishment under this section, any change occurs 

in the ownership or management or other prescribed particulars in respect of such 

establishment, the particulars regarding such change shall be intimated by the employer to 

the registering officer within thirty days of such change in such form as may be prescribed. 

COMMENTS 

Every employer of an establishment to which this Act applies and to which this Act may be 

applicable at any time is required to make an application in the prescribed form with 

prescribed fee for the registration of his establishment within a period of sixty days of the 

commencement of the Act or within sixty days from the date on which this Act becomes 

applicable to the establishment. 

8. Revocation of registration in certain cases.- If the registering officer is satisfied, either on 

a reference made to him in this behalf or otherwise, that the registration of any 

establishment has been obtained by misrepresentation or suppression of any material fact 

or that the provisions of this Act are not being complied with in relation to any work carried 

on by such establishment, or that for any other reason the registration has become useless 

or ineffective and, therefore, requires to be revoked, he may, after giving an opportunity to 

the employer of the establishment to be heard, revoke the registration. 

  

COMMENTS 



If the registration of any establishment has been obtained by misrepresentation or by 

suppression of any material fact of if the provisions of the Act are not being complied with 

in relation to any work carried on by such establishment, the registration may be revoked 

by the registering officer by giving an opportunity to the employer of the establishment to 

be heard. 

9. Appeal.- (1) Any person aggrieved by an order made under section 8 may, within thirty 

days from the date on which the order is communicated to him, prefer an appeal to the 

appellate officer who shall be a person nominated in this behalf by the appropriate 

Government: 

Provided that the appellate officer may entertain the appeal after the expiry of the said 

period of thirty days if he is satisfied that the appellant was prevented by sufficient cause 

from filing the appeal in time. 

(2) On receipt of an appeal under sub-section (1), the appellate officer shall, after giving the 

appellant an opportunity of being heard, confirm, modify or reverse the order of revocation 

as expeditiously as possible. 

  

COMMENTS 

If any employer of an establishment is aggrieved by an order of the registering officer he 

can prefer all appeal to the appellate officer within thirty days from the date on which the 

order is communicated to him. Appeal can be made even after the expiry of thirty days if 

the appellant satisfies the appellate officer that he was prevented by sufficient cause from 

filing the appeal in time. 

10. Effect of non-registration.- No employer of an establishment to which this Act applies, 

shall,- 

(a) in the case of an establishment required to be registered under section 7, but which has 

not been registered under that section; 

(b) in the case of an establishment the registration in respect of which has been revoked 

under sectiou.8 and no appeal has been preferred against such order of revocation under 

section 9 within the period prescribed for the preferring of such appeal or where an appeal 

has been so preferred, such appeal has been dismissed, employ building workers in the 

establishment after the expiry of the period referred to in clause (a) or clause (b) of sub-

section (I) of section 7, or after the revocation of registration under section 8 or after the 



expiry of the period for preferring an appeal under section 9 or after the dismissal of the 

appeal, as the case may be. 

COMMENTS 

No employer of an establishment which is required to be registered but has not been 

registered or registration of such an establishment has been revoked and no appeal his 

been preferred or where an appeal has been preferred but it has been dismissed, can 

employ building workers in the establishment. 

  

CHAPTER IV 

  

REGISTRATION OF BUILDING WORKERS AS BENEFICIARIES 

11. Beneficiaries of the Fund.- Subject to the provisions of this Act, every building worker 

registered as a beneficiary under this Act shall be entitled to the benefits provided by the 

Board from its Fund under this Act. 

12. Registration of building workers as beneficiaries.- (1) Every building worker who has 

completed eighteen years of age, but has not completed sixty years of age, and who has 

been engaged in any building or other construction work for not less than ninety days 

during the preceding twelve months shall be eligible for registration as a beneficiary under 

this Act. 

(2) An application for registration shall be made in such form, as may be prescribed, to the 

officer authorised by the Board in this behalf. 

(3) Every application under sub-section (2) shall be accompanied by such documents 

together With such fee not exceeding fifty rupees as may be prescribed. 

(4) If the officer authorised by the Board under sub-section (2) is satisfied that the applicant 

has complied with the provisions of this Act and the rules made thereunder, he shall 

register the name of the building worker as a beneficiary under this Act: 

Provided that an application for registration shall not be rejected without giving the 

applicant an opportunity of being heard. 

(5) Any person aggrieved by the decision under sub-section (4) may, within thirty days from 

the date of such decision, prefer an appeal to the Secretary of the Board or any other 



officer specified by the Board in this behalf and the decision of tile Secretary or such other 

officer on such appeal shall be final: 

Provided that the Secretary or any other officer specified by the Board in this behalf may 

entertain the appeal after the expiry of the said period of thirty days if he is satisfied that 

the building worker was prevented by sufficient cause from filing the appeal in time. 

(6) The Secretary of the Board shall cause to maintain such registers as may be prescribed. 

  

COMMENTS 

Every building worker who is between the age of eighteen and sixty and who has been 

engaged in any building or other construction work for not less than ninety days during the 

last 12 months is eligible for registration as a beneficiary of the Building and Other 

Construction Workers' Welfare Fund. Application for registration is to be made in the 

prescribed form and is to be accompanied with prescribed documents and a fee of not 

more than fitly rupees. 

  

13. Identity cards.- (1) The Board shall give to every beneficiary an identity card with his 

photograph duly affixed thereon and with enough space for entering the details of the 

building or other construction work done by him. 

  

(2) Every employer shall enter in the identity card the details of the building or other 

construction work done by the beneficiary and authenticate the same and return it to tile 

beneficiary. 

  

(3) A beneficiary who has been issued an identity card under this Act shall produce the 

same whenever demanded by any officer of Government or the Board, any inspector or any 

other authority for inspection. 

14. Cessation as a beneficiary.- (1) A building worker who has been registered as a 

beneficiary under this Act shall cease to be as such when he attains the age of sixty years or 

when he is not engaged in building or other construction work for not less than ninety days 

in a year: 



  

Provided that in computing the period of ninety days under this sub-section, there shall be 

excluded any period of absence from the building or other construction work due to any 

personal injury caused to the building worker by accident arising out of and in the course of 

his employment. 

  

(2) Notwithstanding anything contained in sub-section (1), if a person had been a 

beneficiary for at least three years continuously immediately before attaining the age of 

sixty years, he shall be eligible to get such benefits as may be prescribed. 

  

Explanation.- For computing tile period of three years as a beneficiary with a Board under 

this sub-section, there shall be added any period for which a person had been a beneficiary 

with any other Board immediately before his registration. 

15. Register of beneficiaries.- Every employer shall maintain a register in such form as may 

be prescribed showing the details of employment of beneficiaries employed in the building 

or other construction work undertaken by him and the same may be inspected without any 

prior notice by the Secretary of the Board or any other officer duly authorised by the Board 

in this behalf. 

  

16. Contribution of building workers.- (1) A building worker who has been registered as a 

beneficiary under this Act shall, until he attains the age of sixty years, contribute to the 

Fund at such rate per mensem, as may be specified by the State Government, by 

notification in the Official Gazette and different rates of contribution may be specified for 

different classes of building workers: 

  

Provided that the Board may, if satisfied that a beneficiary is unable to pay his contribution 

due to any financial hardship, waive the payment of contribution for a period not exceeding 

three months at a time. 

  



(2) A beneficiary may authorise his employer to deduct his contribution from his monthly 

wages and to remit the same, within fifteen days front such deduction, to the Board. 

  

COMMENTS 

A registered beneficiary, until he attains the age of sixty years, has to contribute to the Fund 

at the rates specified by the State Government. If any beneficiary is unable to pay his 

contribution due to any financial hardship, the Building and Other Construction Workers' 

Welfare Board can waive the payment of contribution for a period not exceeding three 

months at a time. 

17. Effect of non-payment of contribution.- When a beneficiary has not paid his 

contribution under sub-section (1) of section 16 for a continuous period of not less than one 

year, he shall cease to be a beneficiary: 

Provided that if the Secretary of the Board is satisfied that the non-payment of contribution 

was for a reasonable ground and that the building worker is willing to deposit the arrears, 

he may allow the building worker to deposit the contribution in arrears and on such deposit 

being made, the registration of building worker shall stand restored. 

  

COMMENTS 

If any beneficiary fails to pay his contribution for a continuous period of not less than one 

year, he ceases to be a beneficiary of the Fund. But if the failure to pay the contribution was 

for a reasonable ground and the building worker is willing to deposit the arrears, his 

registration may be restored. 

  

CHAPTER V 

BUILDING AND OTHER CONSTRUCTION WORKERS' 

WELFARE BOARDS 

18. Constitution of State Welfare Boards.- (1) Every State Government shall, with effect 

from such date as it may, by notification, appoint, constitute a Board to be known as the 

(name of the State) Building and Other Construction Workers' Welfare Board to exercise the 

powers conferred on, and perform the functions assigned to, it under this Act. 



(2) The Board shall be a body corporate by the name aforesaid, having perpetual succession 

and a common seal and shall by the said name sue and be sued. 

(3) The Board shall consist of a chairperson, a person to be nominated by the Central 

Government and such number of other members, not exceeding fifteen, as may be 

appointed to it by the State Government: 

Provided that the Board shall include an equal number of members representing the State 

Government, the employers and the building workers and that at least one member of the 

Board shall be a woman: 

(4) The terms and conditions of appointment and the salaries and other allowances payable 

to the chairperson and the other members of the Board, and the manner of filling of casual 

vacancies of the members of the Board, shall be such as may be prescribed. 

19. Secretary and other officers of Boards.- (1) The Board shall appoint a Secretary and 

such other officers and employees as it considers necessary for the efficient discharge of its 

functions under this Act. 

(2) The secretary of the Board shall be its chief executive officer. 

(3) The terms and conditions of appointment ant the salary allowances payable to the 

Secretary and the other officers and employees of the Board shall be such as may be 

prescribed. 

20. Meetings of Board.- (1) The Board shall meet at such time and place and observe such 

rules of procedure in regard to the transaction of business at its meetings (including the 

quorum at such meetings) as may be prescribed. 

(2) The chairperson or, if for any reason he is unable to attend a meeting of the Board, any 

member nominated by the chairperson in this behalf and in the absence of such 

nomination, any other member elected by the members present from amongst themselves 

at the meeting, shall preside at the meeting. 

(3) All questions which come up before any meeting of the Board shall be decided by a 

majority of votes of the members present and voting, and in the event of equality of votes, 

the chairperson, or in his absence, the person presiding, shall have a second or a casting 

vote. 

21. Vacancies, etc., not to invalidate proceedings of the Boards.- No act or proceedings of 

a Board shall be invalid merely by reason of- 

(a) any vacancy in, or any defect in the constitution of, the Board; or 



(b) any defect in the appointment of a person acting as a member of the Board; or 

(c) any irregularity in the procedure of the Board not affecting the merits of the case. 

22. Functions of the Boards.- (1) The Board may- 

(a) provide immediate assistance to a beneficiary in case of accident; 

(b) make payment of pension to the beneficiaries who have completed the age of sixty 

years; 

(c) sanction loans and advances to a beneficiary for construction of a house not exceeding 

such amount and on such terms and conditions as may be prescribed; 

(d) pay such amount in connection with premia for Group Insurance Scheme of the 

beneficiaries as it may deem fit; 

(e) give such financial assistance for the education of children of the beneficiaries as may be 

prescribed; 

(f) meet such medical expenses for treatment of major ailments of a beneficiary or, such 

dependant, as may be prescribed; 

(g) make payment of maternity benefit to the female beneficiaries; and 

(h) make provision and improvement of such other welfare measures and facilities as may 

be prescribed. 

(2) The Board may grant loan or subsidy to a local authority or an employer in aid of any 

scheme approved by the State Government for the purpose connected with the welfare of 

building workers in any establishment 

(3) The Board may pay annually grants-in-aid to a local authority or to an employer who 

provides to the satisfaction of the Board welfare measures and facilities of the standard 

specified by the Board for the benefit of the building workers and the members of' their 

family, so, however, that the amount payable as grants-in-aid to any local authority or 

employer shall not exceed- 

(a) the amount spent in providing welfare measures and facilities as determined by the 

State Government or any person specified by it in this behalf, or 

(b) such amount as may be prescribed, whichever is less: 



Provided that no grant-in-aid shall be payable in respect of any such welfare measures and 

facilities where the amount spent thereon determined as aforesaid is less than the amount 

prescribed in this behalf, 

23. Grants and loans by the Central Government.- The Central Government may, after due 

appropriation made by Parliament by law in this behalf, make to a Board grants and loans 

of such sums of money as the Government may consider necessary, 

24. Building and Other Construction Workers' Welfare Fund and its application.- (1) There 

shall be constituted by a Board a fund to be called the Building and other Construction 

Workers' Welfare Fund and there shall be credited thereto- 

(a) any grants and loans made to the Board by the Central Government under section 23;3 

(b) all contributions made by the beneficiaries; 

(c) all sums received by the Board from such other sources as may be decided by the 

Central Government, 

(2) The Fund shall be applied for meeting- 

(a) expenses of the Board in the discharge of its functions under section 22; and 

(b) salaries, allowances and other remuneration of the members, officers and other 

employees for the Board; 

(c) expenses on objects and for purposes authorised by this Act. 

(3) No Board shall, in any financial year, incur expenses towards salaries, allowances and 

other remuneration to its members, officers and other employees and for meeting the 

other administrative expenses exceeding five percent of its total expenses during that 

financial year. 

25 Budget.- The Board shall prepare, in such form and at such time each financial year, as 

may be prescribed, its budget for the next financial year, showing the estimated receipts 

and expenditure of the Board and forward the same to the State Government and the 

Central Government, 

26. Annual report.- The Board shall prepare, in such form and at such time each financial 

year as may be prescribed, its annual report, giving a full account of its activities during the 

previous financial year, and submit a copy thereof to the State Government and the Central 

Government. 



27. Accounts and audit.- (1) The Board shall maintain proper accounts and other relevant 

records and prepare an annual statement of accounts in such form as may be prescribed in 

consultation with the Comptroller and Auditor-General of India. 

(2) The Comptroller and Auditor-General of India or any other person appointed by him in 

connection with the auditing of the accounts of the Board under this Act shall have the 

same rights and privileges and the authority in connection with such audit as the 

Comptroller and Auditor-General of India has in connection with the auditing of the 

Government accounts and in particular shall have the right to demand the production of 

books, accounts, connected vouchers and other documents and papers and to inspect any 

of the officers of the Board under this Act. 

(3) The accounts of the Board shall be audited by the Comptroller and Auditor-General of 

India annually and any expenditure incurred in connection with such audit shall be payable 

by the Board to the Comptroller and Auditor-General of India. 

(4) The board shall furnish to the State Government before such date as may be prescribed 

its audited copy of accounts together with the auditor's report. 

(5) The State Government shall cause the annual report and auditor's report to be laid, as 

soon as may be after they are received, before the State Legislature. 

CHAPTER VI 

HOURS OF WORK, WELFARE MEASURES AND OTHER CONDITIONS OF SERVICE OF BUILDING 

WORKERS 

28. Fixing hours for normal working day, etc.- (1) The appropriate Government may, by 

rules.- 

(a) fix the number of hours of work which shall constitute normal working day for a building 

worker, inclusive of one or more specified intervals; 

(b) provide for a day of rest in every period of seven days which shall be allowed to all 

building workers and for the payment of remuneration in respect of such days of rest; 

(c) provide for payment of work on a day of rest at a rate not less than the overtime rate 

specified in section 29. 

(2) The provisions of sub-section (1) shall, in relation to the following classes of building 

workers, apply only to such extent, and subject to such conditions, as may be prescribed, 

namely:- 



(a) persons engaged on urgent work, or in any emergency which could not have been 

foreseen or prevented; 

(b) persons engaged in a work in the nature of preparatory or complementary work which 

must necessarily be carried on outside the normal hours of work laid down in the rules; 

(c) persons engaged in any work which for technical reasons has to be completed before 

the day is over: 

(d) persons engaged in a work which could not be carried on except at times dependant on 

the irregular action of natural forces. 

COMMENTS 

Government has been empowered to fix the number of hours of work for a building worker, 

to provide for day of rest in every period of 7 days and for the payment of remuneration in 

respect of such days of rest, to provide for payment of work on a day of rest at a rate not 

less than the overtime rate. 

29. Wages for overtime work.- (1) Where any building worker is required to work on any 

day in excess of the number of hours constituting a normal working day he shall be entitled 

to wages at the rate of twice his ordinary rate of wages. 

(2) For the purposes of this section, "ordinary rates of wages" means tile basic wages plus 

such allowances as tile worker is for the time being entitled to but does not include any 

bonus. 

  

COMMENTS 

If any building workers is required to work on any day in excess of tile number of hours 

constituting a normal working day, he is entitled to wages at the rate of twice his ordinary 

rate of wages. 

30. Maintenance of registers and records.- (1) Every employer shall maintain such registers 

and records giving such particulars of building workers employed by him, the work 

performed by them, the number of hours of work which shall constitute a normal working 

day for them, in day of rest in every period of seven days which shall be allowed to them, 

tile wages paid to them, the receipts given by them and such other particulars in such form 

as my be prescribed. 

(2) Every employer shall keep exhibited, in such manner as may be prescribed, in tile place 



where such workers may be employed, notices in the prescribed form containing the 

prescribed particulars. 

(3) The appropriate Government may, by rules, provide for tile issue of wage books or wage 

slips to building workers employed in an establishment and prescribe tile manner in which 

entries shall be made and authenticated in such wage books or wage slips by the employer 

or his agent. 

31. Prohibition of employment of certain persons in certain building or other construction 

work.- No person about whom the employer knows or has reason to believe that he is a 

deaf or he has a defective vision or he has a tendency to giddiness shall bc required or 

allowed to work in any such operation of building or other construction work which is likely 

to involve a risk of any accident either to the building worker himself or to any other 

person. 

  

COMMENTS 

Any person who is deaf or who has detective vision or who has a tendency to giddiness is 

not required or allowed to work in any such operation of building or other construction 

work which is likely to involve risk of an accidents. 

32. Drinking water.- (1) The employer shall make in every place where building or other 

construction work is in progress, effective arrangements to provide and maintain at suitable 

points conveniently situated for all persons employed there in, a sufficient supply of 

wholesome drinking water. 

(2) All Such points shall be legible marked Drinking Water in a language understood by a 

majority of the person employed in such place and no such point shall be situated within six 

metres of any washing place, Urinal or latrine. 

33. Latrines and urinals.- In every place where building or other construction work is 

carried on, the employer shall provide sufficient latrine and urinal accommodation of such 

types as may be prescribed and they shall be so conveniently situated as may be accessible 

to the building workers at all times while they are in such place: 

Provided that it shall not be necessary to provide separate urinals in my place where less 

than fifty persons are employed or where the latrines are connected to a water-borne 

sewage system. 



34. Accommodation.- (1) The employer shall provide, free of charges and within the work 

site or as near to it as may be possible temporary living accommodation to all building 

workers employed by him for such period as the building or other construction work is in 

progress. 

(2) The temporary accommodation provided under sub-section (1) shall have separate 

cooking place bathing, washing and lavatory facilities 

(3) As soon as may be, after the building or other construction work is over, the employer 

shall, at his own cost, cause removal or demolition of the temporary structures erected by 

him for the purpose of providing living accommodation cooking place or other facilities to 

the building workers as required under sub-section (1), and restore the ground in good level 

and clean condition. 

(4) In case an employer is given, my land by a Municipal Board or, my other local authority 

for the purposes of providing temporary, accommodation for the building workers under 

this section, he shall as soon as may be, after the construction work is over, return the 

possession of such land in the same condition in which he received the same. 

35. Creches.- (1) In every place where in more them fifty female building workers are 

ordinarily employed, there shall be provided and maintained, a suitable room or rooms for 

the use of children under the, age of six years of such female workers. 

(2) Such rooms shall- 

(a) provide adequate accommodation: 

(b) be adequately lighted and ventilated; 

(c) be maintained in a clean and sanitary condition; 

(d) be under the charge of women trained in the care of children and infants. 

36. First-aid.- Every employer shall provide in all the places where building or other 

construction work is carried on such first-aid facilities as may be prescribed. 

37. Canteens, etc.-The appropriate Government may, by rules require the employer- 

(a) to provide and maintain in every place wherein not less than two hundred and fifty 

building workers are ordinarily employed, a canteen for the use of the workers; 



(b) to provide such other welfare measures for the benefit of building workers as may be 

prescribed. 

  

CHAPTER VII 

SAFETY AND HEALTH MEASURES 

38. Safety Committee and safety officers.- (1) In every establishment wherein five hundred 

or more building workers are ordinarily employed, the employer shall constitute a Safety 

Committee consisting of such number of representatives of the employer and the building 

workers as may be prescribed by the State Government: 

Provided that the number of persons representing the workers, shall, in no case, be less 

than the persons representing the employer. 

(2) In every establishment referred to in sub-section (1), the employer shall also appoint a 

safety officer who shall possess such qualifications and perform such duties as may be 

prescribed. 

39. Notice of certain accidents.- (1) Where in any establishment an accident occurs which 

causes death or which causes any bodily injury by reason of which the person injured is 

prevented from working for a period of forty-eight hours or more immediately following the 

accident, or which is of such a nature as may be prescribed, the employer shall give notice 

thereof to such authority, in such form and within such time as may be prescribed. 

(2) On receipt of a notice under sub-section (1) the authority referred to in that sub-section 

may make such investigation or inquiry as it considers necessary. 

(3) Where a notice given under sub-section (1) relates to an accident causing death of five 

or more persons, the authority shall make an inquiry into such accident within one month 

of the receipt of the notice. 

40. Power of appropriate Government to makes rules for the safety and health of building 

workers.- (1) The appropriate Government may, by notification, make rules regarding the 

measures to be taken for the safety and health of building workers in the course of their 

employment and the equipment and appliances necessary to be provided to them for 

ensuring their safety, health and protection, during such employment. 

(2) In particular, and without prejudice to the generality of the foregoing power, such rules 

may provide for all or any of the following matters, namely:- 



(a) the safe means of access to, and the safety of, any working place, including the provision 

of suitable and sufficient scaffolding at various stages when work cannot be safely done 

from the ground or from any part of a building or from a ladder or such other means of 

support; 

(b) the precautions to be taken in connection with the demolition of the whole or any 

substantial part of a building or other structure under the supervision of a competent 

person child the avoidance of danger from collapse of any building or other structure while 

removing any part of the framed building or other structure by shoring or otherwise; 

(c) the handling or use of explosive under the control of competent persons so that there is 

no exposure to the risk of injury from explosion or from flying material; 

(d) the erection installation, use and maintenance of transporting equipment, such as 

locomotives, trucks, wagons and other vehicles and trailers and appointment of competent 

persons to drive or operate such equipment; 

(e) the erection, installation, use and maintenance of hoists, lifting appliances and lifting 

gear including periodical testing and examination and heat treatment where necessary, 

precautions to be taken while raising or lowering loads, restrictions on carriage of persons 

and appointment of competent persons on hoists or other lifting appliances; 

(f) the adequate and suitable lighting of every workplace and approach thereto, of every 

place where raising or lowering operations with the use of hoists, lifting appliances or lifting 

gears are in progress and of all openings dangerous to building workers employed; 

(g) the precautions to be taken to prevent inhalation of dust, fumes. gases or vapours 

during any grinding, cleaning, spraying or manipulation of only material and steps to be 

taken to secure and maintain adequate ventilation of every working place or confined 

Spice; 

(h) the measures to be taken during stacking or unstacking, stowing or unstowing of 

materials or goods or handling in connection therewith; 

(i) the safeguarding of machinery including the fencing of every fly-wheel and every moving 

part of prime mover and every part of transmission or other machinery, unless it is in such a 

position or of such construction as to be safe to every worker working only of the 

operations and as if it were securely fenced: 

(j) the safe handling and use of plant, including tools and equipment operated by 

compressed air: 



(k) the precaution to be taken in case of fire; 

(l) the limits of weight to be lifted or moved by workers; 

(m) the safe transport of workers to or from any workplace by water and provision of 

means for rescue from drowning; 

(n) the steps to be taken to prevent danger to workers from live electric wires or apparatus 

including electrical machinery and tools and from overhead wires; 

(o) the keeping of safety nets, safety sheets and safety belts where the special nature or the 

circumstances of work render them necessary for the safety of the workers; 

(p) the standards to be complied with regard to scaffolding, ladders and stairs, lifting 

appliances. ropes, chains and accessories, earth moving equipement and floating 

operational equipments; 

(q) the precautions to be taken with regard to pile driving, concrete work, work with hot 

asphalt, tar or other similar things, insulation work, demolition operations, excavation, 

underground construction and handling materials; 

(r) the safety policy, that is to say, a policy relating to steps to be taken to ensure the safety 

and health of the building workers, the administrative arrangements therefor and the 

matters connected therewith, to be framed by the employers and contractors for tile 

operations to be carried on in a building or other construction work: 

(s) the information to be furnished to the Bureau of Indian Standard established under the 

Bureau of Indian Standards Act, 1986 (63 of 1986), regarding the use of any article or 

process covered under that Act in an building or other construction work: 

(t) the provision and maintenance of medical facilities for building workers; 

(u) any other matter concerning the safety and health of workers working in any of the 

operations being carried on in a building or other construction work. 

41. Framing of model rules for safety measures.- The Central Government may, after 

considering the recommendation of the expert committee constituted under section n5, 

fran1e model rules in respect of all or any of the matters specified in section 40 and where 

any such model rules have been framed in respect of (my such matter, the appropriate 

Government shall while making any rules in respect of that matter under section 40, so far 

as is practicable, conform to such model rules. 

 



 

The Factories Act, 1948 (Act No. 63 of 1948), as amended by the Factories (Amendment) 

Act, 1987 (Act 20 of 1987), serves to assist in formulating national policies in India with 

respect to occupational safety and health in factories and docks in India. It deals with 

various problems concerning safety, health, efficiency and well-being of the persons at 

work places. 

The Act is administered by the Ministry of Labour and Employment in India through its 

Directorate General Factory Advice Service & Labour Institutes (DGFASLI) and by the State 

Governments through their factory inspectorates. DGFASLI advises the Central and State 

Governments on administration of the Factories Act and coordinating the factory inspection 

services in the States. 

The Act is applicable to any factory using power & employing 10 or more workers and if not 

using power, employing 20 or more workers on any day of the preceding twelve months, 

and in any part of which a manufacturing process is being carried on with the aid of power, 

or is ordinarily so carried on, or whereon twenty or more workers are working, or were 

working on any day of the preceding twelve months, and in any part of which a 

manufacturing process is being carried on without the aid of power, or is ordinarily so 

carried on; but this does not include a mine, or a mobile unit belonging to the armed forces 

of the union, a railway running shed or a hotel, restaurant or eating place. 

Major Contents 

Various provisions are described in following chapters: 

 CHAPTER I.- Preliminary 

 CHAPTER II.- The Inspecting Staff 

 CHAPTER III.- Health 

 CHAPTER IV.- Safety 

 CHAPTER IVA.- Provisions relating to Hazardous processes 

 CHAPTER V.- Welfare & Grievance 

 CHAPTER VI.- Working hours of adults 

 CHAPTER VII.- Employment of young persons 



 CHAPTER VIII.- Annual leave with wages 

 CHAPTER IX.- Special provisions 

 CHAPTER X.- Penalties and procedure 

 CHAPTER XI.- Supplemental 

Objective of Factories Act ,1948 

The main objectives of the Indian Factories Act, 1948are to regulate the working conditions 

in factories, to regulate health, safety welfare, and annual leave and enact special provision 

in respect of young persons, women and children who work in the factories. 

1.Working Hours: 

According to the provision of working hours of adults, no adult worker shall be required or 

allowed to work in a factory for more than 48 hours in a week. There should be a weekly 

holiday. 

2.Health: 

For protecting the health of workers, the Act lays down that every factory shall be kept 

clean and all necessary precautions shall be taken in this regard. The factories should have 

proper drainage system, adequate lighting, ventilation, temperature etc. 

Adequate arrangements for drinking water should be made. Sufficient latrine and urinals 

should be provided at convenient places. These should be easily accessible to workers and 

must be kept cleaned. 

3. Safety: 

In order to provide safety to the workers, the Act provides that the machinery should be 

fenced, no young person shall work at any dangerous machine, in confined spaces, there 

should be provision for manholes of adequate size so that in case of emergency the 

workers can escape. 

4. Welfare: 

For the welfare of the workers, the Act provides that in every factory adequate and suitable 

facilities for washing should be provided and maintained for the use of workers. 



Facilities for storing and drying clothing, facilities for sitting, first-aid appliances, shelters, 

rest rooms’ and lunch rooms, crèches, should be there. 

 

 

5. Penalties:- 

The provisions of The Factories Act, 1948, or any rules made under the Act, or any order 

given in writing under the Act is violated, it is treated as an offence. The following penalties 

can be imposed:- 

(a) Imprisonment for a term which may extend to one year; 

(b) Fine which may extend to one lakh rupees; or 

(c) Both fine and imprisonment. 

If a worker misuses an appliance related to welfare, safety and health of workers, or in 

relation to discharge of his duties, he can be imposed a penalty of Rs. 500/-. 

Applicability of Factories Act, 1948 

The Act is applicable to any factory whereon ten or more workers are working, or were 

working on any day of the preceding twelve months, and in any part of which a 

manufacturing process is being carried on with the aid of power, or is ordinarily so carried 

on, or whereon twenty or more workers are working, or were working on any day of the 

preceding twelve months, and in any part of which a manufacturing process is being carried 

on without the aid of power, or is ordinarily so carried on; but this does not include a mine, 

or a mobile unit belonging to the armed forces of the union, a railway running shed or a 

hotel, restaurant or eating place. 

Importance of Factories Act, 1948 

The Factories Act, 1948 is a beneficial legislation. The aim and object of the Act is essentially 

to safeguard the interests of workers, stop their exploitation and take care of their safety, 

hygiene and welfare at their places of work. It casts various obligations, duties and 

responsibilities on the occupier of a factory and also on the factory manager. Amendments 

to the Act and court decisions have further extended the nature and scope of the concept 

of occupier, especially vis-a-vis hazardous processes in factories. 



Definitions 

1.Who is an Occupier? 

According to section 2(n) "occupier" of a factory means the person, who has ultimate 

control over the affairs of the factory, 

 

Provided that- 

(i) in the case of a firm or other association of individuals, any one of the individual partners 

or members thereof shall be deemed to be the occupier; 

(ii) in the case of a company, any one of the directors, shall be deemed to be the occupier: 

(iii) in the case of a factory owned or controlled by the Central Government or any State 

Government, or any local authority, the person or persons appointed to manage the affairs 

of the factory by the Central Government, the State Government or the local authority, as 

the case may be, shall be deemed to be the occupier: 

Provided further that in the case of a ship which is being repaired, or on which maintenance 

work is being carried out, in a dry dock which is available for hire, 

(1) the owner of the dock shall be deemed to be the occupier for the purposes of any 

matter provided for by or under- 

(a) section 6, section 7, section 7A, section 7B, section 11 or section 12; 

(b) section 17, in so far as it relates to the providing and maintenance of sufficient and 

suitable lighting in or around the dock; 

(e) section 18, section 19, section 42, section 46, section 47 or section 49, in relation to the 

workers employed on such repair or maintenance; 

HEALTH 

Section 11: Cleanliness:- Section 11 requires the employer or occupier of the factory to 

maintain cleanliness by keeping the factory free from effluvia arising from any drain or 

other nuisance. Effluvia has not been defined in the Act but it means the disagreeable 

vapors arising from decaying matter and for this purpose the dirt and refuse arising out of 

the manufacturing process shall not be allowed to be accumulated and therefore effective 

methods for sweeping the floors and benches of the workrooms, stair case, passages should 



be adopted to dispose of such effluvia. The above mentioned premises should be cleared at 

least once in a week and disinfected whenever necessary. Section 11 makes elaborate 

provisions for maintaining whole premises including, walls, partition, ceilings, doors and 

windows to be cleaned and painted or varnished at least once in 5 years. To ensure proper 

implementation of these provisions, it is also required that the employer shall maintain a 

register to enter the dates on which such processes have been carried out [Clauses (a) to 

(e)]. However an alternative provision is also made under sub-section (2) that if, by the very 

nature of operations carried out in a factory, it is not practicably possible for the employer 

to comply with the requirements of sub-section (1) above, the State Government may, by 

order, exempt such factory or part of the factory, from all or any of the provision of sub-

section (1) and specify alternative methods for keeping the factory in a clean state. (Sec. 11) 

Section 12: Disposal of Waste and Effluents:- Section 12 requires for treatment for disposal 

of wastes and effluents due to manufacturing process so as to render it innocuous by 

making approved method prescribed by the concerned authority. The word ‘innocuous’ is 

again not defined in the Act but etymologically it means ‘harmless’. 

 

Section 13: Ventilation and Temperature is to be maintained in any work room through 

adequate ventilation and circulation of air. The temperature in the work room should be 

secured to provide comfort to workers and prevent injury to their health. The Chief 

Inspector of Factories may prescribe proper measuring instruments and suitable measures 

for maintaining suitable temperature and ventilation in the work room. 

 

Section 14: Dust and Fumes are required to be prevented by suitable measures to give off 

any dust or fumes likely to be injurious to the workers. Measures should be taken to 

prevent inhalation and accumulation of such injurious dust and fumes by providing exhaust 

appliances. It is further required that no stationary internal combustive engine shall be 

operated unless the exhaust is conducted into open air. 

Section 15: Artificial Humidification is required to be regulated by prescribed standards of 

humidification and adequate ventilation and cooling the air in the work room. 

 

Section 16: Over-crowding in the work room should be avoided and sufficient elbow-room 

should be provided for the workers to work comfortably without congestion. It is required 

that at least 9.9 cubic metres space should be provided for each worker, if the factory is in 

existence at the time of commencement of this Act, and a space of at least 4.2 cubic metre 

per worker should be provided in every factory started after the commencement of the Act. 



 

Section 17: Lighting should be provided in a suitable manner, by natural or artificial 

methods or by both. All glazed windows and sky lights should be kept clean and there 

should not be any glare or reflection from any smooth or polished surface. The lighting 

should not form shadows so as to cause strain to eyes or cause accident. 

 

Section 18: Drinking Water should be made available at all convenient places and all such 

points shall be legibly marked “drinking water” and no such drinking water should be 

situated within six metres of any washing place, urinal, latrine, spittoon etc. The water 

should be wholesome, free from any contamination and during hot weather cool drinking 

water should be provided to workers. 

 

Section 19: Latrines and Urinals should be provided at convenient places and then should 

be separate latrines and urinals for male and female workers. All latrines and urinals should 

be kept clean and maintain by prescribed sanitary types and rules. 

Section 20: spittoons should be provided at suitable places and sufficient manner. There 

should be maintained properly and no person shall spit within the premises of the factory 

except in the spittoons. The provision shall be made for penalty in case of violation of this 

rule. 

SAFETY 

Safety of the worker from any injury or occupational disease is the prime purpose to create 

conducive and safe environment of work. Therefore provisions are made under Sections 21 

to 41 of the Factories Act as under- 

Section 21: Fencing of Machinery:- it is laid down that in every factory proper fencing 

should be provided to every moving part of a prime mover and every flywheel connected to 

prime mover or engine. Every electric motor, rotary converter, part of transmission and 

every dangerous part of other machinery should be securely fenced by safeguards to 

prevent any accident, particularly when such machinery is in motion or use. It may be noted 

that most of the accidents takes place due to non-compliance of this provision in many 

cases under the Employee's Compensation Act are arising due to the violation of these 

security measures. 

 

Section 22: Work on or near machinery in motion:- Whenever it is necessary to examine 

any part of machinery, while the machinery is in motion, for the purpose of repair, 



lubrication or adjusting operation, such examination or operation shall be carried out only 

by specially trained adult male worker wearing tight fitting clothing and whose name shall 

be recorded in the prescribed register. 

Section 23: Employment of Young Persons on Dangerous Machines:- This section prohibits 

the employer from requiring any young person to work at any machine unless he has been 

fully instructed as to the dangers arising in connection with the machine. Precautions 

should be observed to ensure that such person has received sufficient training at the 

machine and that he is working under adequate supervision by a person who has thorough 

knowledge and experience of the machine. 

 

Section 24: Striking gear and devices for cutting power:- To avoid or atleast to mitigate 

injury to the persons working at the dangerous machines or prime mover, it is required that 

the whole process should be provided with suitable striking gear and other mechanical 

devices to disconnect the power immediately whenever necessary to avoid accident or 

injury. Similarly when a device, which can be inadvertently shift from ‘off to ‘on’ position is 

provided in a factory to cut-off power, arrangements shall be made for locking the device in 

safe  

 

Section 25: Self-acting machines:- Wherever self-acting machines are put in operation at 

least a distance of space of 45 centimetres should be provided from any fixed structure and 

no person should be able to pass through near to the machine within the prescribed 

distance of space. 

Section 26: Casing of New Machinery:- In all machinery driven by power and installed in a 

factory, every set screw, bolt or key or any revolving shaft, spindle wheel or pinion shall be 

encased and effectively guarded to prevent danger. 

 

Sections 27 to 41:- The other Sections from Section 27 to 41 of this Chapter on safety 

provide for prohibition of employment of women and children near cotton-opener (Section 

27) and safety measure for hoists and lifts, lifting machines, revolving machinery, pressure 

plant, excessive weights, protection of eyes, protection against dangerous fumes, 

protection from explosive or inflammable dust or gas, precaution in case of fire etc. and 

ensure safety of the workers.  

Hazardous Processes 



 

This Chapter IV-A relating to Hazardous Processes is provided by an amendment in the year 

1987 making provisions under Sections 41-A to 41-H. It requires that the State Government 

shall constitute a Site Appraisal Committee for the purpose of advising to consider 

application for grant of permission to the initial location of a factory involving a hazardous 

process. It requires compulsory disclosure of information by the occupier of such factory 

where such hazardous processes is involved, in a manner prescribed for taking measures to 

overcome such hazards arising from the exposure or handling, transportation, storage or 

processes, so that they could be checked by Chief Inspector or local authority. It also 

requires for emergency standards, workers’ participation in safety management. Section 

41-H confers a right on workers to warn about imminent danger and imposes responsibility 

on the occupier in relation to such hazardous processes. The Central Government may 

appoint Inquiry Committee in the event of any occurrence of an extraordinary situation 

involving hazardous process in a factory (Section 41-D). In case the employer fails to provide 

safety measures as required by this Chapter or such measures are inadequate, the Central 

Government may direct the Director-General of Factory Advice Service and Labour Institute 

or any other institute specialised in the matter relating to standards of safety of hazardous 

process, to lay down emergency standards for enforcement of suitable standards. 

Welfare 

 

Chapter V contains provisions for welfare of the workers in the factory and they are 

incorporated under Sections 42 to 50 of the Factories Act, 1948 

 

Section 42: Washing Facilities:- It lays down that in every factory adequate and suitable 

facilities should be provided for washing separately for male and female workers. All such 

washing facilities shall be easily accessible and kept clean. 

 

Section 43: Facilities for storing and drying clothing require that there should be adequate 

facilities for keeping clothing not worn during working hours and for the drying of the wet-

clothing. 

 

Section 44: Facilities for sitting should be provided particularly where the workers are 

required to work in standing position, so that they may take advantage of any opportunity 

for rest which may occur in the course of their work. 

 



Section 45: First-Aid Appliances should be provided and maintained so as to be readily 

accessible in case of requirement. The contents of such First Aid Boxes should be 

maintained properly. 

 

Section 46: Canteen:- The State Government may make rules that in any specified factory 

wherein more than 250 workers are ordinarily employed, a canteen shall be provided and 

maintained by the occupier for the use of workers. The food-stuff, furniture, 

accommodation and equipment in the canteen shall be of prescribed standard and nature. 

 

Section 47: Shelters, rest-room and lunch room:- In every factory where more than 150 

workers are employed, adequate and suitable shelters or rest-room and lunch rooms 

should be provided with facility of drinking water. Such rest-room or shelter shall be well 

ventilated and maintained in a clean condition. 

Section 48: Creches:- It is provided that in every factory where more than 30 women 

workers are ordinarily employed, there shall be provided a suitable room for the use of 

children under the age of 6 years of such women. The creches should also be well ventilated 

and maintained in clean conditions. The furniture, construction and accommodation should 

be as per prescribed rules. 

 

Additionally provision shall be made for the care of children belonging to women workers 

along with the facility for changing and washing the clothing of such children. 

 

Section 49: Welfare Officers:- In every factory when 500 or more number of workers are 

employed, the occupier shall employ in the factory such number of Welfare Officers as may 

be prescribed. The State Government may prescribe their qualifications and duties. 

 

 

 

 

 



 

 

 

 
 

 
 

 

Three roll bending machines 
 

Three roll bending machines roll sheet metal to form curves. 
 
 

When sheet metal is placed manually between the rollers, which must turn to secure the metal sheet, fixed 

or interlocked guards are impracticable. Plate metal thicker than approximately 6 mm will be placed by 

crane to prevent the operator getting too close to the rollers, and reduce the risk of manual handling 

injuries. 

 
 

 

Figure 1: Three roll bending machines  

 
 
 
 
 



 

 

 
 

 
Hazards 

 
Trapping between rollers & metal 

Trapping between turning rollers 

Contact with sharp edges of metal 

Noise 

Slips, trips & falls 

Entanglement from unexpected movement (during maintenance, cleaning & repairs) 

 
Personal protective equipment (PPE) 

 
Ear protection 

Eye protection 

Hand protection 



 

 

Tasks 
 

Task – Feed sheet metal through the rollers 

 
HAZARD 

 

 
 
 

HARM 

 

 
 
 

CONTROLS 

 

 

Sheet metal is usually placed by hand between the rollers, which turn together to pull the sheet through. As 

it passes between the rollers, the sheet curves to a diameter limited by the size of the rollers. The action 

that draws in a metal sheet can also draw in a hand. Finger ends of gloves can become entangled and 

draw fingers and hands into nips. 

 
 

 

Task – Load & unload 

 
HAZARD 

 

 
 
 

HARM 

 
Trapping between rollers & metal 

 
Trapped hands and fingers 

Crush injuries 

 
ENSURE safety devices are in place, such as an emergency stop wire or kick plate. 

ENSURE kick panels have a switch at each end. 

FIT emergency stop devices on both sides of the machine. 

HOLD workpieces back from the edge of the metal, allowing metal to be fed into rollers 

without contact. 

ONLY WEAR gloves if they are fingerless. 

 
Trapping between turning rollers & moving workpieces 



 

 

 

 
 
 
 

CONTROLS 

 

 
 
 

HAZARD 

 

 
 
 

HARM 

 

 
 
 

CONTROLS 

 

 
 
 

Other (non-mechanical) hazards 

 
HAZARD 

 

 
Trapped hands 

Crush injuries 

 
Operation MUST only occur when the machine is in “run” position. 

COVER pedals to minimise the chance of accidental starts. 

FIT emergency stop devices. 

 
Contact with sharp edges of metal sheets 

 
Cuts 

 
WEAR fingerless gloves to protect palms. 

 
Noise 



 

 

HARM 

 

 
 
 

CONTROLS 

 

 

A safe noise level over an eight hour day is 85dB(A). A three roll bending machine may exceed this noise 

intensity. 

 
 

 
HAZARD 

 

 
 
 

HARM 

 

 
 
 

CONTROLS 

 

 
 
 

Task – Maintenance, cleaning & repairs 

 
Hearing damage or loss 

 
REDUCE noise levels by isolating machines or enclosing within noise barriers. 

ASSESS noise levels. 

ARRANGE hearing screenings. 

ALWAYS WEAR hearing protection. 

 
Slips, trips and falls 

 
Trapping 

Cuts 

Bruising 

 
KEEP up-to-date housekeeping procedures. 

KEEP the area around machines clear of slip and trip hazards. 



 

 

HAZARD 

 

 
 
 

HARM 

 

 
 
 

CONTROLS 
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Entanglement from unexpected movement 

 
Trapped hands and fingers 

Crush injuries 

 
LOCK-OUT all power supplies before maintenance, cleaning and repairs. 

KEEP written safety procedures, and ARRANGE regular safety inspections by a competent 

person. 

REMOVE or LOCK-OUT machines that fail inspection, and DO NOT USE until repaired or 

replaced. 
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CNC(Computer Numerical Control) 

Unit 1: Introduction to CNC 

What is CNC? CNC is a Computer Numerical Control. CNC is the automation of machine 
tools that are operated by precisely programmed commands encoded and played by a 
computer as opposed to controlled manually via handwheels or levers. 

In modern CNC systems, end-to-end component design is highly automated using 
Computer-Aided Design (CAD) and Computer-Aided Manufacturing (CAM) programs. The 
series of steps needed to produce any part is highly automated and produces a part that 
closely matches the original CAD design. 

In the CNC machines the role of the operators is minimized. The operator has to merely feed 
the program of instructions in the computer, load the required tools in the machine, and 
rest of the work is done by the computer automatically. The computer directs the machine 
tool to perform various machining operations as per the program of instructions fed by the 
operator. 

The CNC technology can be applied to wide variety of operations like drafting, assembly, 
inspection, sheet metal working, etc. But it is more prominently used for various metal 
machining processes like turning, drilling, milling, shaping, etc. Due to the CNC, all the 
machining operations can be performed at the fast rate resulting in bulk manufacturing 
becoming quite cheaper. 

How It Works 

The CNC machine comprises of the computer in which the program is fed for cutting of the 
metal of the job as per the requirements. All the cutting processes that are to be carried out 
and all the final dimensions are fed into the computer via the program. The computer thus 
knows what exactly is to be done and carries out all the cutting processes. CNC machine 
works like the Robot, which has to be fed with the program and it follows all your 
instructions. 

You don’t have to worry about the accuracy of the job; all the CNC machines are designed to 
meet very close accuracies. In fact, these days for most of the precision jobs CNC machine is 
compulsory. When your job is finished, you don’t even have to remove it, the machine does 
that for you and it picks up the next job on its own. This way your machine can keep on 
doing the fabrication works all the 24 hours of the day without the need of much 
monitoring, of course you will have to feed it with the program initially and supply the 
required raw material. 

Since the earliest days of production manufacturing, ways have been sought to increase 
dimensional accuracy as well as speed of production. Simply put, numerical control is a 
method of automatically operating a manufacturing machine based on a code of letter, 
numbers, and special characters. As they developed, application of digital computers control 



of manufacturing equipment was realized. Computers were soon used to provide direct 
control of machine tools. The integrated circuit led to small computers used to control 
individual machines, and the computer numerical control (CNC) era was born. This 
Computer Numerical Control era has become so sophisticated it is the preferred method of 
almost every phase of 

precision manufacturing, particularly machining. Precision dimensional requirements, 
mainstay of the machining processes, are ideal candidates for use of computer control 
systems. Computer numerical control now appears in many other types of manufacturing 
processes. A distinct advantage of computer control of machine tools is rapid, high-
precision positioning of workpiece and cutting tools. 

Today, manual machine tools have been largely replaced by Computer numerical 
Control(CNC) machine tools. The machine tool are controlled electronically rather than by 
hand. CNC machine tools can produce the same part over and over again with very little 
variation. Modern CNC machines can position cutting tools and workpieces at traverse feed 
rates of several hundred inches per minute, to an accuracy of .0001”. Once programming is 
complete and tooling is set up, they can run day or night, week after week, without getting 
tried, with only routine service and cutting tool maintenance. These are obvious advantage 
over manual machine tools, which need a great deal of human interaction in order to do 
anything. Cutting feed rates and spindle speeds may be optimized through program 
instructions. Modern CNC machine tools have turret or belt toolholders and some can hold 
more than 150 tools. Tool change take less than 15 seconds. 

Computer Numerical Control machine are highly productive. They are also expensive to 
purchase, set up, and maintain. However, the productivity advantage can easily offset this 
cost if their use is properly managed. A most important advantage of CNC is ability to 
program the machine to do different jobs. Tool selection and changing under program 
control is extremely productive, with little time wasted applying a tool to the job. 

A program developed to accomplish a given task may be used for a short production run of 
one, or a few parts. The machine may then be set up for a new job and used for long 
production runs of hundreds or thousands of production units. It can be interrupted, used 
for the original job or another new job, and quickly returned to the long production run. 
This makes the CNC machine tool extremely versatile and productive. Computer-aided 
design(CAD), has become the preferred method of product design & development. The 
connection between CAD & CNC was logical. A computer part design can go directly to 
program used to develop CNC machine control information. A CNC manufacturing machine 
can then make the part. The computer is extremely useful for assisting the CNC 
programmer in developing a program to manufacture a specific part. Computer-aided 
manufacturing, or CAM, systems are now the industry standard for programming. When 
CAD, CAM & CNC are blended, the greatest capability emerges, producing parts extremely 
difficult or impossible to make by manual methods. 

CNC motion is based on the Cartesian coordinate system. A CNC machine cannot be 
successfully operated without an understanding of the how coordinate systems are defined 
in CNC machine and how the systems work together. 



To fully understand numerical control programming you must understand axes and 
coordinates. Think of a part that you would have make. You could describe it to someone 
else by its geometry. For example, the part you have make is a 5 inch by 8 inch rectangle. All 
parts can be described in this fashion. Any point on the machined part, such as a pocket to 
be cut or a hole to be drilled, can be described in term of its position. The system that allows 
us to do this, called the Cartesian Coordinate or rectangular coordinate system. 

 

CNC OPERATION 

 CNC machine setup and operation follows the process below: 

1. Pre-Start 
2. Start/Home 
3. Load Tools 
4. Mount Remove Part into the vise 
5. Set Tool Length Offsets Z 
6. Set Part Offset XY 
7. Load CNC Program 
8. Dry Run 
9. Run Program 
10. Adjust Offsets as Needed 
11. Shut Down 

1. Pre-Start 

Before starting the machine, check to ensure oil and coolant levels are full. Check the 
machine maintenance manual if you are unsure about how to service it. Ensure the work 
area is clear of any loose tools or equipment. If the machine requires an air supply, ensure 
the compressor is on and pressure meets the machine requirements. 

2. Start/Home 

Turn power on the machine and control. The main breaker is located at the back of the 
machine. The machine power button is located in the upper-left corner on the control face. 

3. Load Tools 

Load  all tools into the tool carousel in the order listed in the CNC program tool list. 

4. Mount the Part in the Vise 

Place the Part to be machine in the vise and tighten. 



5. Set Tool Length Offsets 

Set Tool Length Offsets For each tool used in the order listed in the CNC program, jog the 
Tools to the top of the part and then set the TLO. 

6. Set Part Offset XY 

Once the vise or other Part is properly installed and aligned on the machine, set the fixture 
offset to locate the part XY datum. 

7. Load CNC Program 

Load your CNC program into CNC machine control using USB flash memory, or floppy disk. 

8.  Dry Run 

Run the program in the air about 2.00 in. above the part . 

9. Run Program 

Run the program, using extra caution until the program is proven to be error-free. 

10. Adjust Offsets as Required 

Check the part features and adjust the CDC or TLO registers as needed to ensure the part is 
within design specifications. 

11. Shut Down 

Remove part from the vise and tools from the spindle, clean the work area, and properly 
shut down the machine. Be sure to clean the work area and leave the machine and tools in 
the location and condition you found them. 

 

 

 

 

 

 

 

 



UNIT 6: HAAS CONTROL 

OBJECTIVE 

After completing this unit, you should be able to: 

 Identify the Haas Control. 
 Identify the Keyboard. 
 Describe Start/Home Machine procedure. 
 Describe Door Override procedure. 
 Describe Load Tools procedure. 
 Describe Tool Length Offset (TLO) for each tool. 
 Verify part zero offset(XY) using MDI. 
 Describe the setting tool offset. 
 Verify Tool Length offset using MDI. 
 Describe the procedure of load CNC program. 
 Describe the procedure of save CNC program. 
 Explain how to run CNC program. 
 Describe the use of cutter diameter compensation. 
 Describe the shut down program. 

HAAS CONTROL 

The Haas control is shown in Figures 18 and 19. Familiarize yourself with the location of 
buttons and controls. Detailed instructions on the following pages show how to operate the 
control. 



 

Figure 1. Haas CNC Mill Control Haas Keyboard 

KEYBOARD 

Keyboard keys are grouped into these functional areas: 

1. Function Keys 

2. Cursor Keys 

3. Display Keys 

4. Mode Keys 

5. Numeric Keys 



6. Alpha Keys 

7. Jog Keys 

8. Overrides Keys 

 

Figure 2. Haas CNC Control Buttons/ Keyboard keys 

START/HOME MACHINE 

Checklist: 

1.  Work Area: Made sure  work area is Clear 

2.  Main Breaker:  Turn On 



3.  Air Supply: Turn On Air to Correct pressure (at least 70PSI for tool changer to operate) 

4.  POWER ON: Press Green Button 

5. Ensure Emergency Stop is not tripped. If it is, twist red knob right to release. 

6. Wait until message 102 SERVOS OFF appears before proceeding. 

7. RESET 

8. Power On Restart 

9. Ensure doors are closed and work area is clear. 

10. Allow all machine axes to home before proceeding 

 

Figure 3. Start/Home Machine 

DOOR OVERRIDE 

1. Mem: Select and Press Mem. 

2. Setting Graph: Select and Press Setting Graph 



3. Enter 51 

4. Cursor: Press down arrow key and then the right arrow key to turn off 

5. Write/Enter: Select and Press Write/Enter 

 

Figure 4. Door Override 

LOAD TOOLS 

Checklist: 



1. MDI/DNC Key: Press the MDI/DNC button. 

2. Tool Number: 

 For example, to position the tool changer to T1, 

 Press the T and then the 1 buttons. 

3. ATC FWD: Press the ATC FWD button. 

 Tool carousel will index to T1 position. 

4. Position Tool in Spindle 

 Do not grip by tool cutting flutes! 
 Ensure tool taper is clean. 
 Grip tool holder below V-flange to prevent pinching. 
 Push tool into spindle. 
 Ensure “dogs” on spindle line up with slots on tool holder. 

5. Tool Release: Press the Tool Release button 

 Machine will blow air thru spindle to clear debris. 
 Gently push the tool upward and then release the Tool Release button. 
 Ensure tool is securely gripped by spindle before releasing it. 

6. Repeat steps 2-5 until all tools are loaded. 



 

Figure 5. Load Tools 

SETTING OFFSETS 

To machine a part accurately, the mill needs to know where the part is located on the table 

and the distance from the tip of the tools to the top of the part (tool offset from home 

position). 

To manually enter offsets:  

1. Choose one of the offsets pages. 

2. Move the cursor to the desired column. 



3. Type the offset value you want to use. 

4. Press (ENTER) or (F1). The value is entered into the column. 

5. Enter a positive or negative value and press (ENTER) to add the amount entered to  the 
number in the selected column; press (F1) to replace the number in the column. 

JOG MODE 

Jog mode lets you jog the machine axes to a desired location. Before you can jog an axis, 

the machine must establish its home position. The control does this at machine power-up. 

To enter jog mode:  

1. Press (HANDLE JOG). 

2. Press the desired axis (+X, -X, +Y,-Y, +Z, -Z). 

3. There are different increment speeds that can be used while in jog mode; they are (.0001), 
(.001), (.01) and (.1). Each click of the jog handle moves the axis the distance defined by the 
current jog rate. You can also use an optional Remote Jog Handle (RJH) to jog the axes. 

4. Press and hold the handle jog buttons or use the jog handle control to move the axis. 

SET TOOL LENGTH OFFSET (TLO) 

Checklist: 

1. Handle Jog Mode: Select the Handle Jog button. 

 This sets machine to be controlled by the hand wheel. 

2. Jog Increment: .01 

 This sets the job increment so each click of the hand wheel moves the tool .01 inches in 
the jog direction. 

3.Jog Direction: Press the Z button 

 This sets the tool to move in Z when the jog handle is moved. 



 

Figure 6. TLO 

4. Offsets: Select and Press Offset 

 Tool Offset page displays. 

5. Cursor Arrows: Align for active tool 

 Use the Up-Dn cursor keys (if needed) to move the highlighted bar on the graphics 
display over the offset values for the currently active tool. 



 

Figure 7. Offset 

6.Use 1-2-3 Block to Set Tool Length 

 Jog so tool is below top block. 
 Apply slight pressure to block against tool. Use Jog Wheel to raise tool until the block 

just slides underneath it. 
 Move block out of way and then move tool back down .01 inches below top of block. 



 

Figure 8 

7. Jog Increment: .001 

 Reduce jog increment and use jog handle to raise tool in .001 increments until it just 
slides under the block again. 

8. Tool Offset Measure: Select and Press Tool Offset Measure 

 This causes the control to enter the current position of the tool in the length offset 
register. 

 Make sure the tool length number updates before proceeding. 

9. Next Tool: Select and Press Next Tool 

 This causes the current tool to be put away and the next tool to be loaded. 
 Repeat steps 1 thru 9 until all tools are set. 



 

Figure 9. Offset Display Page 

NOTE:  

Setting tools requires manually jogging the machine with hands in the machine work 
envelope. Use extreme caution and observe the following rules: 

• The spindle must be off. 

• Never place your hand between the tool and the workpiece. 

• Ensure the correct axis and jog increment are set before jogging. 

• Move the handle slowly and deliberately. Keep your eyes on your hands and the tool 
position at all times. 

• Never allow anyone else to operate the control when your hand is in the work area. 



HOW TO ACCESS MDI 

The Manual Data Input Mode (MDI) is one of the modes your CNC machine can operate in. 
The idea is to enter G-Codes or M-Codes on a line which are executed immediately by the 
machine–you don’t have to write an entire g-code program when a line or two will suffice. 
MDI offers a lot of power while requiring very little learning. You can even use MDI 
commands to machine your part. With MDI, CNC can be quick and dirty just like manual 
machining. 

 

Figure 10. MDI 

Press the MDI key on your CNC control panel to go to MDI mode. 

For Example: 

Press MDI/DNC 

Erase Prog: Select and Press (to clear any commands) 

Enter S1200 M03 (Spindle Speed 1200 RPM, On CW) 



SETTING PART ZERO OFFSET OFFSET XY(USING EDGE FINDER)  

Checklist: 

1. MDI/DNC Key: Select and Press MDI/DNC 

2. Erase Prog: Select and Press Erase Prog to clear any commands 

3. Turn on Spindle Speed: S1200 

 Press S1200 M03(Input): Select: Write/Enter 

4. Cycle Start: Select 

 Spindle will start CW at 1200 RPM 



 

Figure 11. Turn on Spindle Speed (MDI) 

5. Handle Jog: Select Handle Jog and Jog Increment: .01 

6. Jog Handle: As Needed 

 Select jog direction and use handle as required to place edge finder stylus alongside the 
left part edge. 



 
7. Jog Increment: .001 

 Move edge finder slowly until it just trips off center as shown below. 

 This places the center of the spindle exactly .100 from the part edge 

 



 

Figure 12. Just before tripping                                    Figure 13. Just after tripping 

8 .Jog Handle: Retract in Z                                                                

• Jog straight upward in Z until edge finder is above part and jog handle reads zero on the 
dial. 

9. Jog Handle: Set jog direction to +X and rotate handle one full turn 

clockwise.  

Since the control is in .001 increment mode, rotating the dial exactly one full turn places the 
center of the spindle directly over the left part edge. 

10. Offset Page: Select and Press  

• Select Offset button and PgUp/PgDn buttons until Work Zero Offset page appears. Use 
Arrow keys to highlight G54 (or whatever fixture offset is to be set). 

11. Part Zero Set: Press Part Zero Set 

• This sets the G54 X value to the current spindle position. 



12. Spindle Stop: Press spindle stop 

13. For Setting the Y-axis repeat steps 6-11 

 

USING MDI TO VERIFY PART ZERO OFFSET 

1. MDI/DNC Key: Select and Press MDI/DNC 

2. Erase Prog: Select and Press (to clear any commands) 

3. Enter G00 G90 G54 X0 Y0 

4. Insert: Select and Press Insert 

5. Cycle Start: Select and Press Cycle Start 



 

Part Zero Offset X0 Y0 (MDI) 

 To shift the datum RIGHT in relation to the machine operator, ADD a shift amount to 
the offset X-value. For example, to shift X+.1, input .1 WRITE/ENTER. 

 To shift the datum CLOSER to the machine operator, SUBTRACT a shift amount from 
the offset Y-value. For example, to shift Y-.1, input -.1 WRITE/ENTER 

Setting Part Zero Offset XY(Using Mechanical pointer)  

In order to machine a part, the mill needs to know where the part is located on 



the table. You can use an edge finder, an electronic probe, or many other tools and 

methods to establish part zero. To set the part zero offset with a mechanical pointer: 

1. Place the material (1) in the vise and tighten. 

 

Figure 14. Setting Part Zero XY (Using Mechanical pointer) 

2. Load a pointer tool (2) in the spindle. 

3. Press (HANDLE JOG) (E). 

4. Press (.1/100.) (F) (The mill will move at a fast 

 speed when the handle is turned). 

5. Press (+Z) (A). 

6. Handle jog (J) the Z-Axis approximately 1″ above the part. 

7. Press (.001/1.) (G) (The mill will move at a slow speed when the handle is turned). 

8. Handle jog (J)the Z-Axis approximately. 0.2″ above the part. 

9. Select between the X and Y axes (I) and handle jog (J) the tool to the upper left corner 

of the part (See Figure 36 above (9). 

10. Press (OFFSET) (C) until the Active Work Offset pane is active. 

11. Cursor (H) to G54 X-Axis column. 

12. Press [PART ZERO SET] (B) to load the value into the X-Axis column. The second 

press of [PART ZERO SET] (B) loads the value into the Y-Axis column. 



 

SETTING TOOL OFFSET 

The next step is to touch off the tools. This defines the distance from the tip of the tool to 

the top of the part. Another name for this is Tool Length Offset, which is designated as H in 

a line of machine code. The distance for each tool is entered into the Tool Offset Table. 

Setting Tool Offset. With the Z Axis at its home position, Tool Length Offset is measured 

from the tip of the tool (1) to the top of the part (2). See Figure 15. 



 

1. Load the tool in the spindle (1). 

2. Press (HANDLE JOG) (F). 

3. Press (.1/100.)(G) (The mill moves at a fast rate when the handle is turned). 

4. Select between the X and Y axes (J) and handle jog (K) the tool near the center of the part. 

5. Press (+Z) (C). 

6. Handle jog (K) the Z Axis approximately 1″ above the part. 

7. Press (.0001/.1) (H) (The mill moves at a slow rate when the handle is turned). 

8. Place a sheet of paper between the tool and the work piece. Carefully move the tool 

down to the top of the part, as close as possible, and still be able to move the paper. 

9. Press (OFFSET) (D). 



10. Press (PAGE UP) (E) until you display the Program Tool Offsets window. Scroll to tool 
#1. 

11. Cursor (I])to Geometry for position #1. 

12. Press [TOOL OFFSET MEASURE] (A). 

The next step causes the spindle to move rapidly in the Z Axis. 

13. Press (NEXT TOOL) (B). 

14. Repeat the offset process for each tool. 

 

Figure 15. Setting Tool Offset (sheet of paper) 



USING MDI TO VERIFY TOOL LENGTH OFFSET 

1. MDI/DNC Key: Select and Press MDI/DNC 

2. Erase Prog: Select and Press (to clear any commands) 

3. Enter G00 G90 G43 H01 Z2.00 

4. Insert: Select and Press Insert 

5. Cycle Start: Select and Press Cycle Start 



 

Figure 16. Tool length Offset (2.00 inch above part using 1 2 3 block to verify) 



LOAD CNC PROGRAM 

1. Edit: Select and Press Edit 

2. F1: Select and Press F1 

3. Cursor: Press the left arrow key to I/O and then the DN arrow key to move the highlight 
bar to Disk Directory. 

4. Write/Enter: Select and Press Write/Enter 

5. Cursor ( Disk Directory): Press the DN arrow key to program to load. 

6. Write/Enter: Select and Press Write/Enter 

 

Figure 17. Load CNC Program 

SAVE CNC PROGRAM 

1. Edit: Select and Press Edit 

2. F1: Select and Press F1 

3. Cursor: Press the left arrow key to I/O and then the DN arrow key to move the highlight 
bar to Send Disk. 

4. Write/Enter: Select and Press Write/Enter 

5. Enter Disk File Name: O80001 



6. Write/Enter 

Figure 18. Save CNC Program 

RUN CNC PROGRAM 

This is the preferred process for running a new program. Once a program is proven, all feed 
rates can be set to 100% and single block mode can be set to off. 

Dry Run Operation 

The machine executes all motions exactly as programmed. Do not use a work piece in the 
machine while dry run is operating. The Dry Run function is used to check a program 
quickly without actually cutting parts. 

  

To select Dry Run:  

1. While in MEM or MDI mode, press (DRY RUN). 

When in Dry Run, all rapids and feeds are run at the speed selected with the jog speed 
buttons. 

2. Dry Run can only be turned on or off when a program has finished or [RESET] is 

pressed. Dry Run makes all of the commanded X Y Z moves and requested tool 

changes. The override keys can be used to adjust the Spindle speeds. 

  

Checklist: 

1. Pre-Start 



 Ensure vise or fixture is secure and that you have a safe setup. 
 There should be no possibility that the work  holding will fail to perform as required. 
 Remove vise handles. 
 Clear the work area of any tools or other objects. 
 Close the machine doors. 

 

 Turn Single Block Mode On. 
 Press Rapid Feedrate -10 button eight times to set rapid Feed Rate Override to 20% of 

maximum. 

2. Start 

 Place one hand on Feed Hold button and be ready to press it in  case there are any 
problems. 

 Press Cycle Start Button. 

 



 

Figure 19. Run CNC Program 

A common error is setting the Fixture or Tool Length offset incorrectly. When running a 
program for the first time, set the machine to Single block mode. Reduce rapid feed rate to 
25%, and proceed with caution. Once the tool is cutting, turn off single block mode and let 
the program run. Do not leave the machine unattended, and keep one hand on the feed hold 
button. Listen, watch chip formation, and be ready to adjust cutting feed rates to suite 
cutting conditions. 

ADJUSTING CDC OFFSETS 

Machining operations that use Cutter Diameter Compensation (CDC: G41/G42) can be 
adjusted to account for tool wear and deflection. Measure across a finished feature on part 
and compare it with the desired value. Subtract the Actual from the Target sizes and enter 
the difference into the CDC register on the control for that tool. For example: 

(Target Feature Size:   2.5000 )  – (Actual Feature Size:   2.5150) =   Wear Value:  -0.0150  



The tool path will now be compensated for the size difference. Running the same operation 
again should result in the feature being exactly the target size 

Wear compensation is used only on contour passes. It is not used for face milling, 3D 
milling, or drill cycles. Select the Wear Compensation option in your CAD/CAM software 
and, if needed, set a Tool Diameter Wear value as shown above. When used, the wear value 
is always a negative number. Always set Tool Diameter Geometry to zero for all tools since 
CAD/CAM software already accounts for the tool diameter by programming the tool center 
line path. 

Checklist: 

1. Offset Page: Select and Press Offset 

2. Adjust Diameter Offset: Select and Enter Value 

 

 Pg Up/Dn to highlight the tool to be adjusted. 
 Enter a value using the numeric keypad. 
 Example Tool Diameter Wear value as shown above: -0.0150 
 Select and Press Writ/Enter 



 

Figure 20. Adjusting CDC Offsets 

SHUT DOWN CNC MACHINE  

Checklist: 

1.Remove tool from spindle: 

 Enter the number of an empty tool carousel. 
 Select ATC FWD 

2. Jog Machine to Safe Area: 

     • Select Jog 



3.Shut Down Button: Press POWER OFF 

Post Power-Down Checklist:  

• Wipe spindle with a soft clean rag to remove coolant and prevent rusting. 

• Put away tools. 

• Clean up work area. 

• Always leave the machine, tools, and equipment in the same or better condition than when 
you found them. 

It is important to clean the machine after each use to prevent corrosion, promote a safe 
work environment, and as a professional courtesy to others. Allow at least 15-30 minutes at 
the end of each class for cleaning. At the very least, put away all unused tools and tooling, 
wash down the machine with coolant, remove standing coolant from the table, and run the 
chip conveyor. 

 

 



Types of Heavy Equipment Used in Construction 

Heavy construction equipment are used for various purposes in large projects. Selection of different 

types of heavy equipment depends on the size of the work and economy of the project. These make 

construction process easier and faster. 

Types of Heavy Construction Equipment 

Different types of heavy equipment commonly used in the construction are as follows: 

1. Excavators 

2. Backhoe 

3. Dragline Excavator 

4. Bulldozers 

5. Graders 

6. Wheel Tractor Scraper 

7. Trenchers 

8. Loaders 

9. Tower Cranes 

10. Pavers 

11. Compactors 

12. Telehandlers 

13. Feller Bunchers 

14. Dump Trucks 

15. Pile Boring Machine 

16. Pile Driving Machine 

Excavators 

Excavators are important and widely used equipment in construction industry. Their general purpose is to 

excavation but other than that they are also used for many purposes like heavy lifting, demolition, river 

dredging, cutting of trees etc. 



Excavators contains a long arm and a cabinet. At the end of long arm digging bucket is provided and 

cabinet is the place provided for machine operator. This whole cabin arrangement can be rotatable up to 

360o which eases the operation. Excavators are available in both wheeled and tracked forms of vehicles. 

 

Backhoe 

Backhoe is another widely used equipment which is suitable for multiple purposes. The name itself 

telling that the hoe arrangement is provided on the back side of vehicle while loading bucket is provided 

in the front. 

This is well useful for excavating trenches below the machine level and using front bucket loading, 

unloading and lifting of materials can be done. 

Dragline Excavator 

Dragline excavator is another heavy equipment used in construction which is generally used for larger 

depth excavations. It consists a long length boom and digging bucket is suspended from the top of the 

boom using cable. 

 Bulldozers 

Bulldozers are another type of soil excavating equipment which are used to remove the topsoil layer up 

to particular depth. The removal of soil is done by the sharp edged wide metal plate provided at its 

front. This plate can be lowered and raised using hydraulic pistons. 

Graders 

Graders also called as motor graders are another type of equipment used in construction especially for 

the construction of roads. It is mainly used to level the soil surface. It contains a horizontal blade in 

between front and rear wheels and this blade is lowered in to the ground while working. Operating 

cabin is provided on the top of rear axle arrangement. 

Motor Graders are also used to remove snow or dirt from the roads, to flatten the surface of soil before 

laying asphalt layer, to remove unnecessary soil layer from the ground etc. 

Wheel Tractor Scrapers 

Wheel Tractor Scrapers are earth moving equipment used to provide flatten soil surface through 

scrapping. Front part contains wheeled tractor vehicle and rear part contain a scrapping arrangement 

such as horizontal front blade, conveyor belt and soil collecting hopper. 

When the front blade is lowered onto the ground and vehicle is moved, the blade starts digging the soil 

above the blade level and the soil excavated is collected in hopper through conveyor belt. When the 

hopper is full, the rear part is raised from the ground and hopper is unloaded at soil dump yard. 

Trenchers 



Trenchers or Trenching machines are used to excavate trenches in soil. These trenches are generally 

used for pipeline laying, cable laying, drainage purposes etc. Trenching machines are available in two 

types namely chain trenchers and wheeled trenchers. 

Chain trenchers contains a fixed long arm around which digging chain is provided. Wheeled trenchers 

contains a metal wheel with digging tooth around it. To excavate hard soil layers, wheeled trenchers are 

more suitable. Both types of trenchers are available in tracked as well as wheeled vehicle forms. 

Loaders 

Loaders are used in construction site to load the material onto dumpers, trucks etc. The materials may 

be excavated soil, demolition waste, raw materials, etc. A loader contain large sized bucket at its front 

with shorter moving arm. 

Loader may be either tracked or wheeled. Wheeled loaders are widely used in sites while tracked or 

crawled loaders are used in sites where wheeled vehicles cannot reach. 

Tower Cranes 

Tower cranes are fixed cranes which are used for hoisting purposes in construction of tall structures. 

Heavy materials like pre-stressed concrete blocks, steel trusses, frames etc. can be easily lifted to 

required height using this type of equipment. 

They consists mast which is the vertical supporting tower, Jib which is operating arm of crane, counter 

jib which is the other arm carries counter weight on rear side of crane and an operator cabin from which 

the crane can be operated. 

Paver 

Paver or Asphalt paver is pavement laying equipment which is used in road construction. Paver contains 

a feeding bucket in which asphalt is continuously loaded by the dump truck and paver distributes the 

asphalt evenly on the road surface with slight compaction. However a roller is required after laying 

asphalt layer for perfect compaction. 

Compactors 

Compactors or Rollers are used to compact the material or earth surface. Different types of compactors 

are available for different compacting purposes. 

Smooth wheel rollers are used for compacting shallow layers of soil or asphalt etc. sheep-foot rollers are 

used for deep compaction purposes. Pneumatic tyred rollers are used for compacting fine grained soils, 

asphalt layers etc. 

Telehandlers 

Telehandlers are hoisting equipment used in construction to lift heavy materials up to required height or 

to provide construction platform for workers at greater heights etc. It contains a long telescopic boom 

which can be raised or lowered or forwarded. 



Different types of arrangements like forklifts, buckets, cabin, lifting jibs etc. can be attached to the end 

of telescopic boom based on the requirement of job. 

Feller Bunchers 

Feller buncher is tree cutting heavy equipment used to remove large trees in the construction field. They 

cut the tree and grab it without felling, likewise gathers all the cut down trees at one place which makes 

job easier for loaders and dump trucks. 

Dump Trucks 

Dump trucks are used in construction sites to carry the material in larger quantities from one site to 

another site or to the dump yard. Generally, in big construction site, off-road dump trucks are used. 

These off-road dump trucks contains large wheels with huge space for materials which enables them to 

carry huge quantity of material in any type of ground conditions. 

Pile Boring Equipment 

Pile boring equipment is used to make bore holes in the construction site to install precast piles. 

Pile Driving Equipment 

Another heavy equipment used in construction site is pile driving equipment in case of pile foundation 

construction. This equipment lifts the pile and holds it in proper position and drives into the ground up 

to required depth. 

Different types of pile driving equipment are available namely, piling rigs, piling hammer, hammer 

guides etc. in any case the pile is driven into the ground by hammering the pile top which is done 

hydraulically or by dropping. 

 



Environmental Management System (EMS) 

An environmental management system (EMS) is "a system and database which integrates procedures 

and processes for training of personnel, monitoring, summarizing, and reporting of specialized 

environmental performance information to internal and external stakeholders of a firm". 

The most widely used standard on which an EMS is based is International Organization for 

Standardization (ISO) 14001.[2] Alternatives include the EMAS. 

An environmental management information system (EMIS) or Environmental Data Management System 

(EDMS) is an information technology solution for tracking environmental data for a company as part of 

their overall environmental management system. 

Goals 

The goals of EMS are to increase compliance and reduce waste:[3] 

• Compliance is the act of reaching and maintaining minimal legal standards. By not being 

compliant, companies may face fines, government intervention or may not be able to operate. 

• Waste reduction goes beyond compliance to reduce environmental impact. The EMS helps to 

develop, implement, manage, coordinate and monitor environmental policies. Waste reduction 

begins at the design phase through pollution prevention and waste minimization. At the end of 

the life cycle, waste is reduced by recycling.[1] 

To meet these goals, the selection of environmental management systems is typically subject to a 

certain set of criteria: a proven capability to handle high frequency data, high performance indicators, 

transparent handling and processing of data, powerful calculation engine, customised factor handling, 

multiple integration capabilities, automation of workflows and QA processes and in-depth, flexible 

reporting. 

Features 

An environmental management system (EMS): 

• Serves as a tool, or process, to improve environmental performance and information mainly 

"design, pollution control and waste minimization, training, reporting to top management, and 

the setting of goals" 

• Provides a systematic way of managing an organization's environmental affairs 

• Is the aspect of the organization's overall management structure that addresses immediate and 

long-term impacts of its products, services and processes on the environment. EMS assists with 

planning, controlling and monitoring policies in an organization. 



• Gives order and consistency for organizations to address environmental concerns through the 

allocation of resources, assignment of responsibility and ongoing evaluation of practices, 

procedures and processes 

• Creates environmental buy-in from management and employees and assigns accountability and 

responsibility. 

• Sets framework for training to achieve objectives and desired performance. 

• Helps understand legislative requirements to better determine a product or service's impact, 

significance, priorities and objectives. 

• Focuses on continual improvement of the system and a way to implement policies and 

objectives to meet a desired result. This also helps with reviewing and auditing the EMS to find 

future opportunities. 

• Encourages contractors and suppliers to establish their own EMS. 

• Facilitates e-reporting to federal, state and provincial government environmental agencies 

through direct upload. 

 

 

 



By definition, hand tools refer to any type of tool that can be used by hand and does not require any 

motor or electrical power. This includes an array of tools such as hammers, wrenches, cutters, clamps, 

and so much more. 

The leading hand tools manufacturers in India sell a wide range of hand tools in the market. These 

general purpose hand tools are made of the highest quality and come with a minimum warranty period. 

Hand tools are basic necessities to carry out even the smallest of household tasks. 

The most commonly used general purpose hand tools are as follows: 

• Knives: 

We are not talking about your kitchen knives. Every home tool kit should have an industrial grade knife. 

These are built with hard material and can be used for opening boxes, letters, or cutting not so tough 

materials. For safety measures, make sure the knife blade has a locking mechanism when not in use. 

• Scissors: 

A most common tool found in every household, scissors are multi-purpose tools. They are useful in 

every situation, be it for a school project, in the kitchen, a DIY job, or anything you need. It can be useful 

in opening packages or boxes. 

• Screwdrivers: 

Screwdrivers come in various shapes and sizes by hand tools manufacturers in India. It is one of the 

must-have tools in a household utility kit. They can be used to screw or unscrew nails on any surface, to 

tighten the hinges, install light switches, or assemble furniture. The screwdriver is made of blades with 

various widths and lengths suited for special purposes. The blade is made of forged carbon steel that is 

heat treated for hardness. The handle can be made of high quality plastic to get a good grip. 

• Hammers: 

A hammer is designed to deliver high force on a small area. The tool is made of a long wooden stick, 

attached to a block of metal. It can be used for driving nails, breaking objects and forging metal. The 

hammer should be heavy, so it is effective while hammering nails on the wall. But make sure that it is of 

proper weight for the user. One should be able to lift the hammer easily without any difficulty. When 

picking a hammer, one should choose carefully among the wide variety of sizes and weights available. 

• Wrench: 

A wrench is used to grip and turn objects. They are helpful in assembling furniture or bike repairs where 

it can be used to loosen or tighten nuts and bolts. Wrenches are also used for plumbing jobs where they 

are used to turn pipes. Different types of wrenches are made by hand tools manufacturers in 

India varying from close-end to open-end types or adjustable ones. 

• Pliers: 



Pliers are common hand tools found in almost every household. They help to hold objects firmly, bend 

other materials, and remove unwanted elements. It can be used for bending or straightening wires, 

cutting or slicing wires, removing nails or tiny needles, or to just hold objects firmly at one place. Pliers 

with needle-nose ends and wire-cutting abilities are the best kinds to have. They are useful in both a 

workshop or at home. 

• Clamps: 

A clamp is a fastening device used to hold or secure objects tightly together to prevent movement or 

separation via inward application. Clamps can be temporary, as used to position components while 

fixing them together, or they can be permanent. They are usually used in repair jobs, to assemble 

furniture or DIY projects. 

• Bradawl: 

A bradawl is a hand tool with a pointed blade similar to a straight screwdriver and a handle made from 

wood or plastic. The aim of this tool is to make indentations in wood or other materials so that it is easy 

to insert the screws. It is helpful when you are nailing something. 

• Tape Measure: 

Tape measure is a must-have in every home tool kit. They are useful in taking room or wall 

measurements. If you starting some DIY furniture project or painting your home, a tape measure is the 

first thing you will need. For household purpose, a 16 to 20 feet tape measure is enough to take easy 

and accurate measurements. 

Different Types of Hand Tools and Their Uses 

The Hammer 

The claw hammer is the most basic hammer and should be in every homeowners toolbox. It is used for 

two things: pounding nails into wood and pulling nails out. 

A 20-ounce claw hammer will suffice for the majority of work around the house. 

The Measuring Tape 

Without a measuring tape in your toolbox you can’t measure things. Their use is not limited to 

woodworking either. Want a new set of blinds in the living room? You will have to measure the window 

to buy the correct size. 

A basic measuring tape is also handy to have in your car. Now when you are shopping you can make 

sure that big box will fit in your trunk. 

You will notice the tape measure is divided into sections: Inches, 1/4 inches and 8th of an inch. 

Hand Saw 



A hand saw is used to cut wood. They are best used on smaller pieces and rough cuts. I wouldn’t want to 

cut a large sheet of plywood with one! 

The Screwdriver 

The screwdriver is probably the most used tool around the house. They are used to drive screws into 

wood and other materials. Screwdrivers are also used to take things apart and put them back together. 

Pictured are two of the most common screwdrivers: philips on the left and flat head on the right. 

Pliers 

A quality set of pliers can do many jobs around the house. Pictured are just a small set of the many types 

of pliers. 

Pliers can be used to cut and strip wires, fix plumbing, clamping and holding small parts and turning 

fasteners. 

Levels 

Levels are used to check whether an item is horizontally or vertically level. They are useful when hanging 

pictures or mounting shelves to a wall. 

During construction they are used to make sure wall studs are level when building. 

The level has a small tube filled with liquid with an air bubble. When the bubble is centered then the 

item is said to be level. More advanced level systems use lasers and are more expensive. 

Wrenches 

A set of wrenches is a must for working on a car or anything that has bolts. Combination wrenches are 

the more common wrench in a toolbox. 

One end is open and the other is a box end. These wrenches are used to loosen or tighten nuts and 

bolts. Just like other tools there are many types available. 

Ratchets and Sockets 

Sockets are used to install and remove bolts similar to wrenches. When attached to a ratchet they are 

faster than a wrench for turning bolts. 

There are many types of sockets from deep to shallow, 12 point, 6 point and spark plug sockets to name 

a few. 

A good socket set is always welcome in the home garage. 

Staple Gun 



A staple gun is made to drive staples into a variety of materials. You can use them to attach house wrap, 

upholstery, wiring and carpeting. Staple guns are strong enough to drive staples into wood and 

sometimes masonry. 

Stud Finder 

The stud finder is a must have tool if you are hanging items on your walls. Stud finders are used to find 

the studs when it is slid across the wall. This allows you to securely mount items without them crashing 

to the floor. 

Voltage Tester 

If you plan on doing electrical work then you need a voltage tester. The best ones to buy are the non-

contact voltage testers. They look like a pen and are simple to use: place the tip near the wires and it will 

beep if the wire is live. 

 



 

Pumps are one of the most ubiquitous items of equipment found in chemical processing plants. Often, they are used 

to transfer hazardous liquids, such as flammable, combustible, toxic and corrosive chemicals. In order to ensure 

safety during pumping, certain design and operating practices should be followed. This article discusses safe 

practices for centrifugal, positive displacement and sealless pumps. 

POTENTIAL PROBLEMS AND HAZARDS 

A number of problems and hazards can occur during the pumping of hazardous liquids. These can include the 

following: 

• Mechanical seal failures resulting in leaks or fugitive emissions 

• Deadheading 

• Reduced or low flow in centrifugal pumps 

• Over pressurization 

• High temperature 

These problems and hazards can result in severe incidents, such as fires, explosions and toxic releases, if they are 

not addressed by preventive or protective measures. The following sections discuss these issues, as well as 

recommended practices to eliminate or minimize problems for various types of pumps. 

GENERAL RECOMMENDATIONS 

MATERIALS OF CONSTRUCTION 

Materials of construction should be chosen based on the corrosive properties of the liquid being pumped. At a 

minimum, pumps should be constructed of cast steel. All the components of the pump (casing, impeller, mechanical 

seal or packing and other trim) should be compatible with the liquid being pumped. Cast iron should not be used for 

hazardous liquids, at pressures above 200 psig or temperatures above 175°C. Cast iron is brittle and can be cracked 

by mechanical or thermal shock, which could result in leaks and subsequent fires. Ductile iron is also appropriate for 

some applications, but it should be noted that ductile iron, when exposed to high temperatures produced by fires, can 

revert to cast iron, and should be avoided if there is any risk of fire. The pump casing, impeller and other moving 

parts should be constructed of non-sparking materials if the pump will run dry at frequent intervals. 

PUMP LOCATION 

Pumps should be installed and located in a way that facilitates safe maintenance. When they are intended to handle 

hazardous liquids such as toxic, pyrophoric or water-reactive liquids, pumps should not be located beneath main-

plant pipe racks. If a fire occurs at the pump, flames could reach the piping above and overpressurize the fluid 

contained in the piping or stress and weaken the piping due to heat absorption. Pumps, especially those handling 

hazardous liquids, should be located in open, well-ventilated areas to prevent accumulation of leaking hazardous 

vapors. In the design of tank farms, many companies prefer to situate the transfer pumps outside of the dike with a 

separate curbed and drained area to prevent the spread of seal or packing leaks. In the event of a large spill, the 

pumps may become submerged as a result of the normally high dikes used in tank farms. For some chemicals, 

depending on the properties of the liquid, such as flammability and corrosiveness, fire or mechanical damage to 

associated electrical equipment could occur when the pump is submerged. In special circumstances, such as when 

handling high flash point, combustible liquids or viscous liquids that necessitate a short suction line, the pump may 

be located inside the dike wall. In this case, a local motor start-and-stop control station should be provided outside 



the diked area and properly identified. Also, consideration should be given to locating the pumps in a subdivided 

area for containment of seal or lube-oil leaks. 

BACKFLOW PROTECTION 

Backflow can occur in a pumping system when the motor (or other driver) is stopped, either intentionally or 

accidentally. Depending on what type of pump is used, this may result in the flow of the pumped liquid through the 

pump to the suction vessel and possible vessel overflow. It may also result in reverse rotation of a non-running 

installed spare pump, which could cause damage. To avoid or limit backflow, a check valve should be installed in 

the pump discharge line. For highly hazardous liquids, it may be desirable to install two check valves in series. 

Alternatively, a fast-acting open-shut valve, activated by a low-pressure sensor in the discharge line that will shut 

the valve tightly, can be used. When check valves or fast-acting open-shut valves are used in the discharge line of a 

pump, it may be necessary to establish a way to prevent hydraulic hammer. 

PUMP PIPING AND VALVES 

Pump suction and discharge piping should be supported independently of the pump. Supports should be designed to 

ensure that the pump flange loadings are minimized and do not exceed the loadings specified by the pump 

manufacturer. Additionally, the pipe supports should be adjustable. 

TABLE  COMPARISON OF SEALLESS PUMPS 

Selection Criteria Magnetic Coupling Canned Motor Pump 

How safe is the unit 

during failure? 

Restricted: unit has only one sealed 

liner; if liner ruptures, the fluid 

escapes into the atmosphere 

Extended: two boundaries exist, the can and the motor 

housing; if the can ruptures, the motor housing takes 

over as a gas-tight barrier 

Applications 
Restricted: limited by the rotating 

mass and construction size 
Extended 

Viscosity range 
Restricted: an increase in viscosity 

establishes relative limitations 

Extended: the fluid is warmed going through the motor 

section, allowing the pumping of higher viscosity 

material 

Total viscosity Equal Equal 

Temperature limitation 
Restricted: limited to applications 

between 100 and 754°F 

Extended: can be used at temperatures between – 200 

and 1,000°F 

Temperature control 
Restricted: only the pump can be 

insulated and traced 

Extended: both the pump and the motor can be 

insulated and traced 

Maximum operating 

pressures 

Restricted: the can thickness limits 

the maximum pressure 

Extended: the achievable working pressures are 

independent of the can thickness because support can 

be furnished outside of the gap, the current limit for 

system pressure is approximately 17,000 psi 

NPSH required 

Better: the lower heat input to the 

recirculation stream assures better 

net positive suction head (NPSH) 

characteristics 

Worse 

Explosion protection 

due to leakage 

Restricted: see comments under row 

1 
Extended 

Repair of motor Better: uses a standard motor Worse 

Sensitivity to solids 

Worse: units are more sensitive to 

solids, especially when ferrous 

particles are in the fluid 

Better: Units are available with slurry designs, which 

isolate the motor section from the pumped fluids 

Starting problems 
Can exist: extreme care must be 

taken in applying the torque 
Not normally 



requirements to these units 

Noise levels 

Greater: much higher levels due to 

the fan on the motor and the 

additional bearings in the coupling 

Lower: these pumps are especially quiet; cooling, 

coupling, and bearing noises do not exist 

Overall length Greater Less 

Flexibility of 

installation 
Restricted 

Extended: units can be installed either vertically or 

horizontally in generally a much smaller space 

Interchangability with 

standard chemical 

pumps 

Depends on individual manufacturer Depends on individual manufacturer 

Electrical installation Depends on individual manufacturer Depends on individual manufacturer 

Cost of manufacture Greater Less 

Foundation Required Not required 

Coupling Yes No 

Coupling guard Yes No 

Coupling alignment Yes No 

Cost of repair 

Less: the repair of the pump and the 

coupling can usually be 

accomplished by normal 

maintenance mechanics 

More: repair requires mechanical as well as electrical 

knowledge 

Bearing wear monitors Not normally available Widely used 

 The piping should be designed to withstand the maximum pressure generated by the pump at “deadhead” 

conditions. Pump piping that accommodates hot liquids is often required to provide flexibility for thermal expansion 

and contraction. If possible, this should be provided through design of the piping itself with adequate area for piping 

loops. If not, then this flexibility can be achieved through the use of flexible hoses or expansion joints, which should 

be constructed of a fire-resistant material. If expansion joints are used, they should be of the packless type, without 

circumferential welds in the bellows. Shutoff valves on the suction and discharge of the pump should be provided. If 

the suction vessel is nearby, the pump shutoff valve should be mounted on the vessel nozzle. This can prevent 

dumping of the vessel contents in the event of a fire near the suction line, given that the valve is closed at the time. 

Lines in which there is no flow may fail quickly when exposed to fire. If the pump has a long suction line, shutoff 

valves should be provided near both the pump inlet and at the suction vessel. Fire-safe valves should be used when a 

loss of valve integrity due to a fire would result in a large leak of hazardous liquid. Shutoff valves that can be 

operated from a remote location should be used for critical applications, for example, when large releases of 

hazardous liquids could occur upon pump failure. The actuation devices for these valves should be located in safe, 

peripheral areas, such as control rooms or in service racks outside of unit battery limits. Interlock remotely operated 

shutoff valves to automatically shut down the pump when the valves are closed. 

OTHER SAFETY CONSIDERATIONS 

• Provide warning lights on location for pumps that are remotely or automatically started 

• Clearly identify pump shutdown and start-stop switches regardless of whether the switch is local or remote, 

and provide lockout capability at the pump driver or power source 

• Provide a shaft-coupling guard for all pumps with exposed shafts 

• Allow for the safe drainage of the pump casing and the suction and discharge piping for all pumps. Provide 

schedule 160 (or heavier, when necessary) casing drains and casing vents for pumps handling hazardous 

liquids. These should be socket or seal welded, and terminated at a raised-face flange or socket-weld fitting 

• Monitor pump-bearing temperature with alarms and/or motor shutdown at high temperature. Lack of 

lubrication can result in high bearing temperature and possible failure, which in turn can lead to shaft 

misalignment and mechanical seal failure 

• A temperature sensor should be installed in a pump casing if the pump is handling a temperature-sensitive 

liquid. The sensor should be interlocked to shut the motor off when the high-temperature limit of the liquid 

is reached 



• Pumps handling flammable liquids should be properly bonded and grounded to prevent electrostatic 

ignitions 

• The seal areas of pumps handling corrosive liquids may require spray shields for personnel protection 

STANDARD CENTRIFUGAL PUMPS 

Standard centrifugal pumps are usually provided with either packing or mechanical seals. For pumps handling 

hazardous liquids, packing should not be used. It is recommended that double, inside mechanical seals or tandem 

mechanical seals be used with a compatible buffer liquid between the seals. The following hazards can occur with 

standard centrifugal pumps: 

• Mechanical seal failure 

• Reduced or low flow 

• Overpressurization 

• High temperatures 

• Cavitation 

These hazards and their preventive and protective measures are discussed below. 

MECHANICAL SEAL FAILURE 

A mechanical seal failure can result in fugitive emissions or large spills of hazardous liquids, problems that could 

lead to fires or explosions. One cause of failure is the loss of flow of the buffer liquid through the seal. This can be 

avoided by creating a buffer-liquid seal system that consists of a circulating, pressurized reservoir with an internal 

cooling coil and a low-level alarm. Figure 1 is a schematic of such a system for a double mechanical seal. If there is 

a seal failure, pressure on the reservoir will force the liquid either into the process fluid or out of the seal on the low 

pressure side, and the liquid level in the reservoir will show an abnormal level drop. The level switch in the seal-

liquid reservoir should be connected to an alarm and interlocked to the pump motor, or other driver, to shut it down. 

It may also be desirable to close the valve at the supply-vessel nozzle or at the pump-suction inlet. With tandem 

mechanical seals, the buffer liquid is usually at atmospheric pressure or slightly higher, and a failure of the inner seal 

will result in rapid filling of the reservoir with process liquid. A high-pressure or liquid-level switch in the reservoir 

should be installed to alarm and shut down the pump motor. Mechanical-seal failure can also be caused by corrosion 

products and other particle debris in the liquid being pumped, so measures should be taken to remove these from the 

liquid, such as providing an adequate strainer in the pump-suction line. 



 

ISO 21049:2004(en)   gives additional information on Shaft Sealing Systems for Centrifugal and Rotary pump. 

In recent years, gas-barrier seals have been used in place of buffer-liquid seals in many applications and should 

warrant serious consideration. Gas seals operate on a gas fluid film and do not generate significant frictional heat. 

Unlike in single mechanical seals, the process fluid is not the lubricant, and unlike in double and tandem mechanical 

seals, a compatible barrier liquid is not required. Gas seals use either compressed air or nitrogen as the barrier gas. 

With gas-barrier seals, liquid seal reservoir maintenance costs, specialized refilling procedures and their impact on 

reliability are eliminated. Figure 2 is a schematic of a gas-barrier seal system. Another possible cause of 

mechanical-seal failure is shaft misalignment. The appropriate alignment techniques should be used to check pumps 

prior to startup, and the alignment should be rechecked if continuous bearing or mechanical-seal problems occur. 

Dial-indicator alignment and laser-optic alignment are the two available methods of laser alignment. Laser-optic 

alignment systems have several advantages over dial-indicator systems. When time savings, reduced downtime, 

increased reliability, fewer repair costs and lowered electricity costs are all considered, a high-quality, laser-optic 

alignment system is clearly the better choice. The main disadvantage of a laser-optic alignment system is the high 

up-front cost of the system in comparison to a dial indicator system. 
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DIFFERENT TYPES OF HAZARDS IN CHEMICAL PLANT 

Introduction 

If we talk about potential hazards in chemical industries, there will 

be long discussion about that matter. Although one chemical 

plant has similar nature with another, but each plant comes with 

its unique hazards. In general, based on its nature potential 

hazards associated with chemical industry can be classified into 

chemical hazards, physical hazards and biological hazards. Most 

common hazards are chemical and physical hazards.  

Types of Hazards 

1. FIRE 

2. EXLOSION 

3. TOXIC RELEASE 

4. RUNWAY REACTION 

5. STRESS CORROSION  

6. Electrical Hazards 

7. .Radiation Hazards 

8.  High Temperature  

9.  Low Temperature 

10. Dust & Fumes. 

     11. Thermal Environment 

     12. High Pressure 
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     13. Ventilation 

     14. Noise 

      15. Illumination  

      16. Corrosive Substances 

      17. Poisonous Substances 

      18. Radioactive Substances 

      19. Compressed Gases 

      20. Unguarded Machinery  

      21. Working at Height 

      22. Confined Space 

      23. Untested Plant and Equipment 

      24. Uncovered Drains and Tunnels 

      25. Work Surfaces etc. 

Potential Hazards 

Hare are top 13 potential hazards in chemical industries that I think 

have to be put into higher priority to be controlled. 

1. Hazardous chemicals exposures. The potential hazards can be 

introduced through chemical spills, splash, inhalation, etc. 

2. Poisoning by toxic materials. Many chemical plant accidents 

happened in the past caused by toxic gas leak. Did you remember 

Bhopal tragedy? 



3 
 

3.Fire and explosions due to flammable gases. The latest plant 

tragedy 'Middletown power plant explosion' in US was due to 

improper handling of natural gas purge. 

4. Fire and explosions due to flammable liquid and solid. I 

separate flammable liquid/solid with flammable gases due to 

different potential hazard level. But, this separation does not 

mean that we can neglect with flammable solid hazard. 

Flammable dust explosion could tell you the danger of flammable 

solid. 

5. Explosion caused by pressurized gases and liquids. I remember 

when I read news about hydrostatic pressure test failure in China. 

6. Fire and explosions due to uncontrolled reactions. Precisely, 

they are chain reactions. 

7. Thermal hazards. Many processes and equipment in chemical 

plant operate at high temperature and directly expose hot 

environment, hot surface and high temperature radiation. 

8. Extreme cold temperature hazard cannot be neglected because 

it is able to present real hazard to workers. 

9. Cutting hazard. It is caused by sharp objects and rotating 

equipment and machines. 

10. Slips, trips and falls hazards caused by unsafe conditions such 

as slippery surface. 

11. Electrical hazard. Static electric should be taken into account 

too. 
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12.Mechanical failure hazard.  

Old equipment with corroded supports will collapse anytime, 

since the supports have lost required strength. 

13. Oxygen deficiency. 

 Working inside confined spaces exposes workers to such hazard, 

including toxic atmosphere. 

Hazard Identification 

▪ Hazard identification is the key to effective hazard control. It is 

the first thing to do before hazard control methods determined. 
All safety measures and activities should always be constructed 

and referred to the results of hazard identifications. 

▪ Hazard identification is an ongoing process. This means that it 

should be performed in regular period and at the same time 

updated to evaluate the effectiveness of hazard control methods 

used for each hazard. Every time a process created, process 

condition changed, piping modified, new equipment installed or 

Standard Operating Procedure (SOP) revised, hazard identification 

should be updated.  

▪ It is to assess risks associated with the changes and to ensure that 

current hazard control methods are still effective. 

▪ However, even though hazard identification is already done, but 

there are some hazards sources in the chemical plant site, which 

are commonly failed to be identified. This condition is very 

dangerous because accident may happen without any 

notification. So, keep reading this article to know what kind of 

http://www.chemicalplantsafety.net/industrial-cases/again-another-hot-work-related-accident-was-happened/
http://www.chemicalplantsafety.net/industrial-cases/again-another-hot-work-related-accident-was-happened/
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activities with high potential hazard that are commonly left from 

identification study. 

▪ Seven Common Hazard Sources that Most Companies Fail to 

Recognize-Make a plan to identify hidden hazard with your plant 

site before they trigger an accident to happen. 

▪ 1. Material receiving jobs. In chemical plant, there are many 

hazardous chemicals and gas loaded and unloaded every day. It is 

obvious that this operation contains some risks that may 

endanger workers. 

▪ 2. Standard Operating Procedure (SOP) revision. Because hazard 

identification was already done for the SOP in the past, it does not 

mean that it is enough. Revision may accompany with new 

hazards, which will be recognized only by hazard identification 

study. 

▪ 3. Technical service at the customer site. Most technical service 

activities are accidental activities. This makes company has limited 

planning, including hazard identification. 

▪ 4. Emergency Response Preparedness (ERP) exercise. Even though 

ERP procedure has been set up, but there are potential hazards 

that may appear during the exercise of ERP procedure. 

▪ 5. Safety audit. Never think that safety audit is hazard-free 

activity. It is not true at all. It like other activities, which contains 

hazards even though with different level. 

▪ 6. Accident investigation. Even though it is purposed to find out 

root cause of an accident, however some activities that are a part 
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of it are risky activities. For example visiting scene of fire or 

explosion. 

▪ 7. Firefighting drill or training. It is very clear that such training 

involves fire and flammable material by which trainees may get 

injury or death. 

▪ Safety Measures 

 

▪ Housekeeping 

Any spillage of materials shall be cleaned up before further 

processing. 

Floors, platforms, stairways, passageways and gangways shall be 

kept free of obstructions. 

Easy means of access shall be provided to all parts of the plant to 

facilitate cleaning. 

         Cautionary Notices and Instructions 

Cautionary Notices in a language understood by the majority of 

workers shall be prominently displayed at conspicuous and 

convenient places in all hazardous areas drawing the attention of 

all workers. 

In addition to the above cautionary notice, arrangement shall be 

made to instruct and educate all workers about the hazards of the 

process. 

Evaluation and provision of safe guards. 

http://www.chemicalplantsafety.net/fire-precautions/9-safety-lessons-you-should-learn-from-hoeganaes-combustible-dust-explosion/
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▪ Before commencing any process or any experimental work, steps 

shall be taken to ascertain all the hazards involved in the process 

including dangerous chemical reactions and provisions shall be 

made for dealing with any hazards including effects on workers. 

Authorized Entry 

▪ Only authorized persons shall be permitted to enter any section of 

the factory or plant where any dangerous operations or processes 

are being carried on. 

Examination of instruments and safety devices 

All instruments and safety devices used in the process shall be 

tested before taking into use and after carrying out any repair to 

them and examined once in a month, by competent person. 

All instruments and safety devices used in the process shall be 

operated daily or as often as it is necessary, to ensure its effective 

and efficient working at all times. 

Electrical Installations 

▪ All electrical installations used in any area of the processes 

covered in Appendix ‘A’ shall be of an appropriate type to ensure 

safety against hazard prevalent in that area such as suitability 

against dust, dampness, corrosion, flammability and explosivity 

etc. and shall have certification by Indian Standard Institution or 

appropriate authority. 

Facility for Isolation 
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The plant and equipment shall be so situated, constructed and 

maintained as to enable quick isolation of plant or part of plant or 

equipment, with appropriate indication. 

One copy of the plant layout indicating isolation facility should 

always be available with the security personnel, maintenance and 

health and safety personnel and this isolation facility shall be 

checked for their effectiveness once in a month. 

Alarm System 

Suitable and effective alarm systems giving audible and visible 

indications shall be installed at the control room as well as in all 

strategic locations where process control arrangements are 

available so as to enable corrective action to be taken before the 

operational parameters exceed the predetermined safe levels or 

lead to emergency. Such alarm system should be checked daily 

and tested every month at least once to ensure the performance 

efficiency at all times. 

Control of Dangerous Reactions 

Suitable provisions such as automatic and or remote control 

arrangements shall be made for controlling the effects of 

dangerous chemical reactions in the event of failure of control 

arrangements, automatic flooding or blanketing or other effective 

arrangement shall be put into operation. 

Control of Escape of Substance into Work  Atmosphere 

▪ Effective arrangements such as enclosures, bypass or efficient 

exhaust draught, maintenance of negative pressure shall be 
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provided in all plants, containers, vessels to control the escape 

and spread of substance which are likely to give rise to fire and 

explosion or toxic hazards during normal working and in the event 

of emergency or accident. In the event of the failure of the 

arrangements for control  resulting in escape of substance in the 

work atmosphere, immediate steps shall be taken to control the 

process in such a manner that further escape is brought down to 

the safe level. 

Testing, Examination and Repair of Plant and Equipment 

All parts of the plant, equipment and machinery used in the 

process which, in the likely event of their failures, may give rise to 

an emergency, shall be tested by a competent person before 

commencement of the process and retested at an interval of two 

years or after carrying out repairs to that. 

▪ As soon as the test is completed, the vessels shall be thoroughly 

dried internally and shall be clearly stamped with the marks and 

figures indicating the person by whom testing has done and the 

date of test; 

▪ Any vessel which fails to pass the test or which for any other 

reason, is considered or found to be unsafe for use, shall be 

destroyed or rendered unusable under intimation to the Chief 

Inspector. 

▪ Records of testing and examination shall be maintained as long as 

that part of the plant, equipment and machinery are in use and 

kept available to the Inspector at all times during working of the 

factory. 
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Entry into Confined Space 

▪ All confined spaces and the nature of hazards that are to be 

encountered in such spaces , normally or abnormally shall be 

identified, and arrangement shall be made to develop the most 

appropriate safeguards for ensuring the safety and health of 

workers entering into or working inside the confined spaces. 

▪ The entry or work inside the confined spaces shall be regulated 

through a permit to work system which shall include the safe 

guard so developed as required. 

Maintenance Work 

▪ All works connected with the maintenance of plants and 

equipment including cleaning of empty containers which have 

held hazardous substances used in the process shall be carried out 

under ‘Permit to work system’ employing trained personnel and 

under the supervision of responsible person. 

Permit to Work 

▪ All parts of plant or machinery or equipment on which permit to 

work system is carried out, shall remain isolated from other parts 

throughout the period of permit to work and the place of work 

including the parts of plants, machinery shall be rendered safe by 

cleaning, purging, washing etc. as may be necessary. 

▪ Safety Sampling Personnel 

▪ The safety of persons assigned for collecting samples shall be 

ensured by instructing them on the safe procedure. Such 
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personnel shall be provided with proper and approved personal 

protective equipment. 

Static Electricity 

▪ All machinery and plant, particularly pipe lines and belt drives, on 

which static charge is likely to accumulate, shall be effectively 

earthed. 

▪ Mobile tankers and tanker wagons shall be earthed during filling 

and discharge and precautions shall be taken to ensure that 

earthing is effective before such filling or discharge. 
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STORAGE OF HAZARDOUS SUBSTANCE & USE OF MSDS 

CORROSIVES 

 Corrosive substances shall not be permitted to be stored in the 

same room with other chemicals, such as turpentine, carbides, 

metallic powders and combustible materials, to prevent 

accidental mixing so as to cause a reaction resulting formation of 

toxic fumes and gas and affecting the workers nearby. 

 Pumping or filling overhead tanks, receptacles, vats or other 

containers for storing corrosive substances shall be so arranged as 

to prevent possibility of any corrosive substance overflowing and 

causing injury to any person. 

 Every container having capacity of twenty liters or more and every 

pipeline, valve and fitting used for storing of corrosive substances 

shall be thoroughly examined every year for finding out any 

defects and defects so found out, shall be removed forthwith. 

 A register shall be maintained of every such examination made 

and shall be produced before the Inspector on demand. 

 Every storage area of corrosive substance should have safety 

shower and eye-wash fountain. 

Storage tank for corrosive substances should have dyke wall to 

contain spill or leakage. 

Flammable Liquids 

 Flammable liquid or flammable compressed gas used in every 

factory shall be stored in suitable fixed storage tank or in suitable 
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closed vessel located in a safe position under the ground, in the 

open air or in a store room of adequate fire resistant 

construction. 

 Every container, vessel, tank, cylinder, or store room used for 

storing highly flammable liquid or flammable compressed gas 

shall be clearly and bold letters marked ‘DANGER HIGHLY 

FLAMMBLE LIQUID’ OR ‘FLAMMABLE COMPRESSED GAS’  

 Except as necessary for use, operation or maintenance, every 

vessel or tank which contains flammable liquid or flammable 

compressed gas shall be always kept closed and all reasonable 

practicable steps shall be taken to contain or immediately drain 

off to a suitable container any spill or leak that may occur. 

Prevention of Ignition 

 In every room, work place or other location where highly 

flammable liquid or flammable compressed gas is stored, all 

practical measures shall be taken to exclude the source of 

ignition. 

 All electrical apparatus shall be so installed and maintained to 

prevent the danger of source of ignition from them and where 

required installation should be flame proof construction. 

 Smoking, lighting or carrying matches, naked lights or spark shall 

be prohibited. 

 Effective measures shall be taken to prevent accumulation of 

static charges to dangerous extent. 
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 Overheated surfaces of plant and equipment, chemical reaction 

and radiant heat should be avoided. 

Inventory of Haz.Chemicals 

 Storage of chemicals and intermediate products, which are highly 

unstable or reactive or explosive shall be limited to the quantities 

for two months use.  

 Where the quantities laid down above are to be exceeded, prior 

permission of the Chief Inspector shall be obtained. 

 Standby arrangements equal to the biggest container shall always 

be available to transfer the toxic substances quickly into the 

standby storage facility, if any defects develops in any of the 

containers used resulting in the release of toxic substances. 

Collection, development and dissemination of information 

 The occupier of every factory involving a ‘hazardous process’ shall 

arrange to obtain or develop information in the form of Material 

Safety Data Sheets(MSDS) in respect of every hazardous 

substance or material used, manufactured, stored, handled or 

transported in the factory.(R63D) 

 It shall be accessible upon request to a worker for reference and 

shall be readily available to the Inspector: 

 Every such Material Safety Data Sheet shall be maintained as 

nearly as possible in Form No 32 and shall include the following 

information: 

 i)The identity used on the label 



15 
 

 Ii)The chemical name with molecular formula and its synonyms if 

any, 

 Iii)Hazardous ingredients of the substance; 

 Iv)Physical and chemical characteristics of the hazardous 

substance; 

 v)The physical hazards of the substance including the potential for 

fire, explosion and reactivity; 

 vi) The health hazards of the substance, including signs and 

symptoms of exposure and any medical conditions which are 

generally recognized as being aggravated by exposure to the 

substance; 

 vii) Primary routes of entry; 

 viii) The permissible limit of exposure prescribed in the second 

schedule under Section 41F of the Act and in the case the 

chemical not covered under the schedule, the limits of exposure 

recommended by the American Conference of Government 

Industrial Hygienist(ACGIH). 

 ix) The ceiling value, i.e. the concentration that 

    should not be exceeded even instantaneously. 

 x) The precautions required for safe handling and use of the 

hazardous substance including appropriate hygienic practices; 

 xi) Any generally applicable control measures, such as engineering 

control measures or use of personal protective equipment; 

 xii) Emergency  and first-aid procedures 
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 xii) The procedures for clean-up of spills and leaks; 

 xii) The procedures for disposal of wastes and empty containers 

etc. 

 b) The Material Safety Data Sheet in respect of a hazardous 

substance shall be updated as and when necessary due to new 

significant information. 

 You may handle hundreds of Material Safety Data Sheet (MSDS) 

inside your chemical plant. This is as the consequence of using 

hundreds of hazardous chemicals for the production process. All 

the MSDS should be managed properly; otherwise you and your 

workers could be in danger when handling these hazardous 

chemicals. 

 Xylene MSDS  

Xylene is an organic substance that is toxic to blood, nervous 

system, kidney and liver. Xylene is flammable liquid with flash 

point 25oC . It can be explosive in the form of vapor when is 

exposed to open flame, spark or heat. 

 Xylene is generally used as solvent, paint thinner and cleaning 

agent. Rubber and leather industries are examples of industry 

that use xylene in their production processes. 

http://chemicalplantsafety.net/msds/free-sources-of-msds-download
http://chemicalplantsafety.net/wp-content/uploads/2010/12/xylene-msds1.jpg
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 Special safety precautions shall be given in case of its handling 

and storage. All ignition and heat sources have to be kept away 

from xylene storage. And all equipments containing xylene have 

to be grounded. 

MSDS Potassium Permanganate (KMnO4)   

 

 Potassium permanganate (KMnO4) is commonly found in 

chemical plant, especially in laboratory. Potassium permanganate 

is one of the most common chemical reagents for analysis 

purposes. 

 It is a strong oxidizer, which is also used in the field of 

disinfectant, water treatment, biomedical and production of 

organic substances like ascorbic acid and saccharin. 

 It is non-flammable material. However, as a strong oxidizer, 

potassium permanganate can cause an explosion when contacts 

with oxidizable materials.  

 Proper management of MSDS means making those MSDS 

available at the points of use. They are usually used in areas of 

incoming inspection, production, warehouse, laboratory, etc.  

 And the existence of MSDS binders could greatly help creating 

proper management of MSDS. 

http://chemicalplantsafety.net/safety-tips/list-of-safety-precautions-for-shutdown-activities-of-chemical-plants
http://chemicalplantsafety.net/safety-tips/electrostatic-hazards-in-chemical-plant
http://www.google.co.id/url?sa=t&source=web&cd=1&ved=0CBwQFjAA&url=http://en.wikipedia.org/wiki/Potassium_permanganate&rct=j&q=potasium%20permanganate&ei=ZPhxTI2RI4HKvQOZkZ1C&usg=AFQjCNHhETE_uRXK53tJEFmv2h-okX4cFA&cad=rja
http://www.google.co.id/url?sa=t&source=web&cd=1&ved=0CBwQFjAA&url=http://en.wikipedia.org/wiki/Potassium_permanganate&rct=j&q=potasium%20permanganate&ei=ZPhxTI2RI4HKvQOZkZ1C&usg=AFQjCNHhETE_uRXK53tJEFmv2h-okX4cFA&cad=rja
http://chemicalplantsafety.net/industrial-cases/learn-from-veolia-explosion-investigation-report
http://chemicalplantsafety.net/msds/safety-video-how-to-read-msds
http://chemicalplantsafety.net/wp-content/uploads/2010/08/msds-potassium-permanganate.jpg
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EXAMPLE –Calcium Carbide 

 Section 1: Chemical Product and Company       

 Identification 

Product name: Calcium Carbide 

Catalog Codes: SLC3934 

Chemical Formula: CaC2 

Synonym: Calcium acetylide 

 Section 2: Composition and Ingredients 

Name            CAS#          

Calcium              75-20-7 

Carbide 

Toxicological data: Not available on ingredients. 

Section 3: Hazard Identification 

 Potential acute health effects: 

Hazardous in case of ingestion, of inhalation. Slightly in case of 

skin contact. 

Potential Chronic Health Effects: 

Carcinogenic effects: Not available 

The substance is toxic to lungs. 

Section4: First aid Measures 
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 Eye Contact: No known effect on eye contact, rinse with water for 

a few minutes. 

 Skin Contact: After contact with skin, wash immediately with 

plenty of water. Gently and thoroughly wash the contaminated 

skin with running water. 

 Inhalation: Allow the victim to rest in a well-ventilated area, Seek 

immediate medical attention. 

Section 6: Accidental Release Measure 

 Small spill: Use appropriate tools to put the spilled solid in a 

convenient waste disposal container. 

 Large spill: Flammable solid that, in contact with water emits 

flammable gases. Stop leak if without risk. Cover with dry earth, 

sand or other non-combustible materials. 

Section 7: Handling and Storage 

 Precautions: 

 Keep away from sources of ignition. Do not breathe dust. Wear 

suitable protective clothing. If you feel unwell seek medical 

attention. 

 Storage:  

 Flammable materials should be stored in a separate safety storage 

cabinet or room. Keep away from heat. Keep away from the 

source of ignition 

Section 8: Exposure Controls/Personal Protection 
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 Engineering Controls: 

 Use process enclosures, local exhaust ventilation or other 

engineering controls to keep airborne levels below recommended 

exposure limits. 

 Personal Protection: 

 Safety glasses, dust respirator 

Section 9: Physical and Chemical Properties 

 Molecular weight: 64.1gm/mole 

 Colour: Not available 

 Boiling point: Not available 

 Melting point:2300 degree C 

 Specific gravity: 2.22 

 Volatility: Not available 
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LABELLING OF HAZARDOUS SUBSTANCES 
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HEAT TREATING 

PROCEDURE 

The first important thing to know when heat treating a steel is its hardening temperature. 
Many steels, especially the common tool steels, have a well established temperature range 
for hardening. O-1 happens to have a hardening temperature of 1450 – 1500 degrees 
Fahrenheit. 

To begin the process: 

1. Safety first. Heat treating temperatures are very hot. Dress properly for the job and keep 
the area around the furnace clean so that there is no risk of slipping or stumbling. Also, 
preheat the tongs before grasping the heated sample part. 

2. Preheat the furnace to 1200 degrees Fahrenheit. 

3. When the furnace has reached 1200 degrees Fahrenheit, place the sample part into the 
furnace. Place the sample part into the center of the oven to help ensure even heating. Close 
and wait. 

4. Once the sample part is placed in the furnace, heat it to 1500 degrees Fahrenheit. Upon 
reaching this temperature, immediately begin timing the soak for 15 minutes to an hour 
(soak times will very depending on steel thickness). 

Table 1: Approximate Soaking Time for Hardening, Annealing and Normalizing 
Steel 

  

Thickness Of Metal 

(inches) 

Time of heating to required 

Temperature (hr) 

Soaking time 

(hr) 

up to 1/8 .06 to .12 .12 to .25 

1/8 to 1/4 .12 to .25 .12 to .25 

1/4 to 1/2 .25 to .50 .25 to .50 

1/2 to 3/4 .50 to .75 .25 to .50 

3/4 to 1 .75 to 1.25 .50 to .75 

1 to 2 1.25 to 1.75 .50 to .75 

2 to 3 1.75 to 2.25 .75to 1.0 

3 to 4 2.25to 2.75 1 to 1.25 



4 to 5 2.75 to 3.50 1 to 1.25 

5 to 8 3.50 to 3.75 1 to 1.50 

Soak time is the amount of time the steel is held at the desired temperature, which is in this 
case 1500 degrees Fahrenheit. 

5. When the soak time is complete, very quickly but carefully take the sample out with tongs. 
Place the sample part into a tank of oil for quenching. Move the sample part around as 
much as possible while it is quenching. 

6. Once the sample part has been quenched down to around 125 degrees Fahrenheit, begin 
the tempering process. To temper the sample part it must be placed into the furnace at 375 
degrees Fahrenheit. Allow it to soak for 2 hours, then remove the sample part and allow it to 
cool to room temperature. The sample part should now be approximately at a hardness of 
60 RC. 

Austenitize and Air-Cool: 

1. This heat treatment is usually done by the manufacturer, which results in it being 
called the as-received condition 

2. To reach this state, a process called normalizing (also called the thermal history) is 
done. Normalizing 1045 steel usually consists of these steps: 

1. Austenitize: Place the steel in the furnace at 1562°F in the austenite range, 
and keep it there for an hour until the metal has reached its equilibrium 
temperature and corresponding solid solution structure. 

2. Air-cool: Take the steel out of the furnace and let it air-cool to room 
temperature. 

Austenitize and Furnace-Cool (Annealing): 

1. This process is also referred to as annealing. During annealing, the steel goes 
through the following temperature histories: 

1. Austenitize: Place the steel in the furnace at 1562°F in the austenite range, 
and keep it there for an hour until the metal has reached its equilibrium 
temperature and corresponding solid solution structure. 

2. Furnace-Cool: cool the steel slowly in the furnace. Allow the temperature to 
drop from 1562°F to 1292°F over a ten hour period. 

3. Air-cool: Take the steel out of the furnace and let it air-cool to room 
temperature. 

Austenitize and Quench: 

1. Austenitize: Place the steel in the furnace at 1562°F in the austenite range, and keep 
it there for an hour until the metal has reached its equilibrium temperature and 
corresponding solid solution structure. 



2. Quench: quickly remove the steel from the furnace, plunge it into a large container of 
water at room temperature, and stir vigorously. When using 1045 steel, room 
temperature water is used as the quenching medium. 

Quench: Rapidly remove material from furnace, plunge it into a large reservoir of water 
at ambient temperature, and stir vigorously. 

For 1045 steel, the quenching medium is water at room temperature (for other steels, other 
quenching media such as oil or brine are used). 

4. Austenitize, Quench, and Temper: 

1. Austenitize: Place the steel in the furnace at 1562°F in the austenite range, and keep 
it there for an hour until the metal has reached its equilibrium temperature. 

2. Quench: Quickly remove the steel from the furnace, plunge it into a large container 
of water at room temperature, and stir vigorously. 

3. Temper: 
1. Bring the steel to the tempering temperature and hold it there for about 2 

hours. 
2. There is a range of different tempering temperatures. For 1045 steel the range 

is from 392 to 932°F. 
3. The different temperatures lead to differences in mechanical properties. 
4. Lower temperatures give higher yield strength but lower toughness and 

ductility. 
5. Higher temperatures give lower strength but increase toughness and ductility. 

4. Air-cool: Take the steel out of the furnace and let it air-cool to room temperature. 

 

SAFETY 

The following procedures are suggested for a safe heat treating operation. 

1. Wear heat-resistant protective clothing, gloves, safety glasses, and a face shield to prevent 
exposure to hot oils, which can burn skin. 

2. Before lighting the furnace, make sure that air switches, exhaust fans, automatic shut-off 
valves, and other safety precautions are in place. 

3. Make sure that there is enough coolant for the job. Coolant will absorb heat given off by 
the metal as it is cooling, but if there is insufficient coolant, the metal will not cool at the 
optimal speed. 

4. Make sure that there is sufficient ventilation in the quenching areas in order to maintain 
desired oil mist levels. 

5. When lighting the furnace, obey the instructions that have been provided by the 
manufacturer. 



6. During the process of lighting an oil or gas-fired furnace, do NOT stand directly in front 
of it. 

7. Make sure that the quenching oil is not contaminated by water. Explosions can be results 
of moisture coming into contact with the quenching oil. 

8. Before taking materials out of the liquid carburizing pot, make sure that the tongs are not 
wet and that they are the correct tongs for the job. 

9. Make sure that an appropriate fungicide or bacterial inhibitor has been mixed into the 
quenching liquid. 

10. When quench tanks are not being used, always cover them. 

11. Use a nonflammable absorbent to clean leaks and oil spills. This should be done 
immediately. 

12. If possible, keep tools, baskets, jigs, and work areas free from oil contamination. 

13. Before breaks and before moving on to the next task, wash your hands thoroughly. 

14. If any skin trouble is shown or suspected, report to your instructor and get medical help. 

15. Fumes from the molten carburizing salt bath should not be inhaled, because carbon 
monoxide is a product of the carburizing process. 

16. Make sure there is good ventilation in the work area. 

17. Be on the lookout for contamination from pieces of carburized metal. 

18. Do not take oil-soaked clothes or equipment to areas where there are food or beverages. 

19. Do not take food or beverages where oils are either being used or stored. 

 

 



Heat Treatment operation 

During heat-treating operations, the metal is subjected to heating or cooling to acquire specific properties from 
that metal. 

Heat-treating operations require a quench as an integral part of this process. Quenching is a process that quickly 
cools the metal. Liquid quenches normally involve the use of mineral oils, water-based solutions or molten salt. 
Less severe quenches use circulated gases or forced air, or involve cooling in still air. 

Quenching operations pose various health and safety hazards to workers. These hazards include exposure to 
chemicals, working in high temperatures, and the risk of fire or explosion. 

Consider the properties of the quenchants plus the design, construction, location, control, monitoring and 
maintenance of the furnace itself to minimize these risks. 

Quenching operations are often followed by a degreasing with chlorinated solvents or water-soluble compounds. 

Only operate heat-treating equipment when properly trained. 

 

Some of the safety precautions to be followed during a heat-treatment 
operation 

• Wear a certified face shield, certified safety glasses, appropriate gloves and heat-resistant protective 
clothing when working with hot metal. Quench oils may be very hot (above 100°C) and oil 
temperature increases during quenching. Splashes or skin contact cause burns. Avoid skin contact 
with oils by using gloves and protective clothing. 

• Check that all safety devices, such as automatic shut-off valves, air switches, and exhaust fans are 
working properly before lighting the furnace. 

• Make sure the volume of the cooling medium is sufficient for the job. As the metal cools, the medium 
absorbs the heat. If there is not enough medium, it will become too hot to cool the metal at the 
desired rate. 

• Make sure that quenching areas have enough ventilation to keep oil mists at recommended levels. 

• Follow the manufacturer's instructions when lighting the furnace. 

• Stand to one side when lighting a gas or oil-fired furnace. 

• Make sure that water does not contaminate the quenching oil. Any moisture which comes in contact 
with the oil can cause an explosion. 

• Use the proper tongs for the job and make sure the tongs are dry before removing any work from a 
liquid carburizing pot. 

• Ensure that a suitable bacterial inhibitor or fungicide has been added to the quenching liquid. 

• Cover quench tanks when not in use. 

• Clean up oil spills and leaks immediately using a nonflammable absorbant. 

• Keep work areas, jigs, baskets and tools free from oil contamination where possible. 

• Wash hands thoroughly after work, at breaks (particularly meal times), before starting other tasks, or 
before using the toilet. 

• Get first aid for all injuries, including cuts and abrasions. 

• Report to your supervisor and get medical attention when suffering from, or if you suspect, skin 
trouble. 

 

What are some things you should avoid doing during heat-treatment 
operation? 



• Do not inhale the fumes from a molten carburizing salt bath. During the carburizing process, carbon 
monoxide is generated. Ensure that this area is well ventilated. These molten salt baths may contain 
potassium or sodium cyanide, a deadly poison. Handle the salt mixture with caution and watch for 
contamination from carburized metal pieces. 

• Do not wear oil-soaked clothing or put oily rags in your pockets. 

• Do not bring food or drink into areas where quench oils are stored or used. 

• Do not wear or take oil-contaminated clothing or equipment into areas where food or drink are 
consumed. 

• DO NOT INTRODUCE THE COMBUSTIBLE ATMOSPHERE INTO THE FURNACE BELOW 1400°F!!! 

• Never stand directly in front of the furnace door once the furnace is gassed up with a combustible 
gas. If an explosion should occur there is the potential for the explosion to blow off the furnace door. 

• The integral quench furnace will have an internal oil quench built into the unit. Ensure that the set 
point oil quench medium temperature is maintained. In other words, ensure that the oil quench 
agitators are functional and most importantly, that the quench oil heat exchanger is functional and 
operating within the quench medium temperature set point. 

• Ensure that the oil quench filters (usually on the external side of the furnace). This is because when 
the quenching procedure is in operation, fine particles resulting from microscopic debris quenching 
from both the work load and atmosphere are recirculating through the filters. It is recommended that 
a weekly filter clean is part of the weekly maintenance routine. 

• Check monthly the functionality of the explosion caps. 

• Ensure that all pilot light sensors are lightly brushed to remove any soot build up that will have 
deposited onto the sensors. (This applies to the main flame curtain as well as explosion caps). 

• Ensure that Operating and Maintenance manuals are kept. It is suggested that a master copy be held 
in a secure location, and that one is kept in maintenance department and the final one on the shop 
floor in a safe and secure location. 

• If operating an atmosphere generator, ensure that the air to gas is correct and not to forget to 
consider potential variances in atmosphere moisture content, (Particularly during both humid and 
rainy weather). 

 

Protective clothing 
• Wear eye protection (goggle or full-face mask) If operating a salt bath wear the face mask with 

complete head protection against salt splashes. 

• Wear a full heat resisting jacket with long sleeves for arm protection. 

• Wear also long-sleeved heat resistant gloves. 

• Wear appropriate foot protection with safety boots or shoes. 

• Wear appropriate ear protection against excessive noise. 

• Develop a personnel list of specialized heat treaters who can monitor the safety aspects of the 

department. 

 

  First aid 

• Develop a first aid team or individual who has at least been trained in FIRST AID. The first aider 

should at least be able to deal with burns that may occur in the department. 

• Develop a good first aid kit. Ask the local Dr for assistance in developing a first aid kit. 



• Know the local first responders’ access telephone numbers. (Including hospital, ambulance, 

fire department) 

• Do not use water to extinguish an oil fire. It can make the fire spread even further. If possible, 

starve the fire of oxygen by covering with a heat resistant blanket. 

• Have CO₂ and gas detectors at strategic locations within the heat treatment shop. 

• DO NOT enter a CONFINEDSPACE WITHOUT CONDUCTING A CONFINED SPACE ENTRY 

MEETING SO THAT ALL PARTY’S FULLY UNDERSTAND THEIR FUNCTION. 

• Confined space entry by a single individual without back is a recipe for a serious potential 

accident. 

 

 



Lighting or illumination is the deliberate use of light to achieve practical or aesthetic effects. Lighting 

includes the use of both artificial light sources like lamps and light fixtures, as well as natural 

illumination by capturing daylight. Daylighting (using windows, skylights, or light shelves) is sometimes 

used as the main source of light during daytime in buildings. This can save energy in place of using 

artificial lighting, which represents a major component of energy consumption in buildings. Proper 

lighting can enhance task performance, improve the appearance of an area, or have positive 

psychological effects on occupants. 

Indoor lighting is usually accomplished using light fixtures, and is a key part of interior design. Lighting 

can also be an intrinsic component of landscape projects. 

History 

With the discovery of fire, the earliest form of artificial lighting used to illuminate an area 

were campfires or torches. As early as 400,000 BCE, fire was kindled in the caves of Peking 

Man. Prehistoric people used primitive oil lamps to illuminate surroundings. These lamps were made 

from naturally occurring materials such as rocks, shells, horns and stones, were filled with grease, and 

had a fiber wick. Lamps typically used animal or vegetable fats as fuel. Hundreds of these lamps (hollow 

worked stones) have been found in the Lascaux caves in modern-day France, dating to about 15,000 

years ago. Oily animals (birds and fish) were also used as lamps after being threaded with a 

wick. Fireflies have been used as lighting sources. Candles and glass and pottery lamps were also 

invented.[1] Chandeliers were an early form of "light fixture". 

A major reduction in the cost of lighting occurred with the discovery of whale oil.[2] The use of whale oil 

declined after Abraham Gesner, a Canadian geologist, first refined kerosene in the 1840s, allowing 

brighter light to be produced at substantially lower cost.[ In the 1850s, the price of whale oil dramatically 

increased (more than doubling from 1848 to 1856) due to shortages of available whales, hastening 

whale oil's decline. By 1860, there were 33 kerosene plants in the United States, and Americans spent 

more on gas and kerosene than on whale oil. The final death knell for whale oil was in 1859, when crude 

oil was discovered and the petroleum industry arose. 

Gas lighting was economical enough to power street lights in major cities starting in the early 1800s, and 

was also used in some commercial buildings and in the homes of wealthy people. The gas 

mantle boosted the luminosity of utility lighting and of kerosene lanterns. The next major drop in price 

came about in the 1880s with the introduction of electric lighting in the form of arc lights for large space 

and street lighting followed on by incandescent light bulb based utilities for indoor and outdoor lighting. 

Over time, electric lighting became ubiquitous in developed countries. Segmented sleep patterns 

disappeared, improved nighttime lighting made more activities possible at night, and more street 

lights reduced urban crime. 

Fixtures 



Lighting fixtures come in a wide variety of styles for various functions. The most important functions are 

as a holder for the light source, to provide directed light and to avoid visual glare. Some are very plain 

and functional, while some are pieces of art in themselves. Nearly any material can be used, so long as it 

can tolerate the excess heat and is in keeping with safety codes. 

An important property of light fixtures is the luminous efficacy or wall-plug efficiency, meaning the 

amount of usable light emanating from the fixture per used energy, usually measured in lumen per watt. 

A fixture using replaceable light sources can also have its efficiency quoted as the percentage of light 

passed from the "bulb" to the surroundings. The more transparent the lighting fixtures are, the higher 

efficacy. Shading the light will normally decrease efficacy but increase the directionality and the visual 

comfort probability. 

Color temperature for white light sources also affects their use for certain applications. The color 

temperature of a white light source is the temperature in kelvins of a theoretical black body emitter that 

most closely matches the spectral characteristics of the lamp. An incandescent bulb has a color 

temperature around 2800 to 3000 kelvins; daylight is around 6400 kelvins. Lower color temperature 

lamps have relatively more energy in the yellow and red part of the visible spectrum, while high color 

temperatures correspond to lamps with more of a blue-white appearance. For critical inspection or 

color matching tasks, or for retail displays of food and clothing, the color temperature of the lamps will 

be selected for the best overall lighting effect. 

Types 

Lighting is classified by intended use as general, accent, or task lighting, depending largely on the 

distribution of the light produced by the fixture. 

• Task lighting is mainly functional and is usually the most concentrated, for purposes such 

as reading or inspection of materials. For example, reading poor-quality reproductions may 

require task lighting levels up to 1500 lux (150 footcandles), and some inspection tasks 

or surgical procedures require even higher levels. 

• Accent lighting is mainly decorative, intended to highlight pictures, plants, or other elements 

of interior design or landscaping. 

• General lighting (sometimes referred to as ambient light) fills in between the two and is 

intended for general illumination of an area. Indoors, this would be a basic lamp on a table or 

floor, or a fixture on the ceiling. Outdoors, general lighting for a parking lot may be as low as 10-

20 lux (1-2 footcandles) since pedestrians and motorists already used to the dark will need little 

light for crossing the area. 

Methods 

• Downlighting is most common, with fixtures on or recessed in the ceiling casting light 

downward. This tends to be the most used method, used in both offices and homes. Although it 

is easy to design it has dramatic problems with glare and excess energy consumption due to 



large number of fittings. The introduction of LED lighting has greatly improved this by approx. 

90% when compared to a halogen downlight or spotlight. LED lamps or bulbs are now available 

to retro fit in place of high energy consumption lamps. 

• Uplighting is less common, often used to bounce indirect light off the ceiling and back down. It is 

commonly used in lighting applications that require minimal glare and uniform general 

illuminance levels. Uplighting (indirect) uses a diffuse surface to reflect light in a space and can 

minimize disabling glare on computer displays and other dark glossy surfaces. It gives a more 

uniform presentation of the light output in operation. However indirect lighting is completely 

reliant upon the reflectance value of the surface. While indirect lighting can create a diffused 

and shadow free light effect it can be regarded as an uneconomical lighting principle. 

• Front lighting is also quite common, but tends to make the subject look flat as its casts almost 

no visible shadows. Lighting from the side is the less common, as it tends to 

produce glare near eye level. 

• Backlighting either around or through an object is mainly for accent. Backlighting is used to 

illuminate a background or backdrop. This adds depth to an image or scene. Others use it to 

achieve a more dramatic effect. 

Vehicle Use 

Vehicles typically include headlamps and tail lights. Headlamps are white or selective yellow lights 

placed in the front of the vehicle, designed to illuminate the upcoming road and to make the vehicle 

more visible. Many manufactures are turning to LED headlights as an energy-efficient alternative to 

traditional headlamps.[21] Tail and brake lights are red and emit light to the rear so as to reveal the 

vehicle's direction of travel to following drivers. White rear-facing reversing lamps indicate that the 

vehicle's transmission has been placed in the reverse gear, warning anyone behind the vehicle that it is 

moving backwards, or about to do so. Flashing turn signals on the front, side, and rear of the vehicle 

indicate an intended change of position or direction. In the late 1950s, some automakers began to 

use electroluminescent technology to backlight their cars' speedometers and other gauges or to draw 

attention to logos or other decorative elements. 

Lamps 

Commonly called 'light bulbs', lamps are the removable and replaceable part of a light fixture, which 

converts electrical energy into electromagnetic radiation. While lamps have traditionally been rated and 

marketed primarily in terms of their power consumption, expressed in watts, proliferation of lighting 

technology beyond the incandescent light bulb has eliminated the correspondence of wattage to the 

amount of light produced. For example, a 60 W incandescent light bulb produces about the same 

amount of light as a 13 W compact fluorescent lamp. Each of these technologies has a 

different efficacy in converting electrical energy to visible light. Visible light output is typically measured 

in lumens. This unit only quantifies the visible radiation, and excludes invisible infrared and ultraviolet 

light. A wax candle produces on the close order of 13 lumens, a 60 watt incandescent lamp makes 



around 700 lumens, and a 15-watt compact fluorescent lamp produces about 800 lumens, but actual 

output varies by specific design. Rating and marketing emphasis is shifting away from wattage and 

towards lumen output, to give the purchaser a directly applicable basis upon which to select a lamp. 

Lamp types include: 

• Ballast: A ballast is an auxiliary piece of equipment designed to start and properly control the 

flow of power to discharge light sources such as fluorescent and high intensity discharge (HID) 

lamps. Some lamps require the ballast to have thermal protection. 

• fluorescent light: A tube coated with phosphor containing low pressure mercury vapor that 

produces white light. 

• Halogen: Incandescent lamps containing halogen gases such as iodine or bromine, increasing the 

efficacy of the lamp versus a plain incandescent lamp. 

• Neon: A low pressure gas contained within a glass tube; the color emitted depends on the gas. 

• Light emitting diodes: Light emitting diodes (LED) are solid state devices that emit light by dint of 

the movement of electrons in a semiconductor material. 

• Compact fluorescent lamps: CFLs are designed to replace incandescent lamps in existing and 

new installations.[24][25] 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

MACHINE SAFETY 



Introduction 
 
 
 

Unguarded moving parts of machines/equipment and the 

sudden or uncontrolled release of their power systems can 

result in serious injuries. 
 
 

Personnel working with machines must be aware of the risks 

involved and follow safe work practices. 



Causes of accidents while working with machinery 
 
 

• Loose clothing, hair, jewelry being caught in moving parts. 
 
 

• Materials ejected from the machine when it is operational. 
 
 

• Inadvertent starting of the machine. 
 
 

• Slipping and falling into an unguarded nip. 
 
 

• Contact with sharp edges, e.g., cutting blade. 
 
 

• Making adjustments while the machine is operational. 
 
 

• Unauthorized operation of machines. 
 
 

• Lack of preventive maintenance. 



Hazards 
 
 
 

- Rotating machine parts give rise to nip points. Examples are 
 
 

• Rotating gears 

• Belt and its pulley 

• Chain and sprocket 

• Between grinding wheel and tool rest 

• Between rotating and fixed parts 
 
 
 

- Rotating parts operating alone 

• Shafts 

• Couplings 
 
 
 

- Reciprocating and sliding motions 



Dangerous parts of machinery 
 
 

Running nips between parts rotating in oppositedirections, 

for e.g., gear wheels. 
 
 
 
 
 
 
 

Nip 

point 



Dangerous parts of machinery 
 
 
 

Rotating parts operating alone e.g., couplings. 



Dangerous parts of machinery 
 
 
 

Between rotating and tangentially moving parts e.g.,belt 
drives. 



Dangerous parts of machinery 
 
 
 

• Wherever there is a rotating part operating close to a fixed 
structure there is a danger of trapping or crushing. 

 
 

• Reciprocating and sliding motions. 



Machine Guarding 
 
 
 

Any machine part which can cause injury, must be guarded. 
 
 

Machine guards help to eliminate personnel hazardscreated 

by points of operation, ingoing nip points, rotating parts and 

flying chips. 



Types of guards 
 
 
 

Commonly used machine guards are 
 
 

• Fixed guard 

• Interlocked guard 

• Adjustable guard 

• Self adjusting guard 

• Pull back device 

• Two-hand control 



Types of guards 
 
 

Fixed guard- is kept in place permanently by fasteners that 

can only be released by the use of a tool. 



Types of guards 
 
 
 

• Interlocked guard- shuts off or disengages power to the 

machine and prevents it from starting when the guard is 

removed/opened. 
 
 

•Adjustable guard- provides a barrier which can beadjusted 

to suit the varying sizes of the input stock. 
 
 

• Self adjusting guard-provides a barrier which moves 

according to the size of the stock entering the dangerarea. 



Types of guards 
 
 
 

• Two hand control - concurrent use of both hands is 

required to operate the machine, preventing the operator 

from reaching the danger area. 
 
 

• Pull back - the device is attached to the wrist of the operator 

which pulls the operator's hands away from the point of 

operation or other hazardous areas when the machine 

operates. 



Miscellaneous safeguarding aids 
 
 
 
 

• Shields can be used to provide protection from flying 

particles, splashing metal working fluids or coolants. 
 
 

• Holding tools can be used to place and remove stock. 

Example, reaching into the danger area of a powerpress. 
 
 

• Holding tools must not be used as a replacementof 

machine guards. 



Safety precautions while working with machinery 
 
 
 

• Ensure that the guards are in position and in goodworking 

condition before operating. 
 
 

• Know the location of emergency stop switch. 
 
 

• Do not wear loose clothing or jewelry that can be caught in 

the rotating parts. 
 
 

• Confine long hair. 



Safety precautions while working with machinery 
 
 

• The keys and adjusting wrenches must be removed from 
the machine before operating it. 



Safety precautions while working with machinery 
 
 
 

• Stop the machine before measuring, cleaning ormaking 

any adjustments. 
 
 

• Do not handle metal turnings by hand as they cancause 

injury. Use brush or rake to remove turnings. 
 
 

• Keep hands away from the cutting head and all moving 

parts. 
 
 

• Cutting tools and blades must be clean and sharp, so that 

they can be used without force. 



Safety precautions while working with machinery 
 
 
 

•Avoid awkward operations and hand positions. Asudden 

slip could cause the hand to move into the cutting tool or 

blade. 
 
 

• Keep work area clean. Floors must be level and have a 

non-slip surface. 
 
 

• There must be enough space around the machine to do 

the job safely. 



Safety precautions while working with machinery 
 
 
 

• The person working with the machine must notbe 

distracted. 
 
 

• Machines must not be left unattended. Switch off the 

machine before leaving. 
 
 

• Rotating parts of machines must not be stopped with 

hands after switching off. 



Safety precautions while working with machinery 
 
 
 

• Compressed air must not be used to clean machines, as 

this can force small particles to fly off and can cause injury. 



Personal protective equipment 
 
 

• Safety glasses must always be used while working with 

machinery for protection from flying particles. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• Safety glasses must be worn by all personnel 
entering an area where machines are operated. 



Personal protective equipment 
 
 

• Ear protection must be worn for protection from highnoise. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• Safety shoes must be worn if there is handling of heavy 

materials. 
 
 

• Hand gloves must NOT be used while working with 

machinery, due to the chances of getting caught in the 

nip point. 



Safe work practices – Drill press 
 
 

• When making deep holes, 

clean the hole frequently. 
 
 

• Use a clamp or drill vise to 

prevent work from spinning. 
 
 

• The drill bit or cutting tool 

must be locked securely in 

the chuck. 
 
 

• Remove the chuck key before 

starting the drill press. 
 
 
 

• Lubricate drill bit when drilling 
metal. 



Safe work practices – Drill press 
 
 

• Reduce the drilling pressure when the drill begins tobreak 

through the work piece. This prevents drill from pullinginto 

the work and breaking. 
 
 

• Do not force the drill with extra pressure. 
 
 

• Do not hold the work by hand. 
 
 

• Do not place hands under the stock being drilled. 



Safe work practices- Lathe 
 
 

• Centre the drill work deeply enough to provide support 

for the piece while it is turning. 
 
 

• Secure and clamp the piece being worked. 



Safe work practices- Lathe 
 
 

• Guard must be provided to the chuck. 
 
 

• Inspect chucks for wear or damage. 
 
 

• Remove chuck wrench immediately after adjusting chuck. 



Safe work practices -Grinding machine 
 
 

Causes of personal injury while working with abrasive wheels 

are follows: 
 

• Holding the work incorrectly. 
 
 

• Incorrect adjustment or lack of 

work rest. 
 
 

• Using the wrong type of wheel 

or         disk         or         a         poorly         maintained 

or imbalanced one. 
 
 

• Grinding on the side of the 

wheel. 



Safe work practices -Grinding machine 
 
 

Causes of personal injury while working with abrasive wheels 

are follows(contd.) 
 
 

• Grinding too high above the center of a wheel. 
 
 

• Incorrect mounting and exceeding speeds recommended 

by manufacturer can lead to bursting of wheel. 
 
 

• Using spindle with incorrect diameter. 



Safe work practices - Grinding machine 
 
 
 

Tool/Workrest 
 
 

• The work rest must be securely clamped and the gap 

between the tool rest and wheel must not be more than 

3mm. 
 
 

• The work rest height must be on the horizontal center 

line of the machine spindle. 
 
 

• The rest must never be adjusted while the wheel is in 

motion as the work rest may slip and strike the wheel 

and break it, or cause injury to the operator. 



Lockout-Tagout 
 
 
 
 
 

Lockout-tagout or lock and tag is a 

system used to ensure that 

machines are properly shut off and 

not started up again before the 

completion of maintenance or 

servicing work. 



Lockout-Tagout 
 
 

• Hazardous power sources must be isolated before any 

repair procedure is started. 
 
 

• Different types of locks are used for locking the machine or 

the power source in a manner that no hazardous power 

sources can be turned on. 
 
 

• A tag is also attached to the locked device indicating thatit 

must not be turned on. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

THANK YOU 



Machine Shop Safety Rules 
 
Moving machine parts have the potential to cause severe workplace injuries, such as crushed 
fingers or hands, amputations, burns, or blindness. Safeguards are essential for protecting 
workers from these preventable injuries. Any machine part, function, or process that may cause 
injury must be safeguarded. When the operation of a machine or accidental contact injures the 
operator or others in the vicinity, the hazards must be eliminated or controlled. 
 
 

General Safety Rules 

These are the very basic safety rules for all shops and studios.  They are based on many years of experience 
and are essential for working safely in the shop.  Learn these rules and follow them at all times. 

Personal Safety  

1. Eye protection must be worn at all times when in the workshop. This applies regardless if you are 
working on machinery or not. Activities of others can affect your safety. 

2. No student is allowed to work in the any shop alone. You must have at least one other person with 
you. If there is an accident, the other person can call for help and come to your aid. 

3. Obtain first aid immediately for any injury. Report all accidents/injuries to a monitor and/or 
instructor, no matter how insignificant they may seem at the time. This will help us to mitigate 
hazards in the future. 

4. Do not operate machinery that you have not been authorized to use. This will protect both you and 
the equipment from harm. 

5. Only students on the authorized list are permitted to use the workshop. 

6. No pets are allowed in the workshop. Pets are a distraction and become a tripping hazard by 
roaming the shop floor.  

Dress Code 

1. No open-toed shoes or high heels allowed. To provide secure footing, choose shoes with softer soles 
and stable platforms. Wearing appropriate footwear will help protect feet from falling objects and 
hot sparks or chips. 

2. No loose clothing allowed. This includes but is not limited to ties, scarves and loose-sleeved shirts. 
Short sleeves or sleeves rolled above the elbow are preferred. When welding, long sleeves are 
required for protection from arc-flash and metal sparks. 

3. No shorts, short dresses or skirts allowed when working in the Boliou metal shop or anywhere in the 
Mudd Instrument shop. Burred edges of freshly cut metal, such as sheet stock, are razor sharp. 



Wearing of long pants will protect you and those around you. Additionally, hot chips will burn/cut 
exposed skin, potentially startling the operator. 

4. Remove all jewelry that could be caught in moving machinery. This includes rings and loose 
bracelets. Remove necklaces and the like, if not securely restrained. 

5. Restrain all hair, including beards, that has potential for entanglement with moving machinery. 

6. Wearing of gloves when working on moving machinery is prohibited. Gloves can easily become 
entangled in moving machinery and thus are not allowed. The only exceptions to this rule are: 

o The wearing of gloves while using a bench or portable grinder or buffing wheel. 

o The wearing membranous gloves (such as latex or nitrile) for personal protection from 
chemicals or contamination control. 

Machine Maintenance  

1. Do not attempt to oil, clean, adjust or repair any machine while it is running. Performing 
maintenance on moving machinery exposes you to additional hazards. 

2. Ensure that all machine guarding is in place and functioning properly. Inform the monitor if the 
guarding is damaged or malfunctioning. 

3. Do not leave machines running unattended. Others may not notice the machine is running and may 
be injured by moving parts. 

4. Do not try to stop the machine with your hands or body. Stopping the machine with your body can 
result in entanglement. Let the machine come to a stop naturally. 

5. Always keep hands, hair, feet, etc. clear of all moving machinery at all times. Be aware of all moving 
parts, especially cutting tools and chucks. 

6. Remove chuck keys, wrenches and other tools from machines after making adjustments. Chuck keys 
left in the chuck when the machine turns on become dangerous flying objects. 

7. Listen to the machine(s)—if something does not sound right, shut it down. If the machine sounds 
abnormal to you, it probably is not operating properly. Inform the shop monitor of problems. 

8. Never use compressed air for cleaning machinery. This will embed particulates into the precision 
machine parts and will drastically reduce the life of the machine. Use the supplied chip brushes and 
rags to clean machinery. 

9. Never use compressed air to clean your clothes or any part of your body. Particles can become 
embedded in skin and eyes. In extreme cases, air can be introduced into the bloodstream. 

Work Practices  

1. Double check that tooling and work pieces are properly supported and clamped prior to starting a 
machine. 



2. Heavy or unwieldy work pieces often require special support structures to machine safely. Ask for 
help if you are unsure if your work piece requires additional support. 

3. Ask for help when moving awkward or heavy objects. This will protect you and those around you 
from injury. 

4. Deburr sharp edges of freshly cut stock. This includes the piece of stock that goes back in the stock 
rack. Eliminating burred edges minimizes the chances for personal injury and marring of precision 
machine surfaces. 

5. When working with another person only one person should operate the machine. 

6. Do not lean against the machines; it is poor etiquette. If you need a rest, grab a chair. 

7. Do not talk unnecessarily while operating a machine. Do not talk to others while they are operating a 
machine. Do not become a distraction to others. Concentrate on the work and the machine at all 
times; it only takes a moment for an accident to occur. If you must talk, turn off the machine. 

8. Be sure you have sufficient light to see clearly when performing any job. Well lit workspaces are 
much safer and less straining on the operator. 

9. Work at a pace that is comfortable for you. Rushing will compromise safe working practices, along 
with part quality, and will increase the chance of damaging equipment. 

10. If you do not know how to do something—ASK! Do not engage in any activity that may have unusual 
risk. Trust your judgment. Check with the monitor if you have any doubts about what you are doing. 

11. Excessively loud music is prohibited. You need to hear operation of machines and be able to have 
conversation.  Headphones and earbuds are never allowed. 

Shop Cleanliness Rules  

1. Keep floors free of sawdust, oil, grease or any other liquid. Clean up spilled liquids immediately, they 
are slipping hazards. 

2. Store materials in such a way that they cannot become tripping hazards. Immediately return all 
excess material to its proper storage place. 

3. Put tools away when not in use. This prevents loss of tools and also makes them available to others. 

4. Place all scrap in scrap containers. 

5. Stop work 10 minutes prior to the time you need to leave the shop. This will provide ample time to 
clean and replace tools to their homes. 

6. KEEP THE SHOP CLEAN AT ALL TIMES. It is all of our responsibility to keep the shop clean. There is no 
excuse for a cluttered or messy workspace. If your workspace is cluttered, then you are working too 
fast. Slow down. Know this: you will not anger someone if you clean up after them. In fact, they will 
likely do the same for you. 



 

 
General 

1. These job safety rules are in addition to the General Safety Rules. You must know and follow both. 

2. Workers must not remove or make ineffective any safeguards, unless authorized. Safeguards removed for 

repairs must be replaced promptly or temporary guards installed. 

3. Machines and equipment shall be operated by authorized personnel only. 

4. No machine shall be left unattended while it is in motion. 

5. Cleaning, oiling or adjusting any machine shall not be done while the machine is in motion. 

6. Materials to be machined shall be securely fastened or clamped to the working surfaces before starting the 

machine. 

7. Keys or other adjusting tools must never be left so that they may creep, be thrown, or fall when machine is 

started. 

8. Use a brush, special tool or hook to remove chips, shavings or other material from work. Flowing shavings 

shall not be handled with bare hands; metal hooks shall be used. 

9. Revolving shafting, although apparently smooth, will catch loose or ragged clothing, hair or wiping rags. 

Proper clothes and caution are always necessary when working around any revolving machinery. 

10. When tightening work in chuck jaws with chuck wrench, operator shall see that wrench fits properly; 

operator should take proper stance when tightening jaws to prevent falling if wrench slips. 

11. When placing or removing heavy castings or billets from machines, operator shall get help or crane service to 

prevent injury. 

12. Operators shall keep hands away from cutters and bars while operating machines. Operators shall keep 

hands off work while machine is in operation. 

13. Operators shall stand so that they can easily reach the machine controls. 

14. Cutters and tools shall be in the clear before machines are started. 

15. Clean-up chips, spills, etc., on and around machinery after each use. 

Lathes 
16. All materials shall be properly secured in chucks and collets before machines are started. 

17. Do not leave chuck wrench in chuck after removing work from chuck. 

18. Keep hands off chuck rims when lathe is in motion. 

19. Do not attempt to screw chuck on lathe spindle with power on, as it may get cross-threaded and cause an 

accident. 

20. Safety-type lathe dogs shall be used when turning work on centers. 

21. See that tail stock, tool holder and work are properly clamped before turning on power. 



22. It is dangerous to shift step pulley belts with the hands while the belts are in motion with power on; use a 

belt pole or other suitable stick. 

23. Do not attempt to adjust a tool while the lathe is running. 

24. Operators shall not attempt to use micrometers on revolving work. 

Drill Press 
25. Never attempt to hold the work under the drill by hand; clamp it securely to the table before starting the 

machine. 

26. When tightening drill in chuck of drill press, remove release key before you start machine, or your arm may 

be twisted around spindle. Never leave key in chuck. 

27. Use drills properly sharpened to cut to the right size. 

28. Run the drill only at the correct speed; forcing or feeding too fast may cause broken drills and result in 

serious injury. 

29. If the work should slip from clamp, never attempt to stop it with your hands. Stop the machine to make any 

adjustment or repair. 

30. Drills, reamers, etc., must never be forced by exerting excess pressure on the feed lever. Tools may break 

and cause injury. 

Milling Machines 
31. All work shall be secured properly and all loose objects removed from tables before machines are operated. 

32. Cutters shall be checked for cracks or breaks before mounting and shall be securely mounted before 

operations are started. 

33. Operators shall keep head and hands away from cutters when machine is in operation. 

34. File tangs or other makeshift drifts shall not be used to remove taper shank tools. Proper drifts are available 

in tool rooms. 

35. Safety guards shall be placed around any work item extending beyond machine table. 

36. Milling cutters and other hardened tools shall not be struck with steel hammer. Blocks of wood, rawhide, or 

copper hammers should be used. 

37. Proper feeds and speeds shall be selected before operations are started. 

38. Machines shall be stopped before any attempts are made to measure or to check work. 

39. Guards and baffles shall be used to protect others from flying chips, oil or coolants. 

40. Operators shall be sure that cutters and feeds are turning in the proper direction so the cutters will not climb 

up or jam. Such an accident can cause injury to the work, the machine, and to the operator as well. 

Operation and Grinders 
41. Caution: All grinding wheels operate at dangerous speeds. 

42. See that the grinding wheel fits easily on the spindle. It is dangerous to force it on, nor should it be too loose. 



43. Washers or flange facings or compressible material shall be fitted between the wheel and its flanges. If 

blotting paper is used, it should not be thicker than .025 inch. 

44. After a wheel is mounted, allow it to develop full operating speed for at least one minute; meanwhile, stand 

to one side and out of danger. Never apply the work until this speed test has been made and the wheel has 

been properly dressed. Under no condition should the wheel revolve faster than the safe R.P.M. 

recommended by the manufacturer as shown on the label. 

45. Do not force work against a cold wheel, but apply it gradually, giving the wheel an opportunity to warm, thus 

reducing the chance of breakage. This applies to starting work in the mornings in cold rooms and to new 

wheels which have been stored in a cold place. 

46. Wheel dressers, except the diamond type, shall be equipped with guards over the tops of the cutters to 

protect against flying pieces, broken cutters, or wheel particles. 

47. Operator shall see that wheel turns freely and is properly mounted before operating. 

48. All wheels should be given the "ring" test before they are mounted on machines. 

49. Gloves should not be worn while operating grinders. 

50. Dust collectors or other exhaust systems shall be in operation during grinding operations on machines so 

equipped. 

51. Tools or other loose objects shall be kept off machines in operation. 

52. Wheel guards shall be kept in place and in good condition while machine is in operation. 

53. Safe operating speeds are marked on wheels by manufacturers. 

54. Operators shall not run wheels faster than recommended speeds. 

55. Operators shall avoid standing directly in front of grinding wheels, especially when starting. 

56. Wheels loaded or clogged with metal shall not be used until dressed. 

57. Grinding wheels out of round or out of balance shall be trued before using. 

58. Eye protective equipment with side shields shall be worn while grinders are being operated. 

59. Grindings wheels shall be equipped with tool rests, same must not be worn more than one-eighth inch from 

stone and work held firmly thereon. 

60. It is unsafe to adjust a work-rest while the grinding wheel is in motion. The rest may slip and break the 

wheel. 

61. The side of an emery wheel shall not be used for grinding unless it is a special-type wheel for that purpose. 

62. Be especially careful when grinding narrow tools. They are apt to catch between the rest and the wheel. 

Planers, Shapers and Slotters 
63. Jobs shall be securely mounted and all tools removed from tables before machines are started. 

64. Machine stroke shall be properly adjusted so as to clear work and machine tables. 



65. Operators shall stand clear of work that projects over side of planer tables. 

66. Operators shall not try to adjust stroke or position of ram while cut is being taken. 

67. Operators should stand so machine controls are easily reached. 

68. While machines are in operation, hands shall be kept away from clapper boxes. Adjustment shall not be 

made to tools when clapper boxes are raised. 

69. Screens shall be provided against flying chips or cuttings to protect other employees working nearby. 

70. Operators should take proper stance when pulling on long wrenches to bolt down work on machines to 

prevent falling and strain should the wrench slip. 

Welding 
71. All welding operations shall follow the Job Safety Rules for welding. 

Personal Protective Equipment 
72. Safety spectacles, either prescription or plain type, or a face shield, shall be worn on the job. 

73. Work shoes (safety shoes recommended) should be worn by all machinists since handling material is an 

essential part of this occupation. 

74. Gloves are recommended for protection in handling material but must not be worn when operating 

machines. 

 

it is the responsibility of the employee and supervisor to ensure employees are not under 
protected of over protected. The first PPE coverage areas are arm and hand protection. Arms 
and hands are vulnerable to cuts, burns, bruises, electrical shock, chemical spills etc. Gloves 

provide protection for the hands and arms from chemicals, temperature extremes, and 
abrasion. Their proper selection is vital to their ability to protect. Another factor in the selection 

of gloves is the wearer’s need for dexterity. It is often advisable to reduce the size and thickness 
of the glove to increase the dexterity. Caution is also required when using gloves around 

moving equipment. Types of gloves: disposable latex gloves, chemical resistant gloves, leather 
gloves, heat-resistant, and cotton gloves. 
Always wear the appropriate hand and arm protection. For arm protection, wear a long-sleeved 

shirt, chemical resistant sleeves etc. 

Body protection hazards that threaten the torso tend to threaten the entire body. A variety of 

protective clothing, including long pants, coveralls, and disposable body suits are available for 
specific work conditions. Never take home contaminated clothing. Coveralls, aprons, and 
disposable body suits protect employees and everyday clothing from contamination. Welding 

aprons/jackets provide protection from sparks. 
Hearing protection if you work in a high noise area, wear hearing protection. Most hearing 

protection devices have an assigned rating that indicates t he amount of protection provided.  
Examples of hearing protection provided would be disposable earplugs, reusable earplugs and 

sealed earmuffs. 



Eye and face protection employees must wear protection if hazards exist that could cause eye 
or face injury.  Eye and face protection should be used in conjunction with equipment guards, 

engineering controls and safe practices. Safety glasses or goggles are required in laboratories. 
Thousands of people are blinded each year from work-related eye injuries that could have been 

prevented with the proper selection and use of eye and face protection. Eye injuries alone cost 
more than $300 million per year in lost production time, medical expenses, and workers 

compensation. 
Eye protection is provided whenever necessary to protect against chemical, environmental or 
mechanical irritants and hazards. 

Always wear adequate eye and face protection when performing tasks such as grinding, buffing, 
welding, chipping, cutting, or pouring chemicals. Safety glasses with shields provide protection 

against impact and splashes, but safety googles provide protection against impact, splashes and 
hazardous atmospheres. All safety glasses must be ANSI 287 certified. 
Safety glasses if you wear prescription glasses, wear goggles or other safety protection over 

glasses. Safety glasses with side shields provide primary protection to eyes and are four times 
as resistant as prescription glasses to impact injuries. Do not wear contact lens in the 

laboratory, or other areas where hazardous atmospheres may be present. Contact lenses do 
not provide eye protection and may reduce the effectiveness of an emergency eyewash. 

Goggles protect against impacts, sparks, chemical splashes, dust and irritating mist. Wear full 
goggles, not just safety glasses, when working with chemicals. 
Welding eyecup welding goggles with filter lenses give protection from glare and sparks. A 

welding, soldering, or brazing, but does not provide primary eye protection; safety glasses or 

goggles should be worn with the helmet. Face shields are designed to protect the face from 

some splashes or projectiles, but does not eliminate exposure to vapors. A face shield should be 
worn with the helmet. Sunglasses are useful to prevent eyestrain from glare and to minimize 
ultraviolet light exposure. 

Foot protection to protect feet and legs from falling objects, moving machinery, sharp objects, 
hot materials, chemicals or slippery surfaces, employees should wear closed toed shoes, boots, 

footguards, leggings or safety shoes, as appropriate. 

Head protection safety hardhats protect the head from impact, penetration, and electrical 

shock. Head protection is necessary if you work where there is a risk of injury from moving, 
falling, or flying objects or if you work near high voltage equipment. 

 



 

 

 

 
 

 

Metal cutting shears 
 

Metal cutting shears are used for cutting scrap metal to a suitable size for handling 

and transport to a metal recovery operation. Sometimes they are constructed as an 

alligator shear or a shearing and baling press. In a shearing and baling press, the 

closing lid forms a shear with the side of the baling press. 
 
 

Usually, the cut off piece will fall into the baling press, or be collected in a bin placed near an alligator shear. 

 
The blade starts at one side of the metal placed on the anvil, similar to the action of scissors. Some shears 

are integrated with a press to form cut metal into blocks, and those blocks are often sized for placing into a 

furnace for recycling. 

 

 

Figure 1: Metal cutting shears 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Metal cutting shearing and baling press 
 

 



 

 

 
Personal protective equipment (PPE) 

 
Ear protection 

Eye protection 

Hand protection 

 

 
 

Hazards 
 

Contact with scrap metal 

Entrapment from moving parts 

Entrapment from contact with blades and bending metal 

Contact, impact or entrapment from moving parts/unwanted movement 

Noise 

Leaking hydraulic hoses 

Slips, trips and falls 

Entrapment or impact from unexpected movement (during maintenance, cleaning & repairs) 



 

 

 
Contact with scrap metal 

 
Cuts 

Eye irritation or damage 

 
Scrap metal MUST be collected without a need to reach into the shears or any related press. 

WEAR eye protection. 

 
Entrapment from moving parts 

 
Trapped hands or fingers 

Tasks 
 

Task – Load & unload 

 
HAZARD 

 

 
 
 

HARM 

 

 
 
 

CONTROLS 

 

 

Sharp edges may cut. Scrap metal with a brittle coating is likely to spray hard chips of coating material as it 

is cut. 

 
 

 
HAZARD 

 

 
 
 

HARM 

 



 

 

 
ISOLATE point of closure at the clamp and blade using distance guards and a method to 

secure the metal. 

 
Entrapment from contact with blades and bending metal 

 
Deep cuts or amputation of fingers or hands 

 
DEFINE a “no go” area. Hands MUST be prevented from reaching beneath blades. 

PLACE a distance table to minimise the chance of reaching to the blade, and to support metal 

while it’s cut. 

When it’s not possible to use a clamp to hold metal, SET vertical metal stops in the fixed part 

of the shear or anvil, close to the cut. 

The operator MUST control any blades they can directly reach. 

 
Contact, impact or entrapment from moving parts/unwanted movement 

CONTROLS 

 

 
 
 

Task – Make the cut 

 
HAZARD 

 

 
 
 

HARM 

 

 
 
 

CONTROLS 

 

 

Metal cutting shears usually have mechanical or hydraulic prime movers. Energy for the blade in hydraulic 

shears comes from pressure in a hydraulic ram – hydraulic oil flowing into the ram controls the tool 

movement and speed. Hands can be trapped when metal bends as it is sheared. 

 
 

 
HAZARD 

 



 

 

 
Crush injuries 

Bruising 

Fractures 

 
FIX a distance guard to prevent reaching into moving parts. 

PROVIDE support for metal parts that may fall and cause injury. 

If there is a chance that shears may fall, the raised lid MUST be chocked while people reach 

beneath it. 

COVER any pedals to minimise the chance of an unintentional start. 

ISOLATE ALL hazards, including moving parts of the hydraulic ram, and access to any press 

working with the shears. 

 
Hearing damage or loss 

HARM 

 

 
 
 

CONTROLS 

 

 
 
 

Other (non-mechanical) hazards 

 
HAZARD 

 
 
 
 

HARM 

 

 
 
 

CONTROLS 

 
Noise 



 

 

 
Leaking hydraulic hoses 

 
Leakages may seep into skin 

Hand pain 

Tissue and muscle damage 

Puncture wounds 

 
Leaking oil, or bulging or abraded hose walls, MUST have faulty parts replaced. 

DO NOT use hands or fingers to detect hydraulic oil leaks. 

If oil seeps onto anyone’s skin, or someone working near hydraulic oil under pressure thinks 

they were bitten by an insect, they MUST be TAKEN to hospital, with full information 

presented to medical staff. 

APPLY a programme preventive maintenance (hydraulic hoses and hydraulic hose couplings). 

 

 
 

A safe noise level over an eight hour day is 85dB(A). Metal cutting shears may exceed this noise intensity. 

 
 

 
HAZARD 

 

 
 
 

HARM 

 

 
 
 

CONTROLS 

 

 

May leak with high pressure jets of oil. 

 
Hydraulic oil under pressure will penetrate skin, even seeping through leather gloves 

 
 

 
HAZARD 

 
REDUCE noise levels by isolating machines or enclosing within noise barriers. 

ASSESS noise levels. 

ARRANGE hearing screenings. 

ALWAYS WEAR hearing protection. 



 

 

 
Potential for hands to be trapped 

Cuts 

Bruising 

 
KEEP up-to-date housekeeping procedures. 

KEEP the area around shears clear of slip and trip hazards. 

 
Entrapment or impact from unexpected movement 

 
Cuts 

Bruising 

Fractures 

 

 
 
 
 

HARM 

 

 
 
 

CONTROLS 

 

 
 
 

Task – Maintenance, cleaning & repairs 

 
HAZARD 

 

 
 
 

HARM 

 

 
 
 

CONTROLS 

 
Slips trips and falls 



 

 

 

 
 
 
 

 

 
LOCK-OUT ALL power supplies before maintenance, cleaning and repairs. 

PROVIDE support for metal parts that may fall and cause injury. 

KEEP written safety procedures. 

ARRANGE regular inspections by a competent person. 

REMOVE machines that fail inspection, and DO NOT USE until repaired or replaced. 

When a shear is altered, a new hazard assessment MUST be performed, and safety 

improvements made. 



Motivation for Safety 
 

 
 

❖ What is motivation? 

Motivation is the driving force that causes the flux from desire to will in life. For example, 

hunger is a motivation that elicits a desire to eat. 

Motivation has been shown to have roots in physiological, behavioral, cognitive, and social 

areas. Motivation may be rooted in a basic impulse to optimize well-being, minimize physical 

pain and maximize pleasure. It can also originate from specific physical needs such as eating, 

sleeping or resting, and sex. 

Motivation is an inner drive to behave or act in a certain manner. These inner conditions such as 

wishes, desires and goals, activate to move in a particular direction in behavior. 

 

❖ Why do we need it for safety? 

Safety in the workplace is a combination of three measurable components:  

• The people,  
• Their environment and 
• Their behavior 

Only when these three elements are combined can workplace accidents be eliminated. 

 
❖ The people component consists of Employees: 

• Physical capabilities, 

• Experience, and 

• Training 

❖ The work environment represents: 

• Engineering Controls, 

• Equipment, 

• Job task, and 

• Work culture 

❖ The final and most often overlooked component is behavior—what the person does on the 
job. 

 

http://en.wikipedia.org/wiki/Desire
http://en.wikipedia.org/wiki/Volition_%28psychology%29
http://en.wikipedia.org/wiki/Life
http://en.wikipedia.org/wiki/Hunger


Abraham Maslow’s Hierarchy of Needs: 

Self Actualization Needs  (achievement, creativity etc.) 

 

Ego Needs   (importance, dignity, power, status, recognition etc) 

 

Social Needs  (acceptance, team spirit, tolerance, equality etc) 

 

Security Needs (safety, comfort, protection, future planning etc) 

 

Physical Needs      (food, water, rest, sex , housing etc) 

 

Levels can also be described as: 

• To stay alive 

• To be secure 

• To belong 

• To “be somebody”, and  

• To develop potential 

 

Frederick Herzberg’s Theory: 

MAINTENANCE FACTORS 

 Physical 

 Social 

 Security 

 Status 

 Economic 

MOTIVATION FACTORS 

 Growth 

 Recognition 

 Achievement 

 Responsibility 

 

 

  



McGregor’s Theory: 

McGregor’s Theory X 
 

 Inherently lazy 

 Must be motivated by fear of punishment 

 Self- centered and indifferent to 
organizational needs 

 Avoid responsibility and seek security 

 Must be directed by external control 

 

McGregor’s Theory Y 
 

 Put in efforts in work naturally 

 Motivated by rewards of achievement 

 Can integrate their own needs with those of 
the organization  

 Learn to accept and also seek responsibility 

 Perform best through self-direction and self-
control 

 
 

BEHAVIOUR REINFORCEMENT THEORY 

 Behavior is influenced by its effects.  

 A “negative effect” leads to a low probability of behavior being repeated. 

 A “positive effect” leads to high probability of repetition. 

BASIC MOTIVATION GUIDELINE 1: 

• People try to satisfy their desires 
• Each Person’s behavior “makes sense” to him 
• He is doing what seems “right” at the moment to fulfill his needs or desire 

BASIC MOTIVATION GUIDELINE 2: 

EACH PERSON HAS CONFLICTING DESIRES 

SECURITY Vs EXCITEMENT 

REST   Vs ACTIVITY 

SECLUSION Vs SOCIABILITY 

EASE   Vs EXCELLENCE 

CONFORMITY Vs CREATIVITY 

 

PEOPLE WANT: 

• Do it the “fast” way 

• Do it the “easy” way 

• Do it “comfortably” (without the PPE) 

• Do it in “my own way”(independence) 

• Do it the “manly “way (group acceptance) 



BASIC MOTIVATION GUIDELINE 3: 

PEOPLE ARE ALIKE. 

BASIC MOTIVATION GUIDELINE 4: 

PEOPLE ARE DIFFERENT. 

BASIC MOTIVATION GUIDELINE 5: 

MOTIVATION IS NOT A PANACEA. 

 

SUBSTANDARD PERFORMANCE: 

MAJOR REASONS 

• Lack of aptitude or capacity 

• Lack of knowledge and/or skill 

• Improper feelings and attitudes 

MAJOR REMEDIES 

• Selection/placement /ergonomics 

• Training / education / communication 

• Enrichment / motivation / 
reinforcement 

 

ORGANISATIONAL NEEDS: 

SAFETY 

• RULES 

• REGULATIONS 

• REQUIREMENTS 

• RESTRICTIONS 

QUALITY 

• PROCEDURES 

• PRACTICES 

• INSPECTIONS 

• STANDARDS 

 
PRODUCTIVITY 

• SPECIALISATION 

• MECHANISATION 

• STANDARDISATION 

• AUTOMATION 
 

EFFECIENCY 

• COST CONTROL 

• DAMAGE CONTROL 

• WASTE CONTROL 

• VARIABLE CONTROL 

 

 

  



INDIVIDUAL’S NEEDS: 

RESPONSIBILITY 
• SELF-RELIANCE 
• CONFIDENCE 
• INDEPENDENT ACTION 
• CREATIVITY 
• INVOLVEMENT 

 

ACHIEVEMENT 
• PRIDE OF SKILL 
• CONTRIBUTION 
• FEEL WORTHWHILE 
• EXCELLENCE 
• GOAL ATTAINMENT 

 
RECOGNITION 

• REINFORCEMENT 
• PRESTIGE 
• VERIFICATION 

• FEEDBACK 

GROWTH 
• DEVELOPMENT 
• PROFESSIONAL GROWTH 
• ADVANCEMENT 

 
 

ROLE OF MANAGEMENT AND SUPERVISORS: 

• ENSURE A SAFE WORKPLACE 

• COMMUNICATE EFFECTIVELY 

• FOSTER COMMITMENT TOWARD SAFE   BEHAVIOR 

• BE A ROLE MODEL/LEADER OF SAFETY 

• MONITOR THE WORK ENVIRONMENT 

 

PRINCIPLES FOR MANAGING PEOPLE: 

❖ PRINCIPLE OF COMMUNICATION: Motivation to accomplish results tends to increase as 
people are informed about matters affecting those results 

❖ PRINCIPLE OF LINE LOSS: The effectiveness of a communication tends to vary inversely 
with its extension 

❖ PRINCIPLE OF APPLICATION: The more a communication is used and applied, the better it 
will be understood and remembered 

❖ PRINCIPLE OF EMOTIONAL APPEAL: Appeals to emotion tend to be communicated more 
readily than appeals to reason 

❖ PRINCIPLE OF RECIPROCATED INTEREST: People will tend to be motivated to 
accomplish the results you want to achieve, to the extent you show interest in the results they 
want to receive 

❖ PRINCIPLE OF PARTICIPATION: Motivation to accomplish results tends to increase as 
people are given opportunity to participate in the decisions affecting those results 

To make sure safety is no accident, make sure it's everyone's business, including all employees 

❖ PRINCIPLE OF RECOGNITION: Motivation to accomplish results tends to increase as people 
are given recognition for their contribution to those results 

 



EFFECTIVE SAFETY COMMUNICATION GUIDELINES: 

• Show a positive attitude toward work safety  

• Be open to employee input  

• Praise employees when they perform tasks safely  

• Do not over-supervise employees, or be unreasonable in work expectations 

• Allow competent employees  to work without feeling that they are under your constant inspection  

• Ensure that employees are aware of the location of telephones, posted emergency numbers, fire 
extinguishers, and contingency plans  

• Keep current on all new safety procedures, personal protective equipment, and machinery  

• Provide the proper protective equipment  

• Use written communication when necessary  

Ways to involve employees in the safety program: 

✓ Post your own policy on a safety board 

✓ Hold safety meetings and communicate this policy 

✓ Practice what you preach  

✓ Make clear assignments of responsibility 

✓ Ask your employees to get involved 

✓ Use your employees’ knowledge 

✓ Find your “true believers” 

✓ Involve management 

✓ Let the employees make safety decisions 

✓ Set up a safety committee 

✓ Design a Safety Newsletter  

✓ Provide positive feedback  

✓ Offer awards and incentives  

ALMOST ALL: 

WANT      -  TO DO A GOOD JOB 

LIKE         -  TO KNOW HOW THEY ARE DOING 

SEEK        -  RECOGNITION OF THEIR GOOD WORK 

NEED       -  TO KNOW THEIR WEAKER POINTS 

CAN          -   IMPROVE THEIR JOB PERFORMANCE 

 



Five Sources of Motivation: 

 Fun – Intrinsic Process 

 Rewards – Instrumental 

 Reputation – Self-concept- External 

 Challenge – Self-concept – Internal 

 Purpose – Goal Internalisation  

Five “Musts” of Motivation: 

For motivation and job satisfaction to be strong, each individual must: 

• Feel a sense of personal achievement in the jobs he is doing, and believes he is making a worth, while 
contribution to the project 

• Feel that the job itself is challenging, is demanding the best of the individual, is giving him 
responsibility that matches his capabilities  

• Receive adequate recognition for his contributions 

• Have control over those aspects of his job which have been delegated to him 

• Feel that he, as an individual, is developing, that he is advancing in experience and ability 

To provide the right climate and opportunities for these five “musts” to be met for each individual in the 
group is possibly the most difficult, the most challenging and rewarding of the Project Leader’s tasks. 

LOW COST MOTIVATIONS: 

• Write a letter of commendation. 

• Ask employees for advice/opinions. 

• Give verbal praise. 

• Pass along compliments you received from others. 

• Write an e-mail/memo to a superior and copy the employee. 

• Provide quick follow up on problems/hazards when recognized. 

• Post positive achievements on the safety bulletin board. 

• Say Thank You and mean it. 

• Safety Day. 

• Give out award plaques, trophies etc. 

• Safety T-Shirts. 

• Feature an employee of the month. 

• Certificates. 

• Recognize peers that have helped you. 

• Thank somebody that contributes ideas, regardless on whether you use it or not. 



• Always give others credit when due. 

• Create group awards to recognize teamwork. 

• Ask the employees how they want to be recognized. 

• Ask a superior to write a memo acknowledging an accomplishment for your employee. 

• Post complimentary letters on the safety bulletin board. 

• Send employees to special seminars and workshops that may interest them. 

 

The Frame Of Reference: 

Employee’s Perception     Most Motivating             Manager Perception 

         1         Interesting work      5 

      2            Appreciation      8 

      3     Being part of the team       10 

      4            Job Security      2 

      5           Good Wages      1 

Source:  “What Motivates Employees” by K. A. Kovach  

Behavior Modification and Reinforcement: 

 Knowledge                         

 Understanding 

 Empathy 

 Interaction 

 Problem solving 

 Patience 

 Perseverance 

KEY POINT GUIDES TO ON-THE-JOB COACHING: 

1. Define what is expected 

2. Aid performance opportunity 

3. Observe and appraise performance 

4. Discuss performance 

5. Take corrective measures 

6. Reinforce positive performance 

7. Emphasise goals, results and growth 



Noise pollution, also known as environmental noise or sound pollution, is the propagation of noise with 

very harmful impact on the activity of human or animal life. The source of outdoor noise worldwide is 

mainly caused by machines, transport, and propagation systems. Poor urban planning may give rise to 

noise disintegration or pollution, side-by-side industrial and residential buildings can result in noise 

pollution in the residential areas. Some of the main sources of noise in residential areas include loud 

music, transportation (traffic, rail, airplanes, etc.), lawn care maintenance, construction, electrical 

generators, explosions, and people. Documented problems associated with urban environment noise go 

back as far as ancient Rome.[3] Noise is measured in Decibel (dB). Noise pollution associated with 

household electricity generators is an emerging environmental degradation in many developing nations. 

The average noise level of 97.60 dB obtained exceeded the WHO value of 50 dB allowed for residential 

areas. Research suggests that noise pollution is the highest in low-income and racial minority 

neighborhoods. 

High noise levels can contribute to cardiovascular effects in humans and an increased incidence 

of coronary artery disease.In animals, noise can increase the risk of death by altering predator or prey 

detection and avoidance, interfere with reproduction and navigation, and contribute to permanent 

hearing loss.While the elderly may have cardiac problems due to noise, according to the World Health 

Organization, children are especially vulnerable to noise, and the effects that noise has on children may 

be permanent.Noise poses a serious threat to a child's physical and psychological health, and may 

negatively interfere with a child's learning and behavior. 

Health 

Noise pollution affects both health and behavior. Unwanted sound (noise) can damage physiological 

health. Noise pollution is associated with several health conditions, including cardiovascular 

disorders, hypertension, high stress levels, tinnitus, hearing loss, sleep disturbances, and other harmful 

and disturbing effects.According to a 2019 review of the existing literature, noise pollution was 

associated with faster cognitive decline. 

Across Europe, according to the European Environment Agency, an estimated 113 million people are 

affected by road traffic noise levels above 55 decibels, the threshold at which noise becomes harmful to 

human health by the WHO's definition 

Sound becomes unwanted when it either interferes with normal activities such as sleep or conversation, 

or disrupts or diminishes one's quality of life.[17] Noise-induced hearing loss can be caused by prolonged 

exposure to noise levels above 85 A-weighted decibels.[18] A comparison of Maaban tribesmen, who 

were insignificantly exposed to transportation or industrial noise, to a typical U.S. population showed 

that chronic exposure to moderately high levels of environmental noise contributes to hearing loss. 

Noise exposure in the workplace can also contribute to noise-induced hearing loss and other health 

issues. Occupational hearing loss is one of the most common work-related illnesses in the U.S. and 

worldwide. 



It is less clear how humans adapt to noise subjectively. Tolerance for noise is frequently independent of 

decibel levels. Murray Schafer's soundscape research was groundbreaking in this regard. In his work, he 

makes compelling arguments about how humans relate to noise on a subjective level, and how such 

subjectivity is conditioned by culture. Schafer also notes that sound is an expression of power, and as 

such, material culture (e.g., fast cars or Harley Davidson motorcycles with aftermarket pipes) tend to 

have louder engines not only for safety reasons, but for expressions of power by dominating the 

soundscape with a particular sound. Other key research in this area can be seen in Fong's comparative 

analysis of soundscape differences between Bangkok, Thailand and Los Angeles, California, US. Based on 

Schafer's research, Fong's study showed how soundscapes differ based on the level of urban 

development in the area. He found that cities in the periphery have different soundscapes than inner 

city areas. Fong's findings tie not only soundscape appreciation to subjective views of sound, but also 

demonstrates how different sounds of the soundscape are indicative of class differences in urban 

environments. 

Noise pollution can have negative affects on adults and children on the autistic spectrum. Those with 

Autism Spectrum Disorder (ASD) can have hyperacusis, which is an abnormal sensitivity to sound. People 

with ASD who experience hyperacusis may have unpleasant emotions, such as fear and anxiety, and 

uncomfortable physical sensations in noisy environments with loud sounds. This can cause individuals 

with ASD to avoid environments with noise pollution, which in turn can result in isolation and negatively 

affect their quality of life. Sudden explosive noises typical of high-performance car exhausts and car 

alarms are types of noise pollution that can affect people with ASD 

Noise Control 

The Hierarchy of Controls concept is often used to reduce noise in the environment or the workplace. 

Engineering noise controls can be used to reduce noise propagation and protect individuals from 

overexposure. When noise controls are not feasible or adequate, individuals can also take steps to 

protect themselves from the harmful effects of noise pollution. If people must be around loud sounds, 

they can protect their ears with hearing protection (e.g., ear plugs or ear muffs). In recent years, Buy 

Quiet programs and initiatives have arisen in an effort to combat occupational noise exposures. These 

programs promote the purchase of quieter tools and equipment and encourage manufacturers to 

design quieter equipment. 

Noise from roadways and other urban factors can be mitigated by urban planning and better design of 

roads. Roadway noise can be reduced by the use of noise barriers, limitation of vehicle speeds, 

alteration of roadway surface texture, limitation of heavy vehicles, use of traffic controls that smooth 

vehicle flow to reduce braking and acceleration, and tire design. An important factor in applying these 

strategies is a computer model for roadway noise, that is capable of addressing 

local topography, meteorology, traffic operations, and hypothetical mitigation. Costs of building-in 

mitigation can be modest, provided these solutions are sought in the planning stage of a roadway 

project. 

 



Aircraft noise can be reduced by using quieter jet engines. Altering flight paths and time of day runway 

has benefited residents near airports. 

Noise pollution is a major problem in India. The government of India has rules and regulations 

against firecrackers and loudspeakers, but enforcement is extremely lax. Awaaz Foundation is a non-

governmental organization in India working to control noise pollution from various sources through 

advocacy, public interest litigation, awareness, and educational campaigns since 2003. Despite increased 

enforcement and stringency of laws now being practised in urban areas, rural areas are still affected. 

The Supreme Court of India had banned playing of music on loudspeakers after 10pm. In 2015, The 

National Green Tribunal directed authorities in Delhi to ensure strict adherence to guidelines on noise 

pollution, saying noise is more than just a nuisance as it can produce serious psychological stress. 

However, implementation of the law continues to remain poor. 
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1 Introduction 

 

The transformer requires less care compared with other electrical equipment. The 

degree of maintenance and necessary inspection for its operation depends on its 

capacity, on the importance within electrical system, the place of installation within the 

system, on the weather conditions, and the general operating conditions. 

In this part of the manual the operating instructions and maintenance is supplied. Our 

intention is to provide the necessary assistance to the maintenance personnel to facilitate 

a periodic inspection of the transformer and to indicate the steps that they should follow 

to effect a more detailed examination of the active part in case that is required. 

 

 
ATTENTION: 

If this is going to be used as a spare transformer (in Stand-by), it will have to be 

preserved always in the best conditions. Therefore, its maintenance must be equal to the 

transformer in service; special care must be taken in monitoring the condition of the 

oil.The templates are intended to harmonize the visual impression of ABB Documentation 

throughout the organization, Common Look & Feel. To provide help for editors to adopt 

Visual Identity guidelines related to documentation presented to our customers. 

 

 

2 Maintenance and lines and bus bar inspection 

The maintenance and the inspection are a dangerous work; from there, beforehand a 

detailed program must be developed, placing special attention on the safety of the 

workers and of the equipment. 

When working with bus bar, lines, terminal, etc., the work can only begin after confirming 

that these parts are not receiving any power, verifying for this that the switches are in the 

open position, something which can be checked with a detector for circuits. The omission 

of these revisions, thinking erroneously that the circuits do not have voltage can cause 

serious accidents. 

 

 

3 Preventive maintenance program 

 

Write down the readings from the meters or gauges that are generally installed. These 

readings will be very useful. If the readings are very different from the ones obtained in 

normal conditions, it is necessary to perform a careful revision. 

In addition, pay close attention to any abnormal signs such as noise, color change or 

smells. 

• Transformer’s temperature 

The temperature of the transformer is directly related to the life span of the insulating 

materials; therefore, it is necessary to pay close attention. 



 

 

In the case of transformers built according to procedures ANSI, the maximum 

temperature permitted for oil is of 90°C and the maximum temperature of the hottest point 

is 110°C. 

• Inspection of oil volume 

The volume of the oil has to be verified from the point of view of the insulation and from 

the refrigeration. 

If the oil level fluctuates notoriously in relationship to the temperature, the cause must be 

determined for proper repair. 

• Noise 

In some instances some abnormal noise can be perceived, when you or the operators 

are being familiarized with the noise that the transformer produces during its normal 

operation, which can help to discover some defects. The following are the possible 

causes of abnormal noise: 

a) Resonance of the box and of the radiators due to abnormal changes in the frequency 

of the source of current, 

b) Defect in the adjustment mechanism of the cores, 

c) A defect in the central structure, (as loosening of the core) is possible that the 

tightening screws of the clamps have loosen up, 

d) Loosening of the grounding plates, and 

e) Abnormal noise by static discharge, due to lacking grounding plates or poor grounding. 

These noises can be detected from outside the tank, even though they will not be very 

loud. 

• Loosening of the fixing pieces and the valves 

When grounding terminals are found to be loose, de-energize the transformer and tighten 

them immediately. The screws of the foundations that are subject to large loads must be 

tighten firmly to avoid the displacement of the transformer. 

In some instances the valves are loosened due to vibrations, tight them again. 

• Oil leaks 

Oil leaks can be caused by the deterioration of some gaskets or they are in the wrong 

position; it takes some time to discover them, check carefully the valves and the gaskets. 

If there are any defects that could cause a leak, report it to ABB. 

 

 

4 Periodicity of the inspections 

 

The table 1 that appears below shows the frequency that the transformer must be 

checked. 



 

 

No Pieces to survey Periodicity Observations 

1 Thermometers once per year  

 
 

 
2 

 

 
Accessory with 

alarm contacts 

and/or shut off 

 
 

 
once per year 

Verify the 

operation 

conditions of the 

contacts and 

measure the 

insulation 

resistance of the 
circuit 

3 Cooling fans once per year 
If an anomaly is 

found 

4 Conservator 
once every five 

years 

 

 
 
 

5 

 
 

Insulation 

resistance of the 

winding 

 
 
 

once per year 

When a sharp 

change after years 

of use is noted or 

when a change in 

comparison with 

data registered in 
previous tests. 

 
6 

Measurement of 

the tan ∆ 
Once in three 

years 

 
just as the point 5. 

7 
Oil’s breakdown 

value. 
once per year 

 

8 
Value of acidity of 

the oil. 
once per year 

 

9 Test of the 

functioning of the 

oil. 

Check if there is 

any abnormality 

noted in the tests 
of items 5 to the 8. 

Take two liters of 

oil and check them 

according to 
ASTM D3487 

10 Filtered insulating 

oil 

Check if there is 

any abnormality 

noted in the tests 
of items 5 to the 8. 

 

11 Inside 
Components . 

once every seven 
years 

 

 
 

Table 1. Periodicity of the inspections 

 

 
5 Maintenance procedures for the insulating oil 

 

To maintain the transformer in perfect operating conditions, keep in mind the previous 

items, also about the routine operation and not forgetting to give the proper treatment 

when some change in the service conditions is noted. It is necessary also to de-energize 

the transformer regularly and conduct a meticulous inspection. 

With this routine and with regular inspection, the degree of deterioration will be 

minimized. Since a transformer is made of many parts, such as the insulating oil, the 

cooling equipment, etc. must be checked permanently. Oil in addition to serving as 

insulating means serves to transfer the heat generated in the windings and the core 



 

 

toward the walls of the tank and the radiators. Because of this, it is required that it 

complies with the following characteristics: 

• High dielectric breakdown 

• Low viscosity 

• Well refined and free of materials that they may corrode the metallic parts 

• Be free of moisture and polar ionic or colloidal contaminants 

• To have a low pour point 

• Low flash point. 

The manufacturing techniques for transformers and their reliability have been improved to 

such degree that the internal inspection is almost unnecessary; currently the 

maintenance is limited almost exclusively to the maintenance of the oil to prevent its 

deterioration: 

 
 Deterioration of the insulating oil 

 
 

The insulating oil deteriorates gradually with use. The causes are the absorption of the 

moisture from the air and foreign particles that get into the oil and start to cause 

oxidation. Oil is oxidized by the contact with the air and this process is accelerated by the 

increase in the temperature in the transformer and by the contact with metals such as 

copper, iron, etc. 

In addition, the oil suffers a series of chemical reactions such as the decomposition and 

the polymerization that produces particles that are not dissolved in oil and that are 

collected in the coil and windings. These particles are called sediments. The sediments 

do not affect directly the dielectric breakdown, but the deposits that are formed on the 

winding hinder its normal refrigeration. 

 
 Preventing the deterioration of the oil 

 
 

Due to the fact that the deterioration of the oil is caused generally by the oxidation, the 

method to prevent consists of reducing to a minimum possible its contact surface with the 

air. That is why a conservator tank is used. Moisture or humidity also accelerates the 

deterioration of the oil. To avoid this it must be used a dehydrating breather. The ideal 

method is the one that uses a nitrogen layer or a membrane on the surface of the oil to 

avoid that the oil be in direct contact with the air. 

Dielectric oil is active under certain light conditions, heat and heavy metal ions, to 

produce free radicals that cause self-oxidation. To avoid this phenomenon, use additives 

that stop any oxidation. 

 
 Evaluation of the deterioration of dielectric oil 

 
 

The methods to determine deterioration of dielectric oil are those that measure the 

degree of oxidation, the specific density, the superficial tension. In addition, it is common 



 

 

practice to measure the dielectric breakdown, it is recommended to make an objective 

analysis of all these methods. 

 

 

6 Maintenance and inspection of the bushings 

 
 Routine inspection 

 
 

• Excessive local heating: 

Pay attention to the clamping section of the terminals. It is convenient to paint this section 

with heat indicating paint. 

• Pollution: 

When there is much dust and salt, a clean up must be performed and to do so, the 

transformer must be place out of service and use water, ammonia or carbon tetrachloride. 

If they are very dirty, use concentrated hydrochloric acid diluted 40 or more times in 

water. 

The solution should not be in contact with any metallic part; after the cleaning the 

porcelain parts, these must be neutralized with water that contains sodium bicarbonate in 

a proportion of 30 grams by liter. As long as it uses a chemical solution, make sure of 

washing it after with fresh water, so that no strange elements are left. 

In systems in which will be difficult to stop the operation of the transformer for cleaning, or 

in zones where there are many damages by the dust or the salt, it is being using recently 

a washing method designated "of hot line". It is a method to wash the equipment without 

stopping its operation, and there are 2 or 3 forms of doing it. In any case, it must be 

verified the degree of dust and salt, the quality of the water to wash and the method of 

waterproofing when the cleaning is done. 

• Mechanical damages: 

Check if there are any damages or oil leaks in the bushings. 

 
 Regular inspection (Once every two years). 

 
 

• Evaluation of the deterioration of the insulation: 

The methods to detect the deterioration of the insulation are the measurement of the 

insulation resistance and tan ∆ 

The measurement of the insulation resistance in the bushings is not simple, since the 

bushing and the winding of the transformer should be independent; nevertheless, the 

measurement must be made the best way possible. 

The measurement of the tan ∆ is also difficult, since the bushings should be separated 

from the transformer in most cases. 

The evaluation of the result of the measurement should not depend solely on the 

absolute values obtained, but on the values obtained each year and from the variation 

among them. If there are large discrepancies in the values, special attention is necessary. 



 

 

When the insulation resistance is superior to 1000 MΩ at normal temperatures, it can be 

considered as good condition, but the value of the tan also must be taken into 

consideration for the evaluation. 

 
 Inspection due to excessive partial heatings 

 
 

The excessive heating of the terminals in most cases is due to loosening. If this condition 

is observed, eliminate the dust or dirt from the parts from contact and tighten firmly. 

 
 Local damages inspection (fissures) on the bushings 

 
 

The cleaning of the bushings must be done according to what was mentioned. If the 

damages are very serious it must be replaced with new ones. 

 
 Inspection for oil leaks 

 
 

Check the various pieces of the bushings to see if there is any oil leaks. If oil is leaking 

through the gasket, tighten it or replace it. If there are bushings of immersed in oil type 

and the oil leak is through other part of the bushing, report it to the manufacturer. 

 

 Storage 

Keep the bushings in a vertical position and in a dry place. It is recommended to keep 

them in their original packaging. 

 

 

7 Maintenance and inspection of the cooling equipment 

 

The cooling equipment is the most important part in the normal daily operation of a 

transformer. It is necessary a special care for its maintenance and inspection, since any 

abnormality can reduce the useful life of the transformer or cause serious defects. 

 
7.1 Self – cooling type radiator 

 
 

Check oil leaks from the upper-ends of the radiator and the welded parts of the panel or 

from the pipe. If there are any sediments accumulated in the radiators´ elements or in the 

pipe, the flow of oil is hindered and the temperature drops. For this reason, check by 

hand if these parts have the adequate temperature. If the radiators are detachable, check 

that the valves are open correctly. 

 

 

8 Maintenance and inspection of the thermometers 



 

 

It is important to check the temperature of the transformer in service, since this indicates 

the conditions of operation. The internal conditions and the normality of the interior, 

therefore, the indicators that measure the temperature should be checked and be 

maintained in good conditions, so that they indicate correctly the temperature. 

 
8.1 Dial type thermometer 

 
 

This is a form of pressure measuring device with a bulb that contains a special liquid or 

sealed gas. It is connected with a very fine pipe to move the needle by expansion and 

contraction of the fluid; it must be verified comparing it with a normal thermometer once 

per year or more often. 

Also, it must be checked carefully that it is free of rust in the inside, that water won’t get 

in, that the needle moves adequately and that the alarm contacts operate correctly. 

If the crystal is blurred by moisture that gets inside, remove the lid from the crystal and 

change the seal. 

After many years of use, the pipe of Bourdon wears out, the same as the sprocket and 

the support, leading to wrong readings; also the movable indicating parts may fall 

because of blows or vibrations. The guiding pipeline generally is double and the 

connection with the measuring device is separated or is broken easily. Therefore, it is 

necessary a careful handling of the dial type thermometer, if it is to be removed during 

the inspection of the transformer. 

Check that the alarm contacts have been made adequately. 

 

 
9 Maintenance and inspection of oil level gauge 

 

The gauge is placed outside the conservator and it is of simple construction; it shows the 

level of the oil directly, being able to see it from the outside. Pay attention to any oil leak 

that may be visible. 

When the crystal is dirty, you can wipe it off with a rag. 

The oil meter is resistant to damages and to inaccurate readings, compared with older 

models of oil level type L and type U. 

 
9.1 Oil level gauge dial type 

 
 

In this gauge, the revolving axle has on one end a floatation device that supports an arm 

connected to the gauge and on the other extreme a magnet to make to the rotor turn and 

to allow an upward and downward movement of the floatation device. When the level of 

the oil changes, this triggers the support arm that makes the magnet turn in the other 

extreme, and at the same time it triggers the rotor through the division wall that it is 

outside the gauge. The needle indicates the oil level. 

The gauge needs the same maintenance that any ordinary instrument; furthermore, as it 

comes with a metallic floating device. It requires close attention when there is an 



 

 

inaccurate reading due to any leakage of oil into the flotation device, or by vibrations, and 

above all, when it has been in used for a long time. 

 

 

10 Maintenance and inspection of the buchholz relay 

 

This relay is made to protect the oil immersed transformer against internal defects. It is 

attached to the connection pipe between the tank of the transformer and the conservator. 

The operation of the relay is divided into a first phase (minor defects) and a second 

phase (for severe defects); the first is used for the alarm, and the second for the shut 

down of the transformer. 

Its structure presents two flotation devices, one in the upper part and other in the lower 

part of a steel box (oil chamber) and they are fixed in such a way that each floatation 

device can turn, being their rotation center the support beam or axle. 

Each flotation device has a switch and the contacts are closed when the flotation device 

turns. If the organic structural materials of the transformer are burnt or produce a gas 

caused by a small flash over, this will remain in the internal upper part of the box. When 

the volume of the gas surpasses the fixed volume (approximately 150 to 250 cc) the 

flotation device of the first low phase and the contacts are closed, triggering off the alarm 

system. 

The lower floatation device that is for the second phase closes the contacts and sets off 

the alarm system, or turns off the circuit switch when an arch is originated in the interior of 

the transformer and gas and oil vapors are produced quickly, forcing the movement of the 

oil. Also, if the oil level drops below the permissible minimum level of the conservator, the 

alarm system goes off. 

On one side of the box of the Buchholz relay, there is an inspection window that allows to 

observe the volume and the color of the gas produced, and to extract samples to 

evaluate the cause and the degree of the failure. 

The modern Buchholz relay comes with micro-interrupter magnetic contacts. Also, today 

there is a whole array of relays with mercury contacts. 

The mercury contacts should be handled with extreme care, since they can be broken 

when there are vibrations. As a routine, examine for oil leaks and the gas production from 

the relay. If gas is found, take a sample and have it analyzed; also, verify the oil level in 

the conservator. 

Clean the crystal from the inspection window, check the interior and verify if the flotation 

device is moving freely, with the support arm as its rotation center to regular intervals. 

The relay can operate incorrectly when the float is submerged in oil, when the support 

shaft of the flotation device is left out from the joint or there is an oil leak. 

 

 

11 Maintenance and inspection of the overpressure valves 



 

 

The overpressure relief valve with contact alarm triggers the alarm when the needle of 

the switch moves. It is placed by making contact with the expansion plate; the 

adjustment spring and the contacts of the micro-switch are in relation with the elevator 

that is related at the same time with the interrupter’s needle. 

When there is an accident, the internal pressure increases and pushes the valve out, 

making the needle of the switch move, and then it pushes and bends the expansion plate. 

When the pressure reaches a certain limit, the expansion plate is broken and the 

pressure is released, closing (shutting off) the contacts of the micro-switch, that are in the 

step up that is related to the needle of the switch, and the alarm sounds. 

Verify there is no oil leak or air coming out from the device. 

 

 
12 Maintenance and inspection of the silica gel breathers 

 

These devices are made to eliminate any moisture and dust that enters the transformers, 

with the air flow resulting from the fluctuation in temperature of the oil from the 

transformer; it is placed between the air duct of the transformer and the atmosphere. 

It is formed by a deposit of a dehydrating agent and oil, as well as the attaching metal 

parts for its fixture. The gasket must be checked to see if it is secured, so it will not allow 

air from entering the transformer by any other space other than the vent hole. Also, check 

the oil level of the deposit is not below the pre-established level. 

If the dehydrating agent becomes impregnated with oil, it is because there is too much oil 

in the deposit, or because there is an internal failure which cause must be detected. 

Silicon gelatin is used as the dehydrating agent. 

Generally, it is dyed blue with cobalt chloride, and when the moisture absorption reaches 

a 30 or 40 %, the color changes from blue to pink. In this case, the silicon gelatin must be 

replaced or dried before reusing it. To regenerate the silicon gelatin, place the silicon 

gelatin in a bucket or in a clean pot and shake it while it is heated up at a temperature of 

100 to 140 °C. Continue heating it until the color changes from rose to blue, or spread 

the wet silicon gelatin in a container, such as a filter box for 4 or 5 hours, maintaining the 

temperature between 100 and 140 °C. 

 

 

13 Maintenance and inspection of gaskets 

 

 
 Installation of gaskets 

 
 

When using a gasket follow the instructions supplied by the manufacturer, but in case 

that are not supplied, the following instructions can be followed for general cases. For the 

gaskets on the curbed surface of the common transformer, cork or nitrile is used, even 

though the cork no longer is employed. For some unions, special lead or asbestos 

gaskets or O rings are used; if the type of gasket is indicated, it must be used following 

the instructions. 



 

 

 Methods of joining or connecting gaskets 

 
 

It is better to use the gasket without a joint, but this can not be avoided when the gasket 

is too large. There are round gaskets, square, rectangular and oval-shaped, but in any 

case try to join the gaskets by using a flat portion of the gasket. The part that overlaps 

must measure more than 50 mm and must apply an adhesive to the union. 

When using an element or a component to seal, make sure of selecting the material 

adapted for the gasket; apply a thin layer and let it dry with air and then place the gasket. 

 
 Work instructions 

 
 

To remove corrosion, nitrile, oil or the grease, use a wire brush, thinner and alcohol. 

Apply the adhesive only to the side of the gasket and use only the necessary amount to 

attach it to its place. 

If the gas or oil leak is not stopped after correct adjustment, the gasket will have to be 

replaced with a new one. 

A gasket with low elasticity such as lead type must always be changed with a new. Do 

not use the old one again. 

 

 

14 How to detect a leak? 

 

When the leak is below the oil level, wash first with thinner or alcohol the affected part, 

and once the dust or the cement has been eliminated, the place where the leak is 

located, it will appear clearly as a black stain. 

When the leak is above the oil level, load the nitrogen gas to an appropriate pressure 

(approximately 0.3 to 0.4 Kg/cm_), place a soapy solution on the suspected part of the 

gasket. If there is a leak, bubbles will be formed. Be careful not to permit the operation of 

the pressure exhaust pipe during this operation. 

 

 
• Treatment of tank leaks. 

 

 
If the leak is on the tank that contains oil, must be repaired by welding, make sure that 

the heat from the welding is not going to produce an explosive gas mixture. (There is no 

need to take any cautionary steps in the case of nonflammable oil). 

If the leak is some 70-mm or more above the oil level and if the thickness of the wall of 

the tank is greater than 6 mm, there will not be danger of combustion, since the oil will 

cool the heat of the welding. 

If the part of the leak is above the oil level, place nitrogen gas in the interior of the tank to 

prevent a fire. 



 

 

If the thickness of the wall of the tank is less than 4.5 mm, place a metal piece on top of 

the part of the leak and weld it. It is better if there is no oil in the place of the repair. 

The simplest way of repairing a small leak orifice is to caulk it carefully with a chisel. 

Do not cover the small orifice of the leak with caulk or with painting, since it will not last 

for long. 

Do not repair a leak orifice on the steel tank by welding or caulking it. The part of the steel 

box will have to be replaced. When it is not possible to puncture a hole in the place of the 

leak, tap and introduce a stopper impregnated in shellac or other component. 

If a leak is found on an important piece of the equipment, consult with the manufacturer 

the adequate steps to take. 

 

 

15 Failures and countermeasures 

 

 
 Causes of the failure 

 
 

To track the cause of the failure is the first step to formulate its solution. The origin of the 

defects is not simple. Generally, it is the combination of many factors that can be 

classified in the following way: 

 

 
• Imperfection on the specifications 

- Mistake in the selection of the type of insulation. 

- Not appropriate capacity. 

- Lack of attention to the conditions in the place of installation (dampness, 

temperature, dangerous gases, etc) 

 

 
• Imperfection on the facilities 

- Wrong installation. 

- Wrong capacity and protection range of lightning rods 

- Switch and relay for protection is wrong. 

 

 
• Imperfections on the operation and maintenance of the equipment 

- External conducting parts loose and heating up of the same. 

- Deterioration of the insulating oil 

- Excessive load or mistakes in the connection of the cables. 

- Mistake in the operation, and carelessness in the arrangement of the protection 

circuits. 



 

 

- Insufficient inspection of the gaskets and valves. 

- Poor maintenance of the accessories. 

• Abnormal voltage 

• Normal wear and tear 

• Natural disasters 

 
 Types of failures 

 
 

The failures produced by the causes mentioned above, create secondary failures and of 

a third type, hindering their tracking. However, the operating conditions in the moment of 

the failure, the inspection records of the relays of protection of the various parts, as well 

as the maintenance and the regular inspection, will help to detect the cause in many 

occasions. 

The defects of a transformer can be classified in the following way: 

 

 
• Internal failures of the transformer: in core and coil 

- Dielectric interruption 

- Rupture and twist of the winding 

- Mistake on the grounding 

- Open connection of tap changer 

- Insulating oil 

• External defects of the transformer: In the tank 

- Due to oil leaks in the gasket, valve, or weld cord 

- Due to the bushings of the breathers, over pressure valve, thermometers, oil level 

gauge, etc. 

- Defects on the forced cooling fans, Buchholz Relay, exit of the current transformers 

of the bushings, etc. 

 
 Discovery of the failures 

 
 

It is unnecessary to say that the sooner a failure is detected, the better for the 

transformer, and it requires a careful and detailed maintenance and inspection; there are 

procedures made for the regular inspection and of routine. By means of this inspection a 

failure can be detected before it becomes serious, and reduce any damage in whatever 

possible. Some defects are caused by reasons beyond human control. Such as: 

 

 
• Sudden failures 



 

 

Most of the dielectric interruptions occur suddenly, especially due to lightning or to an 

abnormal tension, causing a direct failure. 

Excessive current by an external short circuit or by a mechanical hit also happen 

suddenly. Disturbances by earthquakes and fires can accidentally damage the 

transformer. 

 

 
• Defects that develop slowly 

 

 
Sudden defects are related generally to totally external or foreign factors to the 

transformer of such form that it is outside of our scope the power to foresee them and to 

prepare us to face these. 

The objective of our maintenance and inspection is to discover the defects that occur and 

that may develop slowly. These defects are the following: 

 

 
-Deformation of the insulation materials and of the windings, due to mechanical blows 

caused by an external short circuit. The transformer generally is designed and is 

manufactured to resist the heat and the mechanical blows. However, if it is exposed to 

frequent and intensive mechanical blows, even a small deformation can be converted into 

a serious internal defect. 

 

 
- Insulation of the core. There can be poor insulation between the sheets of the core, 

between the tightening screw of the core and the insulation pipe, etc. The poor insulation 

cause a short circuit in the magnetic flow, producing a constant short circuit current flow 

in this place and generating excessive heating up which can lead to serious defects. 

 

 
- Poor insulation due to a harsh operational condition such as excessive load. According 

to what was mentioned in the instruction manual, the insulation of the transformer 

deteriorates by the increase in the temperature and this deterioration over the years 

worsens and is converted into a serious failure when the transformer suffers an excessive 

load. 

 

 
-Deterioration of the insulation materials such as oil, bushings, etc. due to moisture 

absorption, to oxidation and to formation of a partial discharge, etc. 

 

 
-Deterioration of the external insulation of the transformer due to wind, snow, salt and 

dust. This can be prevented with the correct inspection and maintenance. 

 

 
-Defects in the accessories, oil leak, gas leak, etc. 



 

 

 Internal defects of the transformer 

 
 

a) Defects in the winding 

 

 
-Short circuits 

 

 
There are short circuits between the turns, between the phases and between the 

windings. Most short circuits failures are caused by abnormal tensions on the surge 

arresters and others because of the deterioration of the insulation oil and to the 

penetration of rain. Also, some short circuits are caused by the deterioration because of 

heat, caused by an electromagnetic mechanical force or by an abnormal excessive load. 

Generally, as secondary effect, internal short circuits cause serious deformations to the 

windings. 

 

 
-Breakage of the terminals of the winding 

 

 
The terminals of the spooled suffer damages by an excess of current (external short 

circuit, etc) or by a lighting strike. Also, the short circuit accidents of the system that 

accumulate, cause damages on the supports of the windings, by their repetitive 

mechanical destructive force, that finally break the terminals. 

 

 
- Short circuit to ground. 

 

 
The impulse voltage or the deterioration of the insulation can cause a short circuit to the 

grounding of the winding or of its terminal to the core or to the tank. 

The mentioned defects can be detected easily through an external diagnosis or an 

electrical monitoring. 

 

 
b) Defects in the core 

 

 
There are defects due to poor insulation of the tightening screws of the core, or an oil- 

cooling duct obstructed, that cause excessive heating of the core. The defects on the 

core develop slowly. The insulation and the poor grounding contact already mentioned, 

cause a partial short circuit current, a deterioration of the oil of the insulation materials in 

their surroundings, which gradually are converted into serious failures. 

A poor or loose tightening between the core and the clamps of the windings can cause 

damaging vibrations. 



 

 How to detect internal failures? 

 
 

Use the different relays that the transformer has to detect and be protected of failures. 

Next you can find which parts are used to protect the transformer from internal failures: 

 

- Those devices that are attached directly to the transformer, and detect failures 

mechanically: Buchholz Relay, pressure rise relay, pressure relief device. 

 

 
- Those devices that are indirectly joined to the control cabinet which detect failures 

electrically: Differential Relay, overcurrent relay, ground current relay. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



On Site & Off Site Emergency Plan 

-P.K.Banerjee 

On Site Emergency Plan 

❖ The Manufacture, Storage And Import Of Hazardous Chemical Rules, 1989 require onsite and 

offsite emergency arrangement to be made for certain potentially hazardous industrial activities 

using hazardous chemicals. 

❖ Although duties are laid on different authorities for emergency planning within or outside the 

factory premises, such plans should dovetail and be complementary parts of a single plan which 

will respond as necessary to incidents on the site. 

❖ Section 41B (4) of the Amended Factories Act 1987 has provision for formulation of on-site 

emergency plan for the occupier of a hazardous factory. 

❖ As a first step in preparing an emergency plan, manufacturers should carry out an assessment of 

the activities at their premises to ensure all that is reasonably practicable has been done to 

eliminate the hazards completely or partially. The steps in this respect are: 

➢ To ensure that the plant and storage vessels are designed and installed to a good standard. The 

location and position of equipment, machinery, control panel etc. should be such where hazards 

are unlikely to arise from other plants, materials and buildings. 

➢ To ensure that the proper maintenance work is carried out and there is no deviation in 

maintaining the parameters e.g. pressure, temperature. 

➢ To assess what could still happen in spite of making the plant and operations as safe as is 

reasonably practicable. 

➢ To assess what hazards could arise to people on the site and outside the site boundary as a 

result of the foreseeable emergencies and their effects on the environment. Accordingly the 

combined resources of the organization and the public emergency services should be assessed 

and compared against actual availability.  

 

Objectives of the Emergency Plan: 

❖ Contain and control incidents. 

❖ Safeguard employees and anyone nearby who might be affected. 

❖ To minimize damage to property or the environment. 

 

Effective Emergency Plans require: 

❖ Close co operation among manufacturers, local authority and the emergency services with 

contribution from different enforcing agencies, hospitals and other organizations. 

❖ The range of incidents which may occur and turn into an accident in the form of fire, explosion 

or toxic release affecting factory personnel or outside public, is very large. 



❖ The minor one, if properly detected and promptly dealt with, will have virtually no effect. If 

allowed to grow, an incident may have serious consequences. 

❖ A wide range of events is required to be considered in an emergency plan. Some are: 

▪ Release of toxic or corrosive materials 

▪ Spillage of toxic substances 

▪ Runaway exothermic reactions 

▪ Dust explosions 

▪ Fire 

▪  unconfined vapor cloud explosion 

❖ All the events identified should be considered for preparing the on-site emergency plan. 

❖ Those events which are capable of giving rise to consequences outside the factory should be 

identified for preparing offsite emergency plan. 

 

Hazardous Events: 

❖ Release of Flammable Substances: 

 

 There may be fire or explosion or both. The outcome depends on the nature of the material 

(solid, liquid or gas) and when it is ignited. If a release of a volatile substance is not ignited 

immediately, it may form a cloud which may disperse over large distance. As it disperses, it will 

be diluted with air, the concentration may fall below the lower flammable limit and the gas will 

no longer present a fire hazard. 

 The distance over which such a release may disperse depends on the type of the release and the 

prevailing weather conditions. If the cloud is ignited, it may burn as a flash fire.  

 Events with a low probability of occurrence but severe consequences should also be considered. 

These may include vapor cloud explosion, fire ball etc. The following examples show how events 

involving flammable substances may need different planned responses: 

 A major fire but with no danger of an explosion e.g. fire in an oil storage tank. The hazards would 

be high levels of thermal radiations for a long time. There shall also be smoke. It is unlikely that 

anybody outside the factory premises will be affected immediately. Only houses close to and 

directly exposed to severe thermal radiation would require to be evacuated. In some cases it 

might be desirable to evacuate those areas severely affected by smoke. 

 A fire threatening a major item of plant or a storage tank containing flammable substance. The 

consequences might be a disaster. Response to such an emergency are: 

➢ Forming a water curtain. 

➢ Cooling of the threatened tank/equipment. 

➢ Emptying of tank. 

➢ Evacuation etc. 



➢ If development of fir is too quick, the best possible response might be to advise the 

people to remain indoor away from window. 

 If  no warning is allowed by the incident, it may not be possible to take prior emergency action. 

In that case only post emergency action like rescue, extinguishing the secondary fore, treatment 

of the injured etc. are required to be taken. 

❖ Toxic Release: 

 The consequences of toxic releases are more difficult to predict than those of flammable releases 

because they are more time dependent and variable according to distance and weather 

conditions. It may be noted that: 

➢ Gas concentrations indoors are less than those outdoors, unless the exposure is 

prolonged. 

➢ Any upward draught may cause the gas cloud to dissipate rapidly, especially if the 

release occurs during a fire. 

 

❖ The following examples of toxic releases and their emergency response procedures may help the 

emergency plans: 

➢ A slow or intermittent release e.g. through a leaky safety release valve. If there are reasons to 

foresee that the release would not be controlled quickly or would grow with time, it is desirable 

to evacuate those people nearest to the site of release. 

➢ A fire that threatens an installation containing toxic material. If the fire could not be controlled, 

evacuation may be appropriate. 

➢ Rapid event with a limited duration – any toxic cloud formed would be limited in size. The best 

place for the people would be indoor and upstairs of a building with doors and windows closed. 

 

❖ On Site emergency plan – 

➢ Should be based on specific needs of each particular site. 

➢ Requirement will vary according to circumstances and will take account of : 

 The size of the factory. 

 The nature of the hazardous processes and substances handled. 

 Number of people working at a time. 

 Resource availability. 

 Site location etc. 

➢ Nominated key personnel should be given specific responsibilities in emergency procedures to 

make the best use of the resources available and to avoid confusion. The two principal key 

persons are: 

❖ The Works Incident Controller (WIC) 

❖ The Works Main Controller (WMC) 

 

 The Works Incident Controller’s (WIC) Primary Task to take charge at the scene of the incident. 

Since in the initial stages of an emergency, WIC may be called on to take decisions involving 

plant operations it is necessary that the WIC has thorough knowledge of the plants. Round the 

clock cover must be achieved. 

 The WMC has overall responsibility for directing operations from emergency control centre. 

 Beside WIC and WMC there shall be other key personnel to advise and help WMC. 

 A task force of essential workers should also be available to undertake emergency work such as 

shutting down the plant safely, fire fighting, emergency isolation of equipment, emergency 

repair work etc. 



Responsibilities of the Works Incident Controller: 

Immediately he is aware of the emergency and its location, the WIC will proceed to the scene. On arrival 

he will: 

➢ Assess the scale of the emergency and decide if a major emergency exists or is likely. On his decision, he 

will activate the major emergency procedure. 

➢ Direct all operations within the affected area with the following priorities: 

 Secure the safety of the personnel. 

 Minimize damage to the plant, property and the environment. 

 Minimize loss of material. 

➢ Direct rescue and fire fighting or toxic gas control until the arrival of the outside Fire Brigade, when he 

will relinquish control to the senior officer of the brigade. 

➢ Ensure that the affected area is searched for casualties. 

➢ Ensure that all non-residential workers in the affected area evacuate to the appropriate assembly point 

➢ Pending the arrival of the WMC, assume the duties of the post and in particular: 

 Direct the shutting down and evacuation of plant and areas likely to be affected. 

 Ensure that the outside emergency services have been called in (for major emergency or for any 

emergency in high risk areas). 

➢ Report all significant development to the WMC. 

➢ Provide advice and information as required to the Senior Officer of the Fire Brigade. 

➢ Preserve evidence that would facilitate any subsequent inquiry into the causes and circumstances of the 

emergency.  

 

 

 

❖ Responsibilities of Works Main Controller: 

Immediately he is aware of the emergency the WMC will proceed to the Emergency Control Centre. 

Before that he should meet the WIC and get the information about emergency. On arrival he will: 

 

➢ Relieve the WIC of responsibilities for over all main control. 

➢ On declaration of a major emergency, ensure that the outside emergency services are called in and 

where required that nearby factories are informed for mutual aid and for taking precautionary 

measures for those factories against toxic gases, fire, explosion etc. 

➢ Ensure that the key personnel are called in. 

➢ Exercise direct operational control of those parts of the works outside the affected area. 

➢ Maintain a speculative continuous review of possible developments and assess these to determine most 

probable course of events. 

➢ Inform police and nearby railway stations to hold up the traffic in case of proximity of railways and 

roadways particularly for release of toxic gases. 

➢ Ensure that casualties are receiving adequate attention. Arrange for additional help, if required. Ensure 

that relatives of the casualties have been informed. 

➢ Direct the shutting down and evacuation of plants in consultation with the WIC and Key Personnel 

➢ Liaise with Chief Officers of the Fire and Police Services, with the Health and Safety Authorities and with 

Emergency Planning Officer. 

➢ Ensure the accounting for personnel. 

➢ Control traffic movement within the works. 

➢ Arrange for a chronological record of the emergency to be maintained. 



➢ Where the emergency is prolonged, arrange for the relief of personnel and the provision of catering 

facilities. 

➢ In the case of prolonged emergencies – involving risk to outside areas by wind blown materials contact 

the local Metrological office to receive early notification of impending changes in weather conditions. 

➢ Issue authorized statements to the news media. Where appropriate, inform Head Office. 

➢ Ensure that proper consideration is given to the preservations of evidence. 

➢ Control rehabilitation of affected areas, on cessation of the emergency. 

➢ During Emergency WIC and WMC should wear distinctive garments or helmet so that they are readily 

recognized. 

 

 

 

❖ Emergency Control Centre: 

➢ The Emergency Control Centre is the place from where the operations to handle the emergency are 

directed and coordinated. It will be attended by the WMC, Key Personnel, the Senior Officers of the Fire 

and Police Services and other Authorities. 

➢ Each Emergency Control Centre should contain: 

• An adequate number of external and internal telephones 

• A plan or plans of the works to illustrate:  

• Areas where there are large inventories of hazardous materials e.g.. Tanks, reactors, drum 

storage. Places where numbers of compressed gas cylinders are stored should be indicated. 

• Location of radioactive sources. 

• Sources of safety equipment. 

• Fire water system and alternative sources of water. 

• Stock of other fire extinguishing media. 

• Works entrances and road system, updated at the time of emergency to indicate any road 

which is impassable, assembly points, casualty treatment centers etc. 

• Location of the works in relation to surrounding community.  

• Additional copies of work plans which may be illustrated during the emergency showing: 

▪ Areas affected or endangered. 

▪ Deployment of emergency vehicles and personnel. 

▪ Areas where particular problems arise e.g.. Fractured pipelines. 

▪ Area evacuated. 

▪ Other relevant information (it is helpful if these plans can be covered with plastic or glass 

sheets on which felt pen markings can be made and erased as required). 

• Note pads, pens, pencils to record messages received and any instructions for delivery by runner. 

• Nominal roll of employees. 

• List of Key Personnel, addresses and telephone numbers. 

 

  



List of Outside Emergency Services: 
 

NAME OF ORGANIZATION ADDRESS TELEPHONE NUMBER 

1)Fire Services   

2)Police Station   

3)Hospitals/Medical Centers   

4)District Magistrate Emergency 

Planning Officer 

  

5)Local Municipal Authorities   

6)Area Factory Inspectorate   

7)Water Supply Authorities   

8)Telephone Authorities   

9)Electricity Authorities   

10)Civil Defense Authorities   

11)Pollution Control Authorities   

12)Explosive Authorities   

 

  



Off Site Emergency Plan for Disaster Management 

 

Definition of a Disaster: 

A major incident concentrated in time and space resulting in serious loss of life, property and damage to 

environment.  

❖ Types of Disaster: 

➢ Natural: 

 Earthquakes 

 Floods 

 Cyclones 

 Tidal Waves 

➢ Man Made (Industrial): 

 Fire or explosions 

 Release of toxic gases 

 Spillage of hazardous materials during transportation 

 

❖ Aims of Disaster Control: 

➢ The objective of an emergency plan is to intercept a developing disaster as quickly as possible so 

as to minimize its scale and consequences in terms of life and property 

➢ A Disaster Management Plan is pressed into service after the terminal event has occurred and is 

oriented primarily towards salvage, rescue and relief 

➢ To achieve these aims, we have to 

• Enforce stringent regulations in dealing with hazardous substances 

• Decrease the potential levels of risk 

• Prevent development of a chain of disastrous events 

• Locate and limit the scope of the disaster 

• Chart the rescue and salvage operation 

 

❖ Actions to Control Industrial Disaster Before They Occur: 

➢ Detailed appraisal of each unit of process/storage hazards 

➢ To take following safeguards as indicated by appraisal:  

• Constant monitoring of essential parameters to detect malfunctions 

• Fail safe systems 

• Warning system 

• Medical and rescue facilities 

➢ Preparation of inventory of all factories handling hazardous substances 

➢ Strict enforcement of statutory provisions and update research in antidotes 

➢ Development of mutual – aid schemes and communications  

 

❖ Setting Up the Disaster Plan: 

 

➢ The Chief Executive of the local authority may appoint an Emergency Planning Officer (EPO) to 

mastermind the plans and to do cooperative planning with the emergency services (fire, police, 

ambulance etc.). 



➢ Each authority should be aware of all major hazard works within its area. Authorities should 

ascertain that this information is correct by making enquiries at the Factory Inspectorate and 

employers or manufacturers. 

➢ Some authorities may have prepared emergency plans to deal with natural and other disasters. 

The arrangement of these plans is  necessarily very general but it does provide a framework 

within which many EPOs may incorporate individual off-site emergency plans for major hazard 

works.  

➢ This enables the utilization of existing organizational arrangements with emergency services and 

voluntary organizations. 

➢ During the early stage of preparing an off-site emergency plan, following points should be taken 

into consideration: 

• It may well be that in some authorities’ plan, the off-site emergency plans relating to 

particular sites will form part of the overall disaster plan covering all types of emergencies. 

It is therefore essential that the site plan be readily identifiable and in a self-contained 

manner. 

• Authorities should be satisfied that the information given by employers or manufacturers is 

sufficiently detailed to enable the emergency services to comprehend the dangers and 

arrange for adequate personal protection and emergency equipment. 

• There should be full liaison between all the parties involved, especially between employers 

or manufacturers, key emergency services and EPOs. 

• The plan should clearly set out a command structure and identify the respective roles of the 

senior personnel involved so that it is decided before an emergency, who does what, who 

advises whom and who relates to whom. 

➢ All appropriate emergency services and other organizations who might become involved should 

have either been included or identified in readiness for call, example: 

 Fire authorities, water authorities, health authorities 

 Ambulance service 

 Electricity authorities, gas authorities 

 Government departments and agencies 

 Police 

 Railways, local transport agencies 

 Post authorities 

 Social Services 

➢ The plan should however, include, inter alia, all the aspects in the following table: 

 Organization – Details of : Command Structure, coordination arrangements, details of key 

personnel, warning systems, implementation procedures, emergency control centers. 

 Communications – Identification of Key Personnel Communication Centre, call signs, network, 

lists of key telephone numbers. 

 Specified Emergency Equipment – Details of availability and location of – heavy lifting gear, 

bulldozers, specified fire fighting equipment, fire boats. 



  

 Specialized Knowledge – Details of specialized bodies, firms and persons upon whom it may be 

necessary to call eg. Persons or firms with specialized chemical knowledge, laboratories. 

 Voluntary Organizations – Details of Key Personnel, telephone numbers, resources etc. 

 Chemical Information – Details of the hazardous substances stored or processed on each site 

and summary of the risks associated with them. 

 Metrological Information – Arrangements for obtaining details of weather conditions prevailing 

at the time and for weather forecasts. 

 Humanitarian Arrangements – Train, Transport, Evacuation Centers, Emergency feeding, 

Treatment of injured-first-aid-ambulances, temporary mortuaries. 

 Public Information – Arrangements for giving Information: Dealing with the media-press office, 

information to relatives etc. 

 Assessment – Arrangement for collecting information on the cause of the emergency - 

appointment of a ‘historian’. Arrangements for renewing the efficiency and effectiveness of all 

aspects of the emergency plan. 

 De contamination squad to begin de contamination of affected inventories and surface water in 

the vicinity, which are meant for public consumption. 

 Each group will have to shoulder a specific responsibility and since the entire operation is inter-

active, each group must know forehand what other group are doing or are expected to do and 

provide backup assistance whenever any one group is severely strained in coping with the 

situation. 

 Quite clearly if these groups are to work effectively as a coherent team, they will have to have 

briefing sessions together about the hazards they are going to combat and their individual roles. 

 

❖ Special Precautions by Firemen: 

 

➢ Firemen are used to deploy frequently water and foam for fighting fire. Some chemicals are dangerously 

reactive when they come in contact with water and can very rapidly convert an emergency into an 

uncontrollable disaster 

 For example spraying water over a large spill of oleum or concentrated sulphuric acid will 

generate excessive heat of reaction/ heat of dilution and emission of acid fumes due to such 

generation of heat aggravate the emergency manifold. 

➢ Spraying water over certain chemicals already at elevated temperatures can liberate flammable gas 

leading to secondary fire and explosion of devastating proportion. 

 Carbides, sodium and alkali metal hydrides are examples of such chemicals 

➢ Industry specific hazard emergency cards which the district emergency centres will have and the team 

will carry with them to site of hazard must contain such vital information for firemen and team leader 

  



❖ Personal Protective Equipment: 

 

➢ Most, if not all, members of the service teams are likely to work INSIDE the affected area for 

considerable time doing their respective task. 

 

➢ It is therefore important to remember that each and every member of the team including drivers of the 

vehicles must carry suitable gas masks, acid/fire suits etc BEFORE they leave their stations. 

 

 

❖ Communication to Public: 

 

➢ Off Site Emergency Plan aims primarily to protect life and property of public outside the factory 

boundary where the hazard emanates. Therefore it is very important that the plan receives full and 

orderly cooperation from the community in the vicinity of the hazardous industry in the event of an 

emergency. Otherwise the emergency plan is likely to fall. 

➢ The onsite and offsite emergency plans should contain material safety data sheet for each hazardous 

substance including first aid procedures, antidotes, personal protective equipment etc. 

➢ The onsite and offsite emergency plans should speak conspicuously of the type of siren or warning 

system, public address system, emergency in-house facilities like self contained breathers, fire fighting 

suits, ambulances etc. Rehearsals of emergency plans should be done regularly to rectify the 

shortcomings. 
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ORGANISATIONAL SAFETY CULTURE 

 

 

INTRODUCTION 

 

Human beings are motivated by positive and negative forces; by rewards and punishments when it 

comes to safety there is no compromise. Although employees still need to be motivated, the 

motivation for safe behavior ultimately needs to be self generated, arising from the commitment of 

each employee to remain safe. 

 

It is increasingly believed that the reason behind any safety aberration in an industry is rooted in 

the existing safety culture and the safety climate of the organization. International Nuclear Safety 

Advisory Group of International Atomic Energy reviewed the cause of accident at Chernobyl in 

USSR in 1986.The Group highlighted significance of safety culture in the adherence of safety 

procedure. The phrase ‘Safety Culture” owes its origin to Chernibyl-4 report of the International 

Atomic Energy. 
  

Safety culture connotes that aspect of the work culture or organizational culture that are pertinent 

to safety. Experience in community or in industry has time and again proved that sustainable safety 

practices can be achieved through encouraging people’s participation to cultivate inner will to 

adopt safety practices rather than merely enforcing it. Considerable amount of effort and time need 

to be invested, as well as patience, commitment and strategic behavioral planning are required to 

bring in sustainable change in safety and health related behavior of employees. Unfortunately, to 

avoid such investment in the area of safety and health, majority of the organizations opts for much 

easier approach to enforce safety rules and regulations. Creating a positive safety culture in a work 

organization is a prudent managerial approach to ensure sustainable safety practices adhered by 

employees. 
 

WHAT IS CULTURE? 

 

It is important to understand what is meant by culture. Culture has been defined in various ways 

from different perspectives. It would be interesting to acquaint ourselves with a view before we opt 

for definition that easily comprehensible to understand culture in the context of organizations 

where we work. 

 

According to Taylor, “Culture is that complex whole which includes knowledge, belief, art, 

morals, law, custom and any other capabilities and habits acquired by man as a member of the 

society”. 

 

Hofstede viewed culture,  “ as the values and beliefs, which provide people a programmed way of 

seeing that is common to many people”. 

 

Pheysey integrates most of the above to define organizational culture as one that  “includes 

commonly held values, common beliefs and attitudes”. It prescribes,  “ the way it is around here, 

the way we do things; what we allow, permit and tolerate, how we deal with each other and solve 

problems. It refers to the whole way of life in which people grow up and operate”. 

 

In short in any organization, the behavior of people follows more or less a predetermined pattern of 

behaving which is programmed, over a long period of time by the commonly held experiences or 

anecdotes, beliefs, attitudes and values. 
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This is more or less predetermined pattern of behaving or doing things, gets reflected in all 

business action be it achieving production or service goals. 

 

CULTURE AND ORGANISATIONAL SYSTEM 

 

Simon Open System (SOS) Model proposed by Simon and Simon (1995) is designed to facilitate 

understanding of the organizational dynamics. Simon’s open system framework is diagnostic and 

action planning framework to improve safety, health and environment performance. The model 

contains six components: 

 

a. Environmental demands. 

b. Input. 

c. Transformational process. 

d. Output 

e. Feed back loop. 

f. Culture. 

 

Environmental Demands: 

 

There are two categories of environmental demands. External demands emanate from outside the 

organization, which includes customers, stakeholders, competitors, market trend, government 

regulations, calamities, socio-political situation, community pressures etc. Internal environment 

include the expectations of employees, level of trust, existing organizational climate. 

 

Input: 

 

It includes all resources namely men, material, information, energy as well as the business 

strategies need to produce goods or services. 

 

Transformational process: 

 

The process through which input is converted into outputs called the transformational process. The 

transformational process has two components culture and organizational process. The core of the 

transformational process is the culture comprising of values, rituals, symbols, stories and myths, 

leadership, organizational mission and vision, organizational goals, norms and assumptions. 

Surrounding the core are the organizational influences, which include structure technology, rewards, 

measurement, system and social process. 

 

There are two important and distinct components of culture. The surface structure or outer layer of the 

culture consists of observable behaviors and recognizable physical manifestations such as members’ 

uniforms, signs and logos and documents .The deep structure or inner layer of culture consists of the 

values, beliefs and assumptions that underline the surface structure and provide the logic, which guides 

the members behaviors. 

 

Output: 

 

The products or services are the output of an organization. Outputs are measured at the individual, 

group or organizations level. 
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Feed back loop 

 

Feed back loop is basically the information regarding the quality or quantity of the actual performance 

of the organization. Feed back loop provides information from various segments of organizational 

system to make necessary dynamic changes to meet its objectives and missions successfully. 

 

SOS model places culture at core of the organizational dynamics. Unfortunately safety professionals 

are not very focused about how to best utilize the concept of culture in promoting safety, health and 

environment related practices in the organization. According to Robert Ekhardt, it is important to focus 

on five key cultural influences areas in the organization, which includes  

 

1.Management style (autocratic, democratic) 

2.The individual (personality, placement, skill) 

3.Safety programme (focused safety programme that emphasizes critical human   behavior, attitudes 

and reflects mission safety policy.) 

4.Production process (work procedures, systems and flow) 
 

Key Steps to Safe Actions and Behavior 

 

In the past decade, the culture of many organizations has promoted maximum production through 

increased efficiency often at the expense of safety; employees are injured trying to maintain 

production level. 
 

According to Topf, safety is instilled in the culture of an organization, as a key value and a key 

require requirement. The objective is to alter attitudes and behaviors about safety and to cause a 

long lasting cultural shift in the organization. In this model, every one in the organization is a 

supporter of safety from top management to the employee who sweeps the floor. Such steps are as 

follows: 

 

1.Increase awareness. 

2.Focus-pay attention. 

3.Distinguish what is safe /unsafe. 

4.Take responsibility. 

5.Take action. 

6.Safe behavior & results. 

 

 In the past decade, the culture of many organizations has promoted maximum production through 

increased efficiency often at the expense of safety; employees are injured trying to maintain 

production level. 

 

 

POSITIVE SAFETY CULTURE 

 

Traditional safety culture is known to be negative and reactive one. The negative safety is useful to 

deal with those who are unable to understand the logic behind correct procedure. The transition 

from negative to positive safety passes through distinct phases of human life that may be 

generalized into organizational life. First the negative or ‘DO NOT’ concept must be used with the 

young child. The child should be told the things that he cannot do in the context of the danger 
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involved. This stage transcends into the next stage of understanding the logic behind safe behavior. 

With further maturation of the youth, transition to positive approach takes place, as he understands 

the contribution of logic behind doing right things that adds quality to the activities of life. 

 

Safety is often considered as a restrictive and negative force designed to restrain the adventure and 

aggressive performer. In fact it is the converse of the actual concept and the role of safety. If the 

safety were the restrictive forces, many inventions, many new creativities or even first space flight 

could not have taken place. Precisely for this reason, the slogan  ‘safety first’ connotes a negative 

concept as it suggests safety as an end unto itself by adopting a defensive stance. This can be 

understood by identifying the difference between ‘right way’ and the ‘safe way’.  

 

A basketball coach never says,  ‘I will teach you the safe way to tackle’. Rather, he says, “I will 

teach you correct way of tackling” and then he teaches the correct way of tackling that incorporates 

safe procedures. This non-restrictive approach helps players to practice safety to play the right way 

and subsequently enjoy the adventure of competitive sport. 

 

POSITIVE SAFETY MANAGEMENT 

 

Positive safety culture can be nurtured through positive safety management (PSM). 

Positive safety management means to generate good or desired feelings about safety, the safety 

practitioner must eliminate as much as possible negative feelings associated with it. Positive safety 

culture is an outcome of positive safety management. PSM emphasizes the elimination of negative 

reinforcing factors. It concentrates techniques that positively reinforce the behavior related to risk 

behavior. It is basically a departure from the traditional safety programme which relies on punishment 

or reprimand Probably all punishment cannot be eliminated and the need for discipline and accident 

analysis will continue to be an integral part of safety program for some more time. 

 

PSM through workers’ training, re-education and empowerment: 

 

PSM believes in worker empowerment, safety education for empowerment is participatory and based 

on real life experiences. It incorporates dialogue between trainer and the workers to critically examine 

and analysis organizational and system-wise causes for problem. 

 

A positive approach to the employee re-education programme would be to use more of a workshop 

kind of approach rather than lecture discussion. A case study using a video camera may be developed. 

Workers are video taped performing various functions that may pose risk. They can view the tape and 

dialogue regarding the nature of work and possible solutions. 

 

ABC MODEL: 

 

ABC MODEL explains why we do what we do 

A: ACTIVATORS 

 

B: BEHAVIOR 

 

C: CONSEQUENCES 

 

Activators direct Behavior and Consequences motivate behavior. 
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Activators:             Safety meetings, goal settings, rules& regulations, pledge signing, policies and 

procedures, incentives, discussion, instructions, training etc. 

 

Behaviors: Putting on PPE, using equipment guards, approval, cleaning up spills, coaching 

others about their behaviors, delivering safety talk etc 

 

Consequences: Penalty, reprimand, accident, injury, inconvenience, time saving, comfort. 

 

 

PHYSICAL FACTORS, PSYCHOLOGICAL FACTORS & PHYSIOLOGICAL FACTORS 

 

 

Physical factors: 

 

 A certain minimum degree of physical competency is required for successful Safety performance. 

Reaction time, manual dexterity and visual abilities seem to have some bearing on accident free 

performance. Some types of job required superior physical abilities while others do not. It is not 

possible to redesign a job to allow a person with certain physical handicap to perform efficiently and 

safely. 

 

Psychological factors: 
 

Psychological factors that influence safety programme success are described below: 

 

1.Individual difference:    These are one of the ever-existent problems within the industry. Yet within 

the framework of differences in people are factors that are common to all 

and therefore useful in dealing with workgroups. 

 

2.Motivation:  Understanding the motivation of people is important. To use a safety 

device to protect one’s finger from a saw is perhaps indicative of 

motivation for safe practices, but it might decrease production is also is 

motivated. 

 

3.Emotion:  Humans frequently respond to their emotions. While emotions can be 

constructive at times, they can also be destructive-working to the detriment 

of both the individual and the safety programme. 

 

4.Attitudes: Industry has recognized the effect that attitudes can have on production, 

turnover, plant safety, and the like. 

 

5.Learning process:  Finally there should be concern with the learning processes. One cannot 

understand, motivation, emotion, attitudes, or even individual differences 

without some consideration of learning. 

 

Physiological factors: 

 

The branch of science that deals with the physiological aspect of man at work is known as ‘work 

physiology’. It has a basic part, a branch of human biology, and an integral part called ‘Industrial 

physiology’. The objective of industrial physiology is to get useful information about the working 

conditions in industry through the application of physiological research. 
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During muscular work physiological functions change from resting level. Heart rate, blood pressure, 

cardiac output, respiration, pulmonary ventilation, oxygen uptake, carbon dioxide production, chemical 

composition of blood and urine, body temperature, rate of respiration etc. They come back to resting 

level when the work stops. The period during which the work continue is known as ‘work period’ and 

the period during which the physiological functions return to the resting level is known as recovery 

level. 

 

By measuring one or more physiological variables during physical activity, it is possible to determine 

what degree the working level differs from the resting level. This gives an estimate of the 

physiological stress experienced in performing a given task. 

 

Major “PHYSIOLOGICAL FACTORS” involved in muscular activity. 

 

FACTORS INVOLVED ROLE PLAYED 

 

1.Fuel All three classes of nutrition, i.e. carbohydrates, fats 

and proteins provide energy for muscular work, 

Carbohydrates and fat are mostly used by working 

muscle while little protein is utilized directly as fuel. 

 

2.Respiratory Quotient Oxygen is used and carbon dioxide is given off 

during muscular work. The ratio of the amount of 

carbon dioxide produced to the amount of oxygen 

consumed is known as Respiratory quotient. 

 

3.Role of oxygen 

   a. Demand Oxygen is necessary for normal life and activity. 

The cells of the body require oxygen of oxidative 

processes from which the energy is derived. 
 

b. Requirement At rest the requirement of oxygen varies from 150 

to 250 cc. per min. During very hard work this need 

may be increased to 10 times or more. 

 

c. Supply. When the supply of oxygen is adequate, muscular 

work is carried out without any formation of lactic 

acid in muscle. But if the supply is in adequate, 

lactic acid is formed in the muscles and goes into 

circulation resulting in an increase of lactic acid 

content in blood. The estimation of lactic acid in 

blood during work and recovery gives an indication 

as to the stress of the muscular work. 
 

4. Cardiovascular functions. 

a. Cardiac output. Volume of blood expelled by the heart per minute is 

called cardiac output. It is the product of stroke 

volume and heart rate. It increases during muscular 

work. 
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i. Stroke volume It is the amount of blood pumped out with each 

heart beat. It also increases during muscular 

work. 

 

 

 

 

ii. Heart rate It increases during muscular work The 

maximum pulse as high as 200 per min. or more 

has been observed during work. The recovery 

takes place as soon as the work stops. 

 

b. Blood pressure. Systolic and pulse pressure (difference between 

systolic and diastolic) increase with the 

workload. 

 

5. Respiration The purpose of respiration is to provide oxygen 

for metabolism of the body cells and to 

eliminate carbon dioxide resulting from 

oxidation. It increases during muscular work. 

 

6. Body temperature Body temperature increases during work and it 

is a function of rate of metabolism in cool and 

comfortable climate. 

 
 

 

 

 

…………………. 

 

 

 



Organizational Safety 

Organizational safety is a contemporary discipline of study and research developed from the works of 

James Reason, creator of the Swiss Cheese Model, and Charles Perrow author of Normal Accidents. 

These scholars demonstrated the complexity and system coupling inherent in organizations, created by 

multiple process and various people working simultaneously to achieve organizational objectives, is 

responsible for errors ranging from small to catastrophic system failures. The discipline crosses 

professions, spans industries, and involves multiple academic domains. As such, the literature is 

disjointed and the associated research outcomes vary by study setting. This page provides a 

comprehensive yet concise summary of safety and accidents organizational knowledge using internal 

links (to existing Wikipedia pages), external links (to sources outside of Wikipedia), and seminal 

literature citations. 

Organizational culture & climate 

Organizational culture emerged from organizational studies and management to describe the attitudes, 

perceptions, beliefs and values of an organization. Organizational culture is the established underlying 

suppositions (Ashkanasy, Broadfoot, & Falkus, 2000; Schein, 1991; Strauss, 1987) communicated 

through shared, collectively supported, perceptions (Schneider, Brief, & Guzzo, 1996) that ultimately 

manifest in organizational outputs (Ashkanasy et al., 2000; Schein, 1991; Strauss, 1987). More basic, 

organizational culture has been described as "the specific collection of values and norms that are shared 

by people and groups in an organization and that control the way they interact with each other and 

with stakeholders outside the organization." 

To take a slightly broader view, it is necessary to consider the topic of organisational safety in the 

context of change management. An eminent example of a book in this category, discussing the topic of 

organisational culture, is The Change Masters".[2] Rosabeth Moss Kanter notes in the chapter 2 of the 

book that change should be seen as opportunity rather than see it as a threat. Seen in this way, 

organisations can be analysed as systems tending towards open or closed systems as they are conceived 

in the field of social science. The classification of systems using these two categories allows analogies to 

be made using the framework of general systems theory. The Open and closed system in social 

science provides further details on the topic of communications between people which can be treated 

as a closed communication system. Rosabeth Moss Kanter noted that culture of segmentalism inhibits 

innovation as segmentalism treats change as a threat and integrated companies encourage innovation 

as they treat change as an opportunity. 

Analyzing organisations or its culture must take into account the concept of system consisting of 

elements. As a system, an organisation is a purposeful system that contains at least two purposeful 

elements which have a common purpose. But, unlike, technical systems, organisations can consist of 

elements that can display will and learn to adapt. Organisations, unlike organisms forming part of the 

organisation, cannot learn but adapt to changing situations. Organisms, unlike organisations, are made 

up of elements that are not purposeful in any way. The elements of an organisms are functional in 

nature, but the purpose is only revealed by the whole. At least one of the elements of organisation must 



have a system control function to guide the organisation towards variety increasing rather than variety 

decreasing ( e.g. ineffective committee) as unlike the organisms, the will can be displayed only by parts 

or its elements. The dynamics of decision making within an organisation decide the course of action 

taken by an organisation. Research results highlight the risks of ignoring the role of disequilibrium 

dynamics and bounded rationality in shaping competitive outcomes, and demonstrate how both can be 

incorporated into strategic analysis to form a dynamic behavioural theory amenable to rigorous analysis. 

The idea that too much reliance should not be placed on tool supported decision making was discussed 

by Robert Freeman in a 1980s article, "Taking the Bugs Out of Computer Spreadsheets". In it, Freeman 

discusses a case of a Dallas-based oil gas company losing millions of dollars in the acquisition deal. The 

question of reliability of the computer spreadsheets studied by Robert Freeman suggests that logic of 

models and the makeup underlying the spreadsheets must be thoroughly checked. 

The UK HSE Research Report 367 presents a review of safety culture and safety climate literature for the 

development of the safety culture inspection toolkit. 

The key issue in the organisational context is the way the process of management of safety risk handles 

changes to the existing infrastructure, processes, technology or other elements and how 

communications regarding potential accident scenarios are handled and are seen in an integrated way. 

These changes might have unseen or adverse safety critical impacts. There are several concepts 

available to guide understanding in the area of safety. System safety is one of the concepts available. 

The other prominent method is the concept of Inherent safety. Espousing Change management can be 

seen as another concept in this direction. 

 



Pipeline within and outside installations. 

 

 
 

INTRPDUCTION 

 
Chemical process industries handle, store and process large quantities of hazardous chemicals and 

intermediates. The rapid growth in the use of hazardous chemicals in industry and trade has increased the risk to 

employees as well as the neighboring community. These activities involve many different types of chemicals and 

material, some of which can be potentially harmful if released into the environment , because of their toxic, 

flammable or explosive properties. Under these circumstances, it is essential to apply modern approaches to 

safety based on good design, management and operational control Pipelines, that are in short, practical and safe. 

But since it is a close circuit operation, there is no leakage or emission of gases causing hazard to the inhabitants 

along side pipeline route, personnel and air / water pollution Piping systems are the most commonly used method 

of conveying fluids in the process industries. 

The integrity of piping systems is dependent on various considerations and principles that should be observed 

when designing, constructing and maintaining process plant piping. 

Pipework is made up of many components including pipes, flanges, supports, gaskets, bolts, valves,NRV, 

strainers, flexibles and expansion joints. 

Such components are available in a variety of materials, types and sizes and may be manufactured to a national 

standard or maybe a manufacturers proprietary item. 

Products Transported in Pipelines 

Products that may be transported via pipelines- Crude oil, refined petroleum products and natural gas 

make up the vast majority of the volume of products transported through pipeline network. 

MS pipes does not react with the petroleum or any ingredient in the crude oil directly. 

It is definitely safer to transport hazardous and flammable chemicals like petroleum products through a 

pipeline from one location to another from safety and pollution angles 

An example of a pipeline system 

 

 



Design - Implementation of Pipework standards 

International/ National standards followed for design of a Pipeline system 

Consideration for pipeline transportation -it is essential to know characteristics of the chemical, which 

is required to be transported before choosing the material for pipe. 

In case of cross-country pipeline transportation of liquid petroleum products, physical and chemical 

characteristic of the chemical to be carried are required to be considered for design of pipeline system. 

OISD- STD- 141, ANSI-B 31.4, B 31.8, and other ANSI, ASME, ASTM, API and BIS Codes are 

followed during design, construction, commissioning & operation of pipeline system. 

International Standards: 

PHMSA(Pipeline and Hazardous Material safety Administration Regulations.USA 

Pipeline Safety Improvement Act. 2002 

In addition to above, fire fighting and safety systems in any cross-country pipeline is designed and 

operated according to NFPA and OISD standards. Thus, pipeline system is safe for operation within 

designed parameters and monitoring system is also is in place 

Some of the regulations governing pipeline safety standards: 

Applicable Factories acts and rules 

IBR rules 

MSHIC RULES 

Petroleum Rules 

 

 
Pipeline Facilities: 

Gathering Pipelines 

Gathering lines are those pipelines that are used to transport crude oil or natural gas from the 

production site (wellhead) to a central collection point. They generally operate at relatively low 

pressures and flow, and are smaller in diameter than transmission lines 
 

 

 
b Transmission Pipelines 



Transmission pipelines are used to transport crude oil and natural gas from their respective 

gathering systems to refining, processing, or storage facilities. 

Transmission pipelines also transport refined petroleum products and natural gas to customers, for use 

or for further distribution. With very few exceptions, transmission pipelines are dedicated to the 

transportation of crude oil, refined petroleum products, or natural gas. 

Transmission pipeline systems include all of the equipment and facilities necessary to effect the 

transportation of the products. 

This includes the pipe, valves, pumps or compressors, breakout tanks, storage tanks, refining and 

processing facilities and other equipment and facilities. 

They can range in length from hundreds of feet to hundreds of miles-Cross country pipelines. 

c. Distribution pipelines 

Natural gas distribution systems consist of distribution main lines and service lines. Distribution 

main lines are generally installed in underground utility easements alongside streets and highways. 

Distribution service lines run from the distribution main line into homes or businesses. Distribution 

main and service lines are not generally indicated by above-ground markers 
 

 

 
d. Marine Terminals 

Marine terminals are used to load or unload vessels that transport crude oil or liquefied natural 

gas (LNG). 

Marine terminals are located in ocean and inland ports in the United States. They are used to load and 

offload tankers and other vessels that transport unrefined petroleum, petroleum products, and LNG. 

In reverse, tankers can be offloaded at marine terminals.. Crude oil or LNG is transferred to storage 

facilities, and held for transport to processing and refining facilities, or for loading onto shallow-draft 

vessels, such as barges, for further transport 

e. Offshore Pipelines 

An offshore pipeline is defined as a pipeline that lies beyond the low water mark of the coast that 

is adjacent to the open seas. 

Offshore pipelines consist of gathering and transmission lines. The gathering lines run from 

offshore production platforms to centralized platforms or pipelines where the product is 

transported to the shore through transmission pipelines. 



F. Process plant pipelines : 

Lines pertaining to chemical process lines, utility lines, transfer lines for dust and powders 

transfer lines, vacuum lines etc 

Offshore Pipelines 

Hazards involved during transfer of chemicals : 

As various types of chemicals, solvents and hydrocarbons are handled by pipelines ,the risk 

varies from fire to toxic release, Corrosion, physical injury and Asphyxiation etc. 

Leaks of flammable chemicals from pipeline can result in Jet flow, which on ignition can lead to fire 

spread. 

Secondly If released into the environment, hydrocarbon liquids (crude oil and refined petroleum 

products) pose a range of risks to the environment and to human populations. 

Released petroleum liquids can contaminate ground and surface water resources and harm fragile 

ecosystems. 

Some other gases transported by pipeline such as butane, hydrogen, carbon dioxide (which can also be 

transported as a liquid), oxygen, and hydrogen sulfide, can be either lighter or heavier than air, but 

most are Asphyxiants in confined spaces. 

Hydrogen sulfide is a toxic gas and exposure to relatively low concentrations of it can result in death. 

Hydrocarbon vapors are flammable or combustible, although different hydrocarbon liquids have 

different flash points (the temperatures at which sufficient flammable vapors are emitted) and 

flammable ranges (the range of vapor concentration in air expressed as a percentage by volume). 

Additionally, many hydrocarbon liquids transported by pipelines have added chemicals that if present 

in sufficient quantities and concentrations are considered extremely hazardous and sometimes 

carcinogenic. Exposure to released products may occur via inhalation, ingestion, skin absorption and 

skin or eye contact 

Additionally, many hydrocarbon liquids transported by pipelines have added chemicals that if present 

in sufficient quantities and concentrations are considered extremely hazardous and sometimes 

carcinogenic. Exposure to released products may occur via inhalation, ingestion, skin absorption and 

skin or eye contact 
 



Some Pipeline failure causes 

The predominant causes of pipeline accidents: 

Corrosion, 

Construction Defects 

Human Error/ Incorrect Operation, 

Pipelines Stress, 

Excavation Damage , 

Natural Force Damage , 

Weld /Material Failure Etc. 

Various Factors associated while transferring chemicals 

Corrosion 

Corrosion is the largest single cause of plant and equipment breakdown in the process 

industries. 

In practice for pipes it is usual to select materials of construction which corrode slowly at a known rate 

and to make provision for the material loss due to corrosion / erosion. 

Material Selection: 

All piping components such as gaskets and bellows must be compatible with the fluid. 

Ensure the correct selection and use of materials of construction in piping systems. 

Exterior surface corrosion of pipework components and supports can appear as pitting or crevice 

corrosion. 

Painting to an appropriate specification will significantly extend the period to the onset of corrosion 

but the durability of the paint finish is largely dependent on the quality of the surface preparation. 

Improperly installed insulation can provide ideal conditions for corrosion and should be weatherproofed or 

otherwise protected from moisture and spills to avoid contact of the wet material on equipment surfaces 

Application of an impervious coating such as bitumen to the exterior of the pipework is beneficial in 

some circumstances. Wrapping or taping pipework to provide protection is also a common practice. 

Cathodic protection is an electrochemical method of corrosion control which has found widespread 

application in the protection of carbon steel underground structures such as pipework and tanks from 

soil corrosion. The process equipment metal surface is made the cathode in an electrolytic circuit to 

prevent metal wastage. 

Inspection and maintenance programmes should be ensured for pipework systems carrying hazardous 

fluids and in particular for lagged pipework 

 

 
Pipe joints 

Pipe joints are often the point of leakage on pipework systems and the number of joints in piping 

systems should be minimised where practicable. 

Joints can be permanently welded for high integrity systems or reformable types such as flanged, 

screwed or compression fittings may be used. 

Welds should be inspected by an appropriate method depending on the application requirements. 



Radiography and ultrasonics are widely used where high integrity welds are required. 

Evaluation of pipeline stresses, reactions and movement 

Lack of consideration of the stresses, reactions, and movement of the piping and connected equipment 

at the design phase can result in failure of supports, leakage at flanged joints, distortion of valve bodies, 

and failure of in line items such as bellows. 

Notably the Flixborough disaster occurred due to a bellows failure. 

Plant should ensure that competent persons carry out the mechanical design of piping systems. 

Stress analysis and flexibilty analysis needs tobe carried depending on the usage and location. 

Routing and supporting 

Piping containing hazardous fluids should be protected from damage by external mechanical impacts, 

leaks from adjacent pipework and external sources of heat. 

Pipework should be routed to take into account the requirement for safe access for operation, 

inspection and maintenance. 

Pipe supports and bridges should be designed with sufficient mechanical strength for the loads exerted 

on them and for traffic impact resistance where appropriate. 

Armco barriers or the equivalent should be used to protect pipe routes close to roads. 

For hazardous fluids, the piping should avoid 'dead legs' and be designed to facilitate drainage to 

prevent trapping of fluid. Pockets should be avoided in piping carrying slurries, fluids that can create 

blockages or form corrosive condensate. 

Double valving or the use of high integrity proprietary sampling systems are likely to be appropriate 

for the sampling of hazardous substances. 

Operational demands: 

During design, the operation of each piping system needs to be clearly understood not only under 

normal conditions but also those conditions arising during start up, shutdown and as a result of process 

upsets. 

These should include : 

Pressure surge 

Condensate hammer 

Cavitation 

Pulsations / vibrations 

Cyclic loadings 

Temperature gradients and cycling 

These items should also be addressed during project HAZOP studies 

Isolation 

Valving is the primary means of isolating process equipment and is provided for both maintenance and 

emergency purposes. For maintenance it is also necessary to consider the requirements for meeting 

isolation standards (spectacle blinds, etc). 

Where isolation is provided it is possible to trap liquid between closed valves and in some 

circumstances temperature changes in the fluid can result in thermal expansion of the trapped liquid 

and loss of containment. -TSV 



Where thermal expansion is a problem, the operator should be aware and ensure that pressure relief 

has been installed where necessary. 

Static Charges: 

Where fluid flows through a pipe static electricity is generated. The conductive properties of the fluid 

and the pipework system affect the charging process and in some cases it is necessary to restrict flow 

rates to control static generation. 

There is a basic requirement for the earthing of process equipment to prevent ignition of flammable 

vapours by static discharge. 

Additionally procedures should be in place for the periodic testing of the continuity to earth of 

pipework where necessary. 

 

 
Incorrect Operation-Human Factors 

Although much of pipeline operations can now be automated, humans continue to serve a primary role 

in many activities touching nearly all aspects of pipeline operations 

As a result, human factors can become critical elements in certain types of pipeline and equipment 

failures 

 

 

Examples of Incorrect Operation include mistakes that may occur when directing the flow of fluid, 

draining or filling a vessel or tank, performing routine maintenance, or reacting to a condition on the 

pipeline 

Construction and fabrication; 

Fabrication specification should specify welding and jointing procedures, alignment tolerances, defect 

limits, extent of visual and non-destructive testing. 

Pipework should be constructed in accordance with isometrics signed off by competent persons. 

Pressure tests should be carried out to written procedures to confirm adequate containment at process 

conditions. 

Commissioning procedures should be in place to ensure that installed pipework is inspected before use 

to identify any design faults that may have been introduced at the construction stage and to confirm 

suitability for use. 

Material selection 

Whilst carbon and stainless steels are commonly used materials of construction, increasing use is being 

made of non- metallic and lined or plastic piping systems. 

The selection of the material of construction should taken into account variation in process conditions 

that may occur under foreseeable upset conditions. 

The strength of some materials changes considerably at elevated temperatures. Typically the 

mechanical strength of plastic pipework and bellows reduces considerably at elevated temperatures. 

Steels may suffer from brittle fracture at low temperatures. 

The plant must ensure that deviations in process conditions such as fluid temperature, pressure and 

composition are identified and assessed in relation to the design of the pipework 



Material Failure 

During the manufacture of steel, impurities can sometimes remain in the molten steel. These impurities 

can cause an incomplete bonding of the material in the steel plate or solid round steel billet used to 

produce pipe and other pipeline components. 

Although early steel-making processes allowed more impurities to remain, newer, improved processes 

have reduced this potential and vastly improved the quality of the steel used. 

Still, casting and manufacturing defects in the steel material can result in failures. 

 

 
Industry applications 

Chlorine 

Special steels are required for handling chlorine at low temperature to avoid embrittlement and at high 

temperatures chlorine burns mild steel. The flow rate of liquid chlorine through pipework is restricted 

to avoid removing the ferric chloride coating on the pipe surface which protects against erosion / 

corrosion. Wet chlorine gas corrodes mild steel and ebonite lined steel is used for this duty. 

Where ROSOVs can trap liquid chlorine pressure relief is installed on the pipeline. 

LPG 
 

 

 

 
For above ground liquid duty carbon steel seamless pipe is used and the joints can be either flanged or 

welded. Screwed fittings are only permissible on pipe diameters up to 50 mm and compression fittings 

cannot be used. Copper and polyethylene pipework are not permitted on liquid duty but copper can be 

used on vapor duty for pipes of up to 15 mm diameter in conjunction with compression fittings. 

Ethylene Oxide 

Mild steel or stainless steel maybe used with ethylene oxide, however mild steel must be rust free to 

prevent initiation of exothermic polymerization. Flanged joints should have stainless steel spiral wound 

PTFE joint gaskets or trapped Fluon gaskets. CAF is not suitable for use above 25°C and natural rubber 

is not permissible. Joints should be kept to a minimum. 

Sulfuric Acid 

Alloyed cast pipe are used in Sulfuric acid plant where weak acids are handled, due to high corrosion. 

Ethylene Oxide 
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prevent initiation of exothermic polymerization. Flanged joints should have stainless steel spiral wound 

PTFE joint gaskets or trapped Fluon gaskets. CAF is not suitable for use above 25°C and natural rubber 
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Alloyed cast pipe are used in Sulfuric acid plant where weak acids are handled, due to high corrosion. 



 

Case studies 

In July 2009 there was at least one fatality and three others were injured- during a pipeline testing 

procedure at Mississippi. 

 
These are photographs of the incident and the destruction. 

Please remember those who died were injured from this pressure test. 

 

 

When failures occur the pressure is massive. Massively destructive to not only pipe, but everything in 

its avenue. 

As you can see from this mass destruction of pipe, we remember why on-lookers are not allowed 

within 500' of hydro-testing or nitrogen-testing area. These hazards are great 

 

Last week (July 2009) there was at least one fatality and three others were injured- during a pipeline 

testing procedure at Mississippi. 

 
These are photographs of the incident and the destruction. 

Please remember those who died were injured from this pressure test. 

 

 

When failures occur the pressure is massive. Massively destructive to not only pipe, but everything in 

its avenue. 

As you can see from this mass destruction of pipe, we remember why on-lookers are not allowed 

within 500' of hydro-testing or nitrogen-testing area. These hazards are great 
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a. Flixborough (Nypro UK) Explosion 1st June 1974 

On June 1974 the Nypro (UK) site at Flixborough was severely damaged by a large explosion. Twenty- 

eight workers were killed and a further 36 suffered injuries. Offsite consequences resulted in fifty-three 

reported injuries. Property in the surrounding area was damaged to a varying degree. 

Prior to the explosion, on 27 March 1974, it was discovered that a vertical crack in reactor No.5 was 

leaking cyclohexane. The plant was subsequently shutdown for an investigation. 

The investigation that followed identified a serious problem with the reactor and the decision was taken 

to remove it and install a bypass assembly to connect reactors No.4 and No.6 so that the plant could 

continue production. 

During the late afternoon on 1 June 1974 a 20 inch bypass system ruptured, which may have been 

caused by a fire on a nearby 8 inch pipe. 

This resulted in the escape of a large quantity of cyclohexane. The cyclohexane formed a flammable 

mixture and subsequently found a source of ignition. At about 16:53 hours there was a massive vapour 

cloud explosion which caused extensive damage and started numerous fires on the site. 

Failings in technical measures: 

A plant modification occurred without a full assessment of the potential consequences. Only limited 

calculations were undertaken on the integrity of the bypass line. 

No calculations were undertaken for the dog-legged shaped line or for the bellows. 

No drawing of the proposed modification was produced. 

Plant Modifications/Change procedures-Hazop not carried out-Risk assesment. 

Design Codes-Pipework- use of flexible pipes 

No pressure testing was carried out on the installed pipework modification. 

Maintenance procedure-Recommissioning procedures not followed 

Those concerned with the design, construction and layout of the plant did not consider the potential for 

a major disaster happening instantaneously. 

Plant Layout- positioning of occupied buildings 

Control room Design- structural design to withstand major hazards events 

The incident happened during start up when critical decisions were made under operational stress. In 

particular the shortage of nitrogen for inerting would tend to inhibit the venting of off-gas as a method 

of pressure control/reduction. 

Operating Procedure- number of critical decisions to be made 

Inerting- reliability/back-up/proof testing 

B. Associated Octel Company Limited, Ellesmere Port, Cheshire 

Accident summary 

At about 8.23 pm on 1 February 1994 there was a release of reactor solution from a recirculating 

pump near the base of a 25 tonne ethyl chloride (EC) reactor vessel at the factory of The Associated 

Octel Company Ltd, Ellesmere Port, Cheshire. 

The reactor solution was highly flammable, corrosive and toxic, mainly consisting of ethyl chloride, a 

liquefied flammable gas, mixed with hydrogen chloride a toxic and corrosive gas, and small quantities 

of solid catalyst, aluminium chloride. A dense, white cloud soon enveloped the plant and began to 

move off-site. 



The flammable vapours of ethyl chloride ignited, causing a major pool fire which was most intense at 

the base of the reactor. As the incident developed there were also fires at flanges damaged in the fire, 

including jet flames at the top of two large process vessels on the plant. 

The leak occurred at a point between fixed pipework and the discharge port of a pump recirculating 

liquids to the reactor, as a direct consequence of either: 

 (a) the failure of a corroded securing flange on the pump working loose; or 

 (b) the failure of a PTFE flexible connection (“bellows”) connecting the pump discharge to the pipe. 

The HSE believes the first of these possible causes was the more likely. The most likely source of 

ignition was an electrical control box to a compressor nearby. 

Failings in technical measures:- 

Either: Pipework failed due to a corroded securing flange on the pump working loose. 

Corrosion / Selection of Material-: Corrosion allowances, monitoring/inspection 

Or: Failure of PTFE bellows connecting the pump discharge to the pipe. 

Design Codes – Pipework -: Use of flexible pipes 

No formal system of maintenance and fault reporting of the components. 

Maintenance Procedures-: Maintenance systems, Fault reporting systems 

Manual isolation valves were difficult to reach and operate; ROSOV valves should have been in place. 

Isolation-: Manual Isolation, Emergency isolation 

C. Fire at BP Oil, Grangemouth Refinery. 13th March 1987 

 

 
Accident summary: 

It had been noticed that the flare line isolation valve V17 was passing 

When senior refinery staff prepared a plan for the isolation of the flare system, they concentrated on the 

operational and safety requirements of the flare system, making sure that no operational areas of the 

plant were inadvertently isolated. 

The details of the removal of V17 were not considered and left to those who would be responsible 

for the work. 

Four workers were involved with the removal of the valve. When the majority of the bolts were undone 

the joint opened slightly and liquid dripped from a small gap between the flanges. 

All the bolts were removed and the crane took the weight of a spacer and started to remove it, at which 

point gallons of liquid poured from the valve. 

A flammable vapour cloud formed from the rapidly spreading pool. The cloud reached the nearby air 

compressor, ignited and flashed back around the working area. 

Two workers managed to escape the fire but a fitter and a rigger were engulfed by the flames and 

killed. The fire was allowed to burn in a controlled manner for almost two days while the rest of the 

refinery was shut down and the flare system purged with nitrogen. 

Failures in technical measures: 

Small diameter liquid drain line blocked with pyrophoric scale allowing collection of hydrocarbon 

condensate in the pipe. 



Design Codes – Pipework -: draining/flushing for maintenance 

Maintenance Procedures -: isolation/flushing/draining 

Isolation valves passing due to blockage with pyrophoric scale, no valve position indication present. 

Isolation-: manual isolation 

Exhaust gas spark arrester missing on diesel air compressor. No rigorous checks on equipment. 

Maintenance Procedures -: management/supervision 
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D. San Francisco natural gas pipeline puncture, USA. 25th August 1981 

Accident summary: 

A 16 inch natural gas pipeline, located in California (USA), which conveys gas entrained with oil 

containing polychlorinated biphenyl (PCB) was damaged by third party activity. 

An excavation subcontractor using a drill punctured the gas pipeline. The hole allowed the gas to 

escape in an upward direction, which was then carried towards nearby buildings. The gas did not ignite 

and was naturally dispersed. 

However, there was a fall out of the PCB-oil as a mist, which contaminated an eight square block area 

of the city’s financial district. 

This initiated the evacuation of approximately 30,000 individuals. 

Failings in technical measures 

The probable cause of the incident was failure of the principle contractor to comply fully with the terms 

of the excavation permit, which required the verification of local underground facilities. The 

subcontractor was aware of the presence of a gas main, but did not know its precise location. 

Permit to Work Systems -: location of hazardous substances 

Contributing to the duration of the gas leak was failure of the pipeline operator to locate an emergency 

valve due to inadequate documentation. 

Emergency Response / Spill Control -: emergency operating procedures/training 

When one of the emergency isolation valves had been identified, its physical accessibility was 

restricted because the valve had been paved over. Another isolation valve failed to close because of 



inadequate maintenance/testing procedures. Also, some operators were unaware how to operate 

particular isolation valves) 

Maintenance Procedures -: maintenance systems 

Isolation-: remote and manual isolation 

 

 

 
 

E. Sparking during liquid transfer 

Accident summary 

The system involved in this near miss is a lined storage tank, lined pipework and lined tote. 

The totes were filled from the storage tank by pressurisation of the tank with nitrogen forcing the liquid 

through the pipework into the tote. 

The incident occurred as loading was nearly complete, and nitrogen was flowing through the 

pipework. An employee noticed 15 cm sparks between the metal straps on the tote and the metal lid 

holding the dip pipe and vent line. 

As the fluid was corrosive and not flammable, the consequences of this incident were not severe. 

Failures in technical measures: 

The metal frame of the tote was not adequately earthed so that a static charge generated within the 

liquid could induce sufficient charge on the metal frame to generate a spark between the metal frame 

and the lid. 

Earthing-: temporary storage 

The failure cases generally depend upon the availability of safety systems, instrumentation and their 

response time and the probability of human error. 

 

 
Contributing Parameters related to pipeline: 

A. Safety systems during operations: 

Plant Modifications/Change procedures 

Risk assessment study 

Corrosion /Selection of materials 

Maintenance Procedure 

Earthing 

Safety relief systems 

Operating Procedures 

Permit to work system 

Inerting 

Instrumentation and Control systems 

Training 

Leak gas detection system 



B. Safety System post incident 

Emergency response/spill control 

Emergency Isolation 

Secondary containment 

Active and passive fire protection system 

Analysis of these parameters and factors 

1. Plant Modification /change procedures 

To avoid hazards caused by modifications, it is necessary that any proposal for change be identified, 

and that the proposal is formally authorised, after technical investigation, by competent personnel of 

senior status. 

Modifications should be designed, constructed, inspected, tested and proved to have achieved the 

design intent and should be maintained at least to the standard of the design criteria required by the 

process. 

be carried out to determine the possibility and consequence of the haz 

Risk assessment must ards being realised; if necessary, appropriate precautions must be taken to 

minimise the risk; 

All modifications – whether involving procedures, plant and equipment, people or substances – should 

be subject to formal management procedures; 

Good industry practice requires that process and plant modifications 

should not be undertaken without having undertaken a safety, 

engineering and technical review. This review should be traceable and 

identify changes proposed to the following factors: 

Process conditions; 

Operating methods; 

Engineering methods; 

Safety; 

Environmental conditions; 

Engineering hardware and design. 

A form of risk assessment should then identify what hazards have been created by the change that may affect 

plant or personnel safety, and what action can be implemented to reduce or eliminate the risk. Additional 

hazards that may be introduced which need to be considered are fire, explosion and loss of containment. 

Changes may affect other parts of the plant which may be quite remote from the source of the change. 

Therefore all parts of the plant should be considered in undertaking hazard identification and risk 

assessments Techniques such as Hazop,PHA,Prilimanry hazard analysis ,etc 

Factors that are crucial to the success and safe implementation of a plant modification procedure include: 

Corporate history; 

Communication between different departments; 

Recognition of authorised personnel; 



Accurate recording and monitoring of changes to plant and process. 

2. Corrosion / selection of materials 

A significant proportion of corrosion failures occur due to some form of localised corrosion, which 

results in failure in a much shorter time than would be expected from uniform wastage. 

Additionally, it is important to take into account that external atmospheric corrosion leads to many 

instances of loss of containment and tends to be a greater problem than internal corrosion. All these 

aspects of corrosive behaviour need to be addressed both at plant design time and during the life of the 

plant. 

 

 

Local Corrosion – 

Pitting often occurs where certain impurities such as chlorides are present in process streams and 

cooling waters. This is an extreme form of localised corrosion. Once initiated pits are usually self- 

accelerating and can result in rapid failures 

In piping the most frequent failures from Stress corrosion crackinaag occur with austenitic stainless 

steels in contact with solutions containing chloride. Even trace quantities of chlorides can cause 

problems at temperatures above 60°C. 

Crevice corrosion may occur where liquid is trapped between close fitting metal surfaces, or between 

a metal surface and a non-metallic material such as a gasket. 

Localised Erosion can occur where equipment orientation causes fluid velocities to accelerate such as 

at bends. 

Exterior surface corrosion or rusting of pipework occurs by the formation of iron oxides. Painting to 

an appropriate specification will significantly extend the period to the onset of corrosion 

Improperly installed insulation can provide ideal conditions for corrosion and should be 

weatherproofed or otherwise protected from moisture and spills 

Application of an impervious coating such as bitumen to the exterior of the pipework is beneficial in 

some circumstances. 

Cathodic protection is an electrochemical method of external corrosion control that has found 

widespread application in the protection of carbon steel underground structures such as pipelines and 

tanks from soil corrosion. 

This system imposes a very low-voltage, direct electric current on the pipeline to oppose the natural 

corrosion currents at locations where pipe coating is damaged or missing. 

The process equipment metal surface is made the cathode in an electrolytic circuit to prevent metal 

wastage 

Another type system is to connect the pipeline to an anode ground that attracts the corrosion-causing 

current. This sacrificial anode attracts the current away from the iron in the pipe. Anodic protection is 

less commonly used and relies on an external potential control system to maintain the metal in a 

passive condition. 

Where equipment is lined electrical continuity tests for lining defects should be carried out where 

appropriate. Cathodic and anodic protection systems should be regularly checked to ensure continued 

protection 

Material selection for corrosion protection 

Whilst carbon and stainless steels are commonly used materials of construction, increasing use is being 

made of non- metallic and lined or plastic process equipment. 



Some of the more commonly used plastics are PVC, PTFE and polypropylene 

Its use is limited to moderate temperatures and they are generally unsuitable for use in abrasive duties. 

Also Special glasses can be bonded to steel, providing an impervious liner. Glass or 'epoxy' lined 

equipment is widely used in severely corrosive acid duties. 

3. Maintenance procedures 

Maintenance procedures necessary to mitigate a major accident or hazard. 

The following aspects should be considered with respect to Maintenance Procedures: 

Human factors; 

Poorly skilled work force; 

Unconscious and conscious incompetence; 

Good maintainability principles; 

Knowledge of failure rate and maintainability; and 

Clear criteria for recognition of faults and marginal performance. 

The following issues may contribute towards a major accident or hazard: 

Failure of safety critical equipment due to lack of maintenance; 

Human error during maintenance; 

Static or spark discharge during maintenance in an intrinsically safe zone; 

Incompetence of maintenance staff; and 

Poor communication between maintenance and production staff. 

Major hazards could arise from the following: 

Failure to drain and/or isolate plant prior to dismantling causing release of flammable or toxic 

substances; 

Maintenance being performed incompetently (particularly alarm/action set points on instruments 

incorrectly set, alignment of couplings on pumps and agitators causing overheating, motors running in 

wrong direction, safety features left disconnected/dismantled, gaskets left out, bolts torqued incorrectly 

or bolts missing, non-return valves orientation incorrect, pipework/flexibles incorrectly 

connected/installed, pipeline spades/orifice plates left in/removed, relief valve springs overtightened, 

bursting discs orientation incorrect/left out); 

Scheduled maintenance not being undertaken as required or breakdown maintenance inadequate, 

leading to unrevealed failures of safety critical items 

Company maintenance regimes (planned, risk-based, reliability centred, condition based or breakdown 

maintenance) are adequate for each plant item which has a safety function 

Lack of knowledge by maintenance staff of the working environment where maintenance is being 

carried out (i.e. lack of risk assessments, warning signs, method statements, emergency procedures), 

leading to ignition of flammable substances (e.g. heat sources such as cigarettes or welding, static and 

electrical discharge, use of non spark-resistant tools) or injury/fatality from incorrect personal 

protective equipment (e.g. respirators) being worn; 

Unauthorised staff performing maintenance functions; and 



Failure to re-commission plant correctly after maintenance to ensure that operations are not 

adversely affected in terms of safety considerations (e.g. contamination, flow rate changes, heat 

transfer rate changes, mass transfer rate changes). 

Whether sufficient precautions are taken prior to maintenance of hazardous plant and equipment 

(isolation, draining, flushing, environmental monitoring, risk assessments, permits to work, 

communication, time allotted for the work); 

Whether the maintenance staff are aware of the type of environment they are working in (flammable, 

corrosive, explosive, zones 0, 1 & 2); 

Whether the maintenance staff use the correct equipment in the workplace during re-conditioning, 

replacement and re-commissioning (static free, intrinsically safe, flameproof, PPE/RPE); 

4. Instruments and control systems Monitoring, recording and logging of pipelines and plant status 

and process parameters are essential for safe running of plant. 

Parameters and functions such as Detection systems , alarm protection (trip, interlocks and 

emergency shutdown), and process control systems are integrated part of safety sytems to 

mitigate any ontoward risk arising while transfer of chemicals and operation through 

pipelines. 

Lines handling hydrocarbons and flammable chemicals, has to be provided with pressure 

indicators, temperature indicator, flow meter, Emergency shut off valves, ROV, etc. 

The flow meter will have indicator, integrator and low and high flow alarms also act as leak 

detection system. 

Thermal relief valves will also be provided at various locations as per the material handled. 

All these systems can be controlled from control room or manually operated also. 

Control systems 

Engineered systems collectively described as Control systems, and may be such as the human 

interface, plant interface, logic management systems. 

The human interface may comprise a number of input and output components, such as controls, 

keyboard, mouse, indicators, annunciators, graphic terminals, mimics, audible alarms, and charts. 

The plant interface comprises inputs (sensors), outputs (actuators), and communications (wiring, 

fibre optic, analogue/digital signals, pneumatics, fieldbus, signal conditioning, barriers, and trip 

amplifiers). 

The logic elements may be distributed, and linked by communications, or marshalled together and may 

be in the form of relays, discrete controllers or logic (electronic, programmable or pneumatic), 

distributed control systems (DCS), supervisory control and data acquisition (SCADA), 

computers (including PCs), or programmable logic controllers (PLC). 

The logic elements may perform continuous control functions, or batch or change of state (e.g. start- 

up/shut-down) sequences. It should also be noted that logic functions may be distributed to be 

undertaken within smart sensors or actuators. 

5. Earthing 

Earthing can classified in two ways: 

-System earthing; 

-Equipment earthing. 

System earthing is essential to the proper operation of the system, whereas equipment earthing 

concerns the safety of personnel and plant. 



A key function of Equipment earthing is to provide a controlled method to prevent the build up 

of static electricity, thus reducing the risk of electrical discharge in potentially hazardous 

environments. 

Flammable liquids transfer 

The major hazard involved with the transfer of flammable liquids is the build up of static due to 

charge separation with potential for discharge resulting in fire and subsequent loss of 

containment 

Measures that can be employed to reduce these hazards include: 

Ensure that the pipe transferring the liquid is completely filled to exclude the formation of explosive 

mixtures; 

Utilise inert gas blanketing; 

Employ low transfer velocities. For only partially filled pipes, or pipes which discharge into containers, 

the velocity is to be limited as follows: 

For mineral oil products (e.g. gasoline, petrol, kerosene, paraffin, jet fuel) and for other chargeable 

liquids (excluding carbon disulphide and ether): 

Nominal pipe diameter: mm 40 50 80 100 200 400 600 

Velocity: m/s 7.0 6.0 3.6 3.0 1.8 1.3 1.0 

Quantity: l/min 600 800 1100 1600 3500 10000 17000 

If these velocities are adhered to, no hazardous charges will be generated within homogenous liquids. 

But when suspensions of crystals in non-conductive liquids are conveyed, hazardous charges may 

always be generated, even at velocities below 1 m/s. 

Flanges should be earth bonded; 

Use sub-surface dip pipes or bottom entry filling when discharging into vessels; 

Ensure regular inspection and testing of earth bonding. 

When flexible hoses are employed, measures that can be adopted include: 

Where velocities exceed 1m/s hoses should be made of conductive material or non-conductive material 

with embedded fine wire mesh. The mesh should be bonded to the metal flanges or coupling of the 

hose; 

If a metal hose with a liner is employed, the metal mantle and flanges or couplings must be bonded to 

each other; 

6. Pressure Control and relief systems 

Pressure control and relief devices prevent pipeline ruptures that are caused by overpressure. 

Examples of pipeline equipment responsible for pressure control and relief include: 

Relief valves that open when pressure rises above a set pressure . 

Pressure sensors that monitor pressure of the liquid or gas in the pipeline. 

Pressure control devices receive input from pressure sensing devices and regulate pipeline 

equipment to raise or lower operating pressure. 

 

 
7. Inerting 



Inerting is normally only considered when the flammable or explosive hazard cannot be eliminated by 

other means i.e. substitution of flammable material with non-flammable, adjustment of process 

conditions to ensure substances are below flammable limits 

 

 

Inert gases are also used to transfer flammable liquids under pressure. Inerting is applicable to 

enclosed plant, since plant that is substantially open to atmosphere cannot be effectively inerted 

because the prevailing oxygen concentration is likely to vary. 

8. Leak / gas detection 

General principles 

The following aspects should be considered with respect to Leak/Gas Detection: 

Human Factors; 

Objectives of leak/gas detection systems; 

Types of leak/gas detectors required; 

Maintenance of leak/gas detectors; and 

Management of leak/gas detector systems. 

The following issues may contribute towards a major accident or hazard: 

Unrecognised high-risk areas, where detectors could be used; 

No detectors or the wrong types in place in high risk areas; 

Detectors incorrectly positioned and installed on site; 

Poor level of maintenance and control of detection systems; 

Too heavy a reliance on ineffective detectors 

Contributory factors to consider concerning leak/gas detection 

The appropriateness of the types of detectors being used (UV detectors, IR detectors, smoke detectors, 

intrinsically safe detectors, heat detectors, specific substance detectors, explosimeters) in terms of the 

environment in which they are located and to perform the duty expected; 

The effectiveness of using the detectors in terms of their positioning relative to the possible leak 

sources, taking account of dispersion and dilution of the released gases/vapours; 

The effectiveness of the detectors for the types of substances to be detected (flammable substances, 

acid gases, smoke, explosive substances, toxic substances) at the concentrations required. Detectors 

may be chosen to react to more than one substance; 

The types of protective devices linked to the detection systems (alarms, warning lights, reaction 

quenching systems, isolation systems, fire retardant systems, plant shutdown systems, trip devices, 

emergency services); 

The reliability of each detector (range of detection, response time of detection, level of maintenance, 

calibration frequency, performance testing frequency, proof testing); 

The detectors can be clearly seen, heard and understood, (appropriate warning signs, lighting, noise 

recognition), on plant, in the control room and off-site (if appropriate); 

The procedures to respond to alarms, as a result of a leak/gas being detected (emergency evacuation 

plans, fire drills, risk assessing existing emergency evacuation plans), to confirm that the release has 



actually occurred and to record and investigate false alarms and take action to change the system to 

maintain the confidence of operators; 

The level of risk associated with each potential leak source (risk assessments, risk-rating systems) and 

the reduction in that assessed risk value achieved by the use of detectors; 

9. Operating procedures 

There have been numerous recorded incidents where failings by operators have been the major 

contributing cause of major accidents. 

Provision of clear, concise and accurate operating procedures is the most effective measure to 

prevent, control and mitigate such events 

Operating procedures should clearly lay down instructions for operation of process plant that take 

into consideration manual handling, permit to work, PPE Regulations, quality, HAZOP, and SHE 

requirements 

These procedures should cover the following : 

Material safety data (COSHH); 

Plant operatives should have an awareness and understanding of material safety data for raw materials, 

intermediates, products and effluent / waste; 

Control measures and personal protective equipment; 

Location of plant where process to be undertaken; 

Roles and responsibilities of individuals involved in plant operations; 

Plant fit for purpose; 

The condition of main process plant and equipment (clean, empty etc. as appropriate) should be 

established as being fit for purpose; 

Process monitoring and recording; 

Monitoring and recording of key process parameters (temperature, pressure etc.) in plant For Eg. while 

Commissioning, the Operating procedures include: 

System Configuration Check; 

The purpose of this activity is to trace all pipework and connections to verify the system 

configuration, and to visually inspect items of equipment to ensure that they are clean, empty and fit 

for purpose as appropriate prior to undertaking water trials. 

Instrumentation System Check – 

Verification of Alarms and Trips; 

The purpose of this activity is to ensure that all instrumentation, alarm settings, microprocessor 

signals and hardwire trips pertaining to the installation are functional. This will also check that 

signals from the field instrumentation are displayed locally and are being correctly relayed to the 

computer interface rack, as well as to the computer system. 

Flushing and Cleaning of Lines and Vessels with Water 

Assessment of Ancillary Equipment; 

The main aim of this assessment is to verify the performance of all ancillary equipment. This may 

include pumps, fans, heat exchangers, condensers etc. 

Calibration of Vessels and Instrumentation; 

The purpose of this activity is to check the calibration and performance of all vessels and 

instrumentation pertaining to the installation. 



Start Up Protocol; 

The purpose of this procedure is to provide guidance for bringing the installation online starting from 

an empty non-operational system. 

Shut Down Protocol; 

The purpose of this procedure is to provide guidance for taking the installation offline starting from a 

fully operational system. 

10. Permait to Waork Systems 

Permit to work systems required to control work such as maintenance activities on chemical 

plant and so prevent a major accident : 

Contributory factors concerning Work Permit System- 

Whether staff have been sufficiently informed, instructed, trained and supervised to minimise a 

potential human failing during operation of the work permit system; 

Whether the work permit system includes sufficient safety information, maintenance instructions, 

correct PPE and equipment for use; 

Whether the work permit contains sufficient information about the type of work required (Equipment 

removal, excavation, hot/cold work, repairing seals, vessel entry, waste disposal, isolation); 

Whether there is sufficient provision available to fulfil the requirements of the work permit system; 

Whether all work permits are kept on file; 

Whether sufficient precautions are taken prior to initiating a work permit (isolation, draining, 

flushing, environmental monitoring, risk assessments, communication, time allotted for the work); 

Whether staff are aware of the type of environment they are working in during the operation of a 

work permit (flammable, corrosive, explosive, zones 0, 1 & 2, electricity supplies); 

Whether the person responsible for operating the plant is aware of the type of maintenance involved 

and how long it is likely to take 

Whether the employees responsible for control of the maintenance work are identified within the work 

permit system and that the work is properly authorised by a responsible person; 

Whether the work permit system is managed, regularly inspected and reviewed 

Major hazards could arise from the following: 

Wrong type of work permit used; 

Wrong information about work required on the work permit; 

Failure to recognise the hazards where work is carried out (e.g. flammable substances); 

Introduction of ignition source in controlled flameproof area (e.g. welding, non spark-proof tools, non- 

intrinsically safe equipment used in intrinsically safe zones); 

Terms of work permit not adhered to (e.g. failure to isolate plant and/or drain lines of hazardous 

substances); 

Failure to hand-over plant in safe condition on completion of work/cancelling of work permit; 

Unauthorised staff performing work permit functions; 

Poor management of the work permit system; and 

Insufficient monitoring of the work permit system. 



11. Training 

Issues surrounding training and how it can be used to minimise the foreseeable risks of a major accident 

The following issues may contribute towards a major accident or hazard: 

Operation of plant carried out incorrectly; 

Maintenance of plant carried out incorrectly; 

Unauthorized maintenance carried out by unauthorised persons; 

Unable to recognise hazardous situations; 

Not understanding and fulfilling the requirements of a work permit system; 

Not understanding how to use the technologies in place that control hazardous operations; 

Incompetent staff designing and operating hazardous processes; and 

Not knowing the safety procedures to following in the event of a major accident and hazard 

(sounding alarms, communication routes, emergency evacuation procedures, fire assembly points). 

Major hazards could arise from the following: 

Incompetently managed safety management systems; 

Unauthorised employees carrying out hazardous tasks; 

Hazardous processes performed by incompetent process operators; 

Maintenance being performed incompetently; and 

Non-compliance with quality and safety procedures. 

12. Active / passive fire protection 

Active fire protection systems such as water sprinkler and spray systems are widely used in the process 

industries for protection of storage vessels, process plant, loading installations and warehouses. The 

duty of the fire protection system may be to extinguish the fire, control the fire, or provide exposure 

protection to prevent domino effects. 

Passive fire protection can provide an effective alternative to active systems for protecting against 

vessel failure. This generally consists of a coating of fire resistant insulating media applied to a vessel 

or steel surface. 

It is often used where water or other active protection media supplies are inadequate, such as in remote 

locations, or where there are difficulties with handling fire water run-off. 

Fire walls are another form of passive fire protection that are used to prevent the spread of fire and the 

exposure of adjacent equipment to thermal radiation. 

13. Emergency response / spill control 

Emergency response and spill control measures that can be adopted in plant operation to ensure safe operation. 

The on-site emergency plan, prepared should address procedures for dealing with emergency situations 

involving loss of containment in general terms. 

Containing and controlling incidents so as to minimise the effects and to limit danger to persons, the 

environment and property; 

Implementing the measures necessary to protect persons and the environment; 



Description of the actions which should be taken to control the conditions at events and to limit their 

consequences, including a description of the safety equipment and resources available; 

Arrangements for training staff in the duties they will be expected to perform; 

Arrangements for informing local authorities and emergency services; and Arrangements for providing 

assistance with off-site mitigatory action 

Process specific emergency spill kits (acid, alkali, solvent, toxic etc) and appropriate personal 

protective equipment should be readily available with supporting procedures. These spill kits should be 

maintained on a regular basis to ensure that they are always available and fit for purpose. This ensures 

that the most appropriate measure is at hand to deal with a spill or fire in the most effective way. 

Availability of neutralising substances / foam 

14.Emergency Isolation 

The facility to be able to close strategically located valves and isolate sections of plant following a 

breach of containment is a key Technical Measure 

Large numbers of isolation valves may result in operational difficulties and indeed can introduce new 

hazards. However, the absence of isolation valves needs to be justified by the implementation of 

alternative measures that are at least as effective, and ALARP for the circumstances . 

The Operator of a Hazardous installation has to ensure that residual risks are made ALARP 

15. Secondary containment 

Secondary containment is used on plant as a second line of defence for preventing, controlling or mitigating 

major hazards events. It can take a number of forms, the most common are- 

Drip trays 

Interceptors/Sumps 

Concentric pipes 

 

Drip trays : 

They are often used beneath equipment liable to small leaks, such as pumps, in process buildings and are 

effectively mini-bunds. They are intended to prevent the spread of toxic or flammable substances to other plant 

areas or to sumps and drains where secondary effects resulting in a major accident could occur by domino 

effect. 

Interceptors/sumps 

Design of drainage systems both within and outside process buildings should take account of the need 

to segregate spillages of hazardous materials. 

For process effluents arising from leaks or plant washdown, good practice is to provide a local sump 

which is sampled before emptying. Such sumps normally incorporate level indicators/alarms for 

monitoring 

Expansion systems 

Expansion systems are used to prevent pressure build up, leading to loss of containment, in the event of 

overfilling or temperature increases. They are used mainly on liquefied gas storage systems, and long 

runs of pipelines 

Long pipelines containing liquids that have a high coefficient of expansion should be provided with 

relief systems or expansion chambers to prevent loss of containment due to overpressure 



Relief systems should be discharged into expansion vessels or off gas treatment plant if discharge rates 

are within the design limits for such systems. Expansion chambers should have a capacity of 20% of 

the pipeline volume. Chlorine is a particular case to consider. Codes of practice recommend pressure 

relief valves or bursting discs for liquid chlorine pipelines venting to the expansion vessel or use of 

expansion chambers 

Concentric pipes 

Pipes are sometimes provided with an outer shell or secondary pipe to protect against loss of 

containment 

Such methods are used in particular to protect pipes of less robust materials of construction such as 

glass or plastic which are being used for very corrosive substances e.g. bromine, strong acids. The 

outer pipe may be of much stronger material, e.g. steel, 

Such systems are often used where there are long runs of pipe on overhead pipebridges. Pipes can be 

sloped to allow drainage to a collection pot provided with level detection/alarms 

Measurement methods for determining integrity of pipelines 

These include: 

Magnetic Flux Leakage (MFL) tools; 

Transverse Flux Inspection (TFI) tools; 

Compression Wave Ultrasonic Inspection tools; 

Shear Wave Ultrasonic Inspection tools; 

Geometry (Caliper) tools; 

Hydrostatic testing; Pressure test 

Direct Assessment; - (SCCDA) 

Close Interval Surveys 

Direct Assessment; - data collection and analysis, indirect inspection, direct examination, and post- 

assessment evaluation 

Stress corrosion cracking direct assessment (SCCDA) 

Operators use direct assessment not only to find existing corrosion defects but also to prevent future 

corrosion problems 

In-Line Inspections (Smart Pig) 

The pipeline industry has, for many years, used scrubbing and scraping devices to clean the inside of 

their piping systems. These devices – called “pigs” – reduce build-up of waxes and other contaminants 

along the pipe’s interior 

Smart pig program. Internal, electronic inspection devices, called smart pigs, are used to detect any 

anomalies. .These Sophisticated and sensitive in-line inspection (ILI) tools travel through the pipe and 

measure and record irregularities that may represent corrosion, cracks, laminations, deformations 

(dents, gouges, etc.), or other defects. Because they run inside the pipe in a manner similar to the 

scrubbing and scraping devices known as pigs, these in-line inspection tools are often referred to as 

smart pigs.” 

Salient features while handling Transmission pipelines- 

The entire stretch of the pipelines has to be properly fenced, and the pumping station would be manned 

round the clock. 



The lines are to be buried with a minimum cover of 1.2 m . 

At road crossings, the lines have to be laid with a minimum cover of 1.5 m through Hume pipe 

protection using horizontal boring/trenching technique. 

At railway crossings, casing pipe protection as per the norms of Indian Railways has to be provided. 

Minimum cover shall be 1.5 m. 

The casing pipe shall also be protected with anti-corrosive coating. Pipeline insulators will be used to 

support the carrier pipe inside the casing pipe and electrically isolate the carrier pipe from the casing 

pipe. 

River crossings shall be below the scour bed with a minimum cover of 4 m. Isolation valves with valve 

chamber shall be provided at upstream and downstream of major water crossings. 

Anti-buoyancy concrete weight coating will be provided on the pipelines in the water logged areas and 

river crossings to prevent lifting up of pipes due to buoyancy. 

The buried lines will be protected with anticorrosive coal tar based coating and the entire section of the 

pipelines would be provided with cathodic protection. 

All butt weld joints will be 100 % radio graphically examined and fillet weld will be subjected to dye 

penetration test and ultrasonic inspection. 

The main lines will be provided with pressure indicators, temperature indicator, turbine type flow 

meter. 

The flow meter will have indicator, integrator and low and high flow alarms. The flow meters are 

provided as part of the leak detection system. 

Thermal relief valves will also be provided at various locations. 

A panel indicator, a turbine flow meter with indicator, integrator and low and high flow alarms will be 

provided in the discharge line of the pumps. 

The smooth and safe operation of the systems will be ensured by incorporating a computerized” 

Supervisory Control and Data Acquisition “ (SCADA) system. 

Any leakage in the pipeline will be immediately detected by the computer system and pumping of the 

fluid can be immediately cut off. 

The entire lines will be tested hydrostatically at 1.25 times the design pressure. The sections for 

crossing road, rail and river shall be pre-tested before erection. 

Motor operated valves (MOV) shall be provided at critical locations along the pipeline some of which 

are connected to the interlock system. 

These valves can also be operated from remote location. This will ensure quick isolation of the 

pipeline during emergency 

Communication between tanker berth, booster pumping station, and the marketing terminal is also 

achieved through SCADA. This will be in addition to telephones. 

Regular patrolling of the pipelines should be carried out especially when the transfer operation is in 

progress 

At locations where the pipelines / pipe racks are close to traffic movement, adequate crash guards may 

be provided. 

The pipelines should be subjected to hydro test at least once in 5 years. 



 



 

 

 

 
 

 
 

 

Punch and shear machines 
 

These machines can perform a number of functions, including shearing, punching, 

notching or bending. 
 
 

On larger machines, operations may be disconnected from the prime mover while it isn’t in use. However, 

usually the machine in use and a number of tools nearby will operate at the same time. If the punch and 

shear is large enough, two operators may work together, using two pedals without interference. 

 

Modern punch and shear machines have hydraulic prime movers. In older machines, the energy driving the 

tool is stored in a revolving flywheel. A clutch connects the flywheel to the crankshaft, which in turn drives 

the tool. At the start of the stroke the operator engages the clutch to connect the flywheel energy to the 

crankshaft. A key clutch connects the flywheel and tool for one revolution of the flywheel. 

 

In hydraulic machines, energy for the tool comes from pressure in a hydraulic ram. Hydraulic oil flows into 

the ram, controlling whether the tools moves, or how fast. 

 
 

 

Figure 1: Punch and shear machine 



 

 

 
Personal protective equipment (PPE) 

 
Ear protection 

Eye protection 

 
Contact with tools 

 

 
 

 
 

Tasks 

Task – Load/unload materials 

 
HAZARD 

 

 
 
 

HARM 

 
Hazards 

 
Contact with tools 

Heavy lifting 

Contact or impact from moving parts/ejected tools 

Noise 

Slips, trips and falls 

Contact or impact from unexpected movement (during maintenance, cleaning & repairs) 



 

 

 
Deep cuts or amputation of fingers or hands 

Crush injuries 

 
FIX (hinged) guarding to prevent access to cutting area. 

FIT a presence sensing device that stops the machine when entry is detected. 

FIT guide bars to reduce the need for viewing the workpiece, but still allowing it to be placed 

correctly. 

RESTRICT workpiece size to the minimum safe size. 

ISOLATE point of closure at the tool set in use. 

 
Heavy lifting 

 
Strain injury 

 

 
 
 

CONTROLS 

 

 

Tools can cause serious harm to the operator, particularly if the operator is trying to hold small workpieces 

too close to tool parts. 

 
 

 
HAZARD 

 

 
 
 

HARM 

 



 

 

 
PROVIDE supports for larger workpieces. 

Metal cut-offs should fall into a bin for collection. 

 
Contact or impact from moving parts/ ejected tools 

 
Bruising 

Fractures 

Piercing injuries 

Cuts 

 
FOLLOW manufacturer’s guidance for working with toughened steels. 

Design SHOULD: 

ENSURE tools are interlocked (for older mechanical machines) to prevent unexpected 

movement 

ENSURE that shutting down the main source of power prevents unsafe operation 

ALLOW sole operation, so that no-one else needs to approach the machine. 

COVER pedals to prevent unintentional stroke starts. 

CONTROLS 

 

 
 
 

Task – Machine operation 

 
HAZARD 

 

 
 
 

HARM 

 

 
 
 

CONTROLS 

 

 

Broken tooling can eject from the machine, becoming a projectile. 

Metal pieces may move or change shape as they are worked on. 

 

 

Task – Load/unload materials 



 

 

 
Contact with tools 

 
Deep cuts or amputation of fingers or hands 

Crush injuries 

 
FIX (hinged) guarding to prevent access to cutting area. 

FIT a presence sensing device that stops the machine when entry is detected. 

FIT guide bars to reduce the need for viewing the workpiece, but still allowing it to be placed 

correctly. 

RESTRICT workpiece size to the minimum safe size. 

ISOLATE point of closure at the tool set in use. 

 
Noise 

 
Hearing damage or loss 

HAZARD 

 

 
 
 

HARM 

 

 
 
 

CONTROLS 

 

 
 
 

Other (non-mechanical) hazards 

 
HAZARD 

 

 
 
 

HARM 

 

 
 
 

CONTROLS 



 

 

 
Slips, trips and falls 

 
Trapping 

Cuts 

Bruising 

 
KEEP up-to-date housekeeping procedures. 

KEEP the area around shear clear of slip and trip hazards. 

 
Contact or impact from unexpected movement 

 

 
 

A safe noise level over an eight hour day is 85dB(A). A punch and shear machine may exceed this noise 

intensity. 

 
 

 
HAZARD 

 

 
 
 

HARM 

 

 
 
 

CONTROLS 

 

 
 
 

Task – Maintenance, cleaning & repairs 

 
HAZARD 

 

 
 
 

HARM 

 
REDUCE noise level by isolating machines or enclosing within noise barriers. 

ASSESS noise levels. 

ARRANGE hearing screenings. 

ALWAYS WEAR hearing protection. 



 

 

 
LOCK-OUT all power supplies before maintenance, cleaning & repairs. 

KEEP written safety procedures. 

ARRANGE regular inspections by a competent person. 

REMOVE or LOCK-OUT machines that fail inspection, and DO NOT USE until repaired or 

replaced. 

After any alterations, a new hazard assessment MUST be carried out, and safety 

improvements made. 

 

 
 
 
 

CONTROLS 

 

 

 
Cuts 

Crush injuries 

Bruising 

Fractures 



SAFETY INDUCTION, EDUCATION, AND TRAINING 

The safety induction program is a medium to introduce the new workers about the site or 

workplace. The safety induction program is very important for new workers/employees, in this 

induction program, new workers/employees are given information about the site/workplace. In 

this program, the workers are told about the work to be done on the site and what is the 

danger/hazard in that work and their safety measures, what are the safety regulations on the 

worksite, first-Aid station location, Fire station, Emergency contact number, emergency 

assembly point, etc. 

Some mandatory points must be covered in Safety induction program: 

• Company Activity (Construction, production, maintenance, etc.) 

• Company organization structure 

• Company policy 

• Work-site/workplace layout 

• Company goal and achievement in safety 

• Safety norms/regulation at the workplace 

• Goverment law about safety 

• Major hazards and their safety measures 

• Mandatory/job-specific PPE 

• Discuss on previous accident/incident 

• Welfare facilities. 

• Emergency Assembly point 

• Emergency contact number 

• First-aid station location 

• Fire station location 

Benefits of safety induction program: 

• Workers understand the safety regulation and safety culture at work site 



• Workers are educated company policy and norms 

• Understanding of government law about safety 

• Understanding what to do at the time of emergency 

• Understanding worksite hazards and their safety measures 

• Understanding company goal about safety 

• Understanding overall safety requirements/PPE at the worksite. 

Training is one way to develop a more and efficient work force. Modern technological is a 

driving force behind today’s training, e in technical areas. Modern technology also hazards and 

suggests remedial measures1 safety training is becoming more and more essential develop a 

skilled and motivated work understand and identify hazards, to find out the appropriate safety 

measures to main working conditions and actions. Safety Training is an extension of 

educational safety programmer applied to specific activities processes .viz. industrial activities, 

work on machines chemicals etc. 

Elements of Training Cycle  

As per OSHA (Occupational Safety Act)’s training guidelines, seven chronological suggested to 

complete a training cycle. The basic element of any safety training program shows them in a 

cyclic order. 

These steps are explained as under: 

1. Determine if training is needed – The first step is to determine whether a problem can 

be solved by training. All skill deficiencies are not solvable through training and some 

other tool may be required. This step includes need of any improved (revised) training 

programme. 

2. Identify training needs – Analyze the worker’s duties and what he or she needs to 

perform the job more skilfully and safely. 

3. Identify goals and objectives – A list of Specific job knowledge and skill deficiency 

derived from step-2, will tell employers what workers should do, do better or stop 

doing. 

4. Design & Develop training programme – After listing precise objectives and goals, 

learning (training) activities must be identified and described. Type of training will be 

decided based on the training resources available to the employer, the kind of 

https://www.osha.gov/


knowledge or skills to be learned end whether the learning should be oriented towards 

physical skill or mental attitudes. 

5. Conduct the training – Now the training programme should be conducted by 

(a) providing overviews of the material to be learned and (b) relating each specific item 

of knowledge or skill to the worker’s goals, interests or experience to be learned. 

6. Evaluate programme effectiveness – By knowing trainee’s opinion, supervisor’s 

observation, work place improvement, hazard reduction, performance improvement 

etc., it should be checked whether the training has accomplished its goals. 

7. Improve the programme – Based on feedback from the workers, supervisors etc., and 

from evaluation and observing the gap, the training programme should be improved 

(revised) as per need . 

Assessment of Training Needs  

The first step of any training. process (cycle) is to be sure about the needs. Following four 

questions (approaches) should be considered: 

1. Does an actual or potential performance discrepancy exist? (Unsafe conditions, actions, 

efficiency). 

2. Is it important to the organization? (in reduction of cost of accident, hazards; losses 

etc.). 

3. Is it important to the employees? (Basic training to new employees, refresher course for 

old employees, more mistakes by workers, more accidents to them) 

4. Is it correctable through training? (If yes, then only the training becomes useful and cost 

effective). 

General training needs are assessed following grounds:  

1. New employees are not very clear about description. Therefore training is essentially 

required for them. 

2. Old employees require knowledge of new b new technology, process revision, new 

methods and forgotten old items. Training for emergency preparedness, safety audit, 

fire fighting, ha detection etc. are also necessary for them. 

3. Change of position due to promotion transfer. New position may require training. 



4. Technological changes in the organize Addition of new material, machine, method; 

process, equipment etc. create need of training. 

5. To make a person more versatile to do more one job (safety supervision, accident 

analysis and computer data feeding). 

6. When performance, productivity and efficiency fall down at any level, training may imp 

them. 

7. Supervisors/foremen feel need of training workers working under them. 

8. Records of production, turnover, accidents absenteeism, rejects, errors, wastes point 

areas of training. The safety training programme is gene needed for all the times. as an 

induction or introductory course or a refresher or ongoing. 

Course specifically needed when- 

1. New employees are recruited 

2. New plant, material, process or equipment introduced 

3. When safety procedures are evolved or up 

4. New information of hazard is received 

5. Safety performance needs to be improved 

6. The accident rates are increased 

7. Labour turnover is increased and 

8. Excessive waste, rejects and scrap are noticed Under sections 7A (2) (C) and 111 A (ii) of 

the Factories Act new provisions are added for training to ensure the health and safety 

of all workers at This is statutorily required as under. 

Every worker shall have the right to get ft within the factory or at a training centre or ins duly 

approved by the Chief Inspector, where training is imparted for worker’s health and safety at 

work. 

Four approaches are suggested to deter safety training needs as under: 

 



 Approach Content 

1. 
Common concepts 

approach. 

Assess own situation/requirement based on 

real need. 

Specific result oriented programme instead of 

general knowledge. 

2. 
Safety needs analysis 

approach. 

Job Safety Risk Analysis useful. Gap between 
job requirement knowledge and employee 

knowledge suggests training need. 

3. 
Problem Identification 

approach. 

From employee’s performance appraisal 

report, his need can be assessed and fulfilled 
by personal coaching, instructing, guiding etc. 

4. 
Organisational Safety 

survey approach. 

Classify and analyse accident and calculate 

and compare performance rates. 
Conduct hazard survey Study existing safety 

measures, interview key personnel and arrive 

at needs and deciding priorities. 

 

Techniques (Procedure) of  Safety Training 

Competence Building Technique (CBT) The concept or basic object of any training is to 

generate or build competence in participants (workers only knowledge is not sufficient. 

Knowledge alone cannot give competence or confidence of safe successful working Knowledge 

should be put into practice by necessary training. Training shows practical part of knowledge 

and generates competence of work gradually. 

Competence in safe working is necessary to advancement in technology, new process 

equipment, modification or changes, training i required to become familiar with this. Therefore 

is an online function. It should not end i slogan, suggestion, award or safety day celebration 

It should be considered as a part of continuous or ongoing activities. For this purpose, ii training 

and refresher training are organized. Communication system should be utilized multimedia and 

computers should be utilize films, pictures, hazard points, accident case etc. should be shown 

and explained during. 

A good safety training programme steps:  

1. Determine safety training needs and p by four approaches stated in above. 



2. Design training to meet the needs. The St (a) Assess training requirements (b) 

Determine training contents (c) Decide training Methods and aids (d) Organize training 

contents (e) Formulate training plan and (f) evaluations measures. 

3. Implement training process. The steps Discuss with company officials (b) administrative 

aspects and time schedule of training (c) Execute (give) training to the trainees (d) 

Monitor the programme( e) conduct review of safety training and (f) Have follow of 

trainees. 

Techniques of training are generally the ‘1 methods” winch are discussed in detail in P 

following. All these training (teaching) classified into two types of techniques off-the-job 

training techniques and on-the-job techniques: 

(A) Off-the-job training techniques: 

 Category Techniques 

1. 
Information presentation techniques 

(less involvement of trainee). 

Reading list, Correspondence course, Films, 

Lecture, Panel discussion, programmed or 

Computer based instruction. 

2. 
Information processing techniques 

(trainees are involved). 

Conference or discussion group, T (training) 

group. 

3 
Simulation techniques (experiment or 

practise). 

Incident/case, role playing, In-basket, Vestibule, 

Mock-up, Business game. 

(B) On-the-job training techniques: 

 Category Techniques 

1. Actual job assignment. Coaching, Job instruction training (JIT). 

2. Temporary job assignment. 

Special assignment on job, committee, project 

etc. Job rotation through predetermined set of 

jobs to provide exposure to different part of the 

organisation. 

 Design and Development of training programme:  

Following general points are useful in designing and developing any training programme. 



1. Motivation should be the first condition of any type of training. 

2. Number of lessons and content to teach should be well designed beforehand. Steps or 

sequence of topics should be decided. 

3. The amount to be taught in an unit (period) should not be too large or too small. 

4. An objective of the training should be decided and the training process should move 

toward it. 

5. The training procedure should be developed. A list of training aids should be prepared. 

6. The task to be performed should not be described only but it should be demonstrated in 

actual or simulated conditions. “Doing” is important than mere “Hearing” or “Seeing”. 

Practice makes perfect. 

7. The demonstration (by teacher) should be followed by the learner (trainee) as soon as 

possible before he forgets it. The teacher should be given feedback or knowledge of 

results. 

8. Questions of learners should be properly replied and discussed at all stages (steps). 

9. Ample practice opportunity should be provided and practice encouraged. 

10. Frequent and accurate knowledge with examples, pictures, practical etc., speeds up 

learning rate and motivation. 

11. The training should be taken to the point of goal and not be left unfinished. 

12. Effectiveness of the training should be evaluated and conclusion be drawn to revise 

(improve) the training programme and it should be followed in the next cycle. 

According to Gagne, any human task (including safety) can be analyzed into a set 

of component (Job Safety Analysis). The design of any training should consist: 

1. Identifying the component tasks of a performance. 

2. Ensuring (in training) that each of these is fully achieved or mastered by the learn 

3. Arranging the training of the task compo: 

in such a way that there will be positive transfer from learning of one to another. 

The design work may be done by spec designated training professionals, especially programs to 

be offered several times or left to individual instructors. 



Main design steps include 

• Set instructional objectives 

• Determining programme content and 

• Selecting instructional technique off-the-job and on-the-job training 

Training Method & Strategies  

Aspects and Goals : The training methods two aspects 

1. Theoretical or formal in the classroom an 

2. Practical or informal in the job place. There are two basic goals (a)To explain the worker 

to know the job or do it correctly and (b) To be certain that he knows how to c correctly. 

Steps: Any training method should have following steps:  

1. Lay down the objective of the training: programme. 

2. Prepare the training programme. 

3. Brief the trainee. 

4. Use audio visual aids where appropriate. 

5. Review the contents and 

6. Follow up with trainees when the programme completed. 

Effects of Methods: Effectiveness of diff training methods is given by Bird as follows: 

A trainee tends to remember 10% of what reads, 20% of what he hears, 30% of what he sees, of 

what he sees and hears, 70% – of what he sees talks and 90% of what he says as he does a 

thing. Percentage is variable depending upon one’s me power, intelligence, grasping, 

understanding susceptibility and interest in the subject. It depends upon the explanation 

power. These factors can be developed by education and training. Speaking writing, involving 

and doing are the most effective exercises to digest any subject. 

 

 

 

 

Types of Methods: Some usual methods Lecture method, discussion method, case study, play, 

project work, programmed instruction, on-the job instruction, training aids, fault analysis, 



algorithm as an aid to fault analysis, fault tree analysis, drill, demonstration, panel or group 

discussion, meeting, simulation, pictures and posters, films and closed circuit television, 

filmstrips and slides, projectors and microphones, charts, boards, and working models, 

checklists, exercise, rehearsal and use of press and other mass media. Thus methods are many 

from old to the ultramodern. Which method is the best? No one method can be named. 

Appropriate method should be selected depending upon the size, age and experience of the 

group, the amount of material, type of presentation necessary and time and money available. 

Selection of method requires skill and experience. Result of effectiveness depends upon it. 

Therefore make the best choice of the method and apply it successfully. Display of relevant 

safety posters at workplaces contribute much without saying. 

Some common methods in use are mentioned  

1. Lecture Method: Oldest arid most basic method. Well planned lectures can cover a 

large amount of information in a short time. More useful when participants are more, or 

their involvement is less required. 

2. Discussion Method: Useful with small number of people in a group. The trainer acts in a 

limited way as a scene setter or referee encouraging participants to speak out. The two-

way communication moves toward objectives. Participants are more attentive, active 

and don’t feel boredom. 

3. Case-study Method: Accident case study is presented explaining how an actual accident 

happened or an imaginary accident can happen. Causation analysis and remedial 

measures can be discussed by questions and answers. Good pictures are more useful to 

explain the situation effectively. 

4. Role playing method: It is a form of learning by doing but in a simulated situation. 

Trainees are given a situation like in case-study method but instead of just discussing it 

they resolve the problem by acting out the roles of the people involved. Here extrovert 

trainees show their skill but introvert or shy trainees unused to such situation get 

embarrassed. 

5. Business Games Method: More useful for business people and skill required for safety 

attitude or inspection in buying/selling items which are safer or with the details of 

safety. 

6. Sending at training Centres: Institutes, seminars, workshops, special courses etc. utilises 

external resources for required training. 



7. Job instruction training: Useful to train supervisors who in turn train the employees. Job 

instruction training (JIT) involves four steps (a) Preparing the trainee (b) Demonstrating 

the job (c) Having the trainee performed the job and (d) Checking frequently the 

trainee’s performance. All new job assignment should be preceded by on-the-site job 

training. Each step of job safety analysis (JSA) is explained with hazard, safe procedure 

and use of safety equipment. Use of guards and controls are also explained. 

8. Programmed instruction: Programmed instructions are given in a book from. A trainee 

learns it, answers the question or solves the problem. The system has mechanism of 

learning-checking and relearning. 

9. Project work: Project writing is given to trainees. They apply their knowledge to 

practical situation. 

10. Other methods: Job rotation, committed assignments, HRD training, sensitivity training, 

creativity training, in-basket training etc. are other specific methods. 

Types of Safety Training: 

Types of safety training are formal and informal 

Formal training may be general or specific. 

General Training includes- 

1. Induction courses for new employees. 

2. On-going safety training. 

3. Safety representative training. 

4. Supervisor training. 

5. Senior/middle management training and 

6. Direction training. 

Specific Training includes- 

1. Safety system of work for particular operations where the potential hazard is high and 

guarding is not feasible. 

2. First aid training. 

3. Specific items of plant or equipment. 



4. Use of protective equipment. 

5. Fire precautions. 

6. Safety inspection. 

7. Change of job for which a worker is not trained. 

8. Role of workers in emergency planning. 

9. Techniques of safety audit, Hazop, Hazan, FTA, ETA etc. 

10. Safety permit system. 

Some details are given below: 

1. Orientation or Induction Training: It is obvious that new employees may not be 

knowing much about the factory that they joined, its safety policy, specific raw-

materials, their characteristics, process, methods, pollution control, health check-ups, 

role in emergency planning, first-aid, fire fighting, use of personal protective equipment, 

accident record, hazards of their work, remedial measures and workplace monitoring 

etc. Therefore it is always useful to design training on such subjects for the new 

employees. This basic knowledge builds their confidence, skill and interest towards the 

work and the company both. 

2. Apprenticeship Training: A learner who has just completed his school or college 

education or is still undergoing it and agrees to work as a trainee or apprentice or 

employed under the Apprenticeship Act as an statutory requirement, is given this type 

of training. It is a combination of on the job and off-the-job training taking the strengths 

of both. Intention is to show him the practical or applied pert fitting to his type of 

education. 

3. On-the-job training is practical in nature and generally takes place on the job. Such job 

contact sessions may involve individual on one to one basis with the supervisor training 

an operator for the work he has to carry out. 

First the supervisor are trained for this purpose showing them the job safety or risk analysis. 

Then in turn they train the employees mostly new. It imparts necessary skill for the job 

involving worker to do the job systematically and safely. Injury to the trainee or the job is 

possible due to normal mistake of the trainee. Therefore its usage is limited to situations where 

mistakes can be tolerated: Airline pilots and Surgeons are allowed on the job practice only after 

their skills have been sharpie honed using off the job simulation techniques. 

https://rlshumancare.com/safety-report-safety-audit-report-and-risk-assessment-report/
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Some methods used in this type of training are coaching (personal attention), job instruction 

training (JIT), special assignment and job rotation. 

It is supervisor’s or training instructor’s responsibility to train the employees under him for safe 

methods, machine guarding, identification of hazards in each step and its remedial measure, 

need and use of safety equipment, avoidance of shortcut, hasty actions, overconfidence etc. 

4. Off-the-job training: All types except on-the-job are called off-the-job training. It 

includes class room or lecture method, audio-visual, film, reading list, books, 

correspondence course, panel discussion, conference or discussion group, T (training) 

group, computer based instruction, case study, role playing, in-basket, vestibule, mock-

up, business game etc. and explained as “training methods” earlier. 

5. Vestibule Training: It is an approach between on-the-job and off-the-job training and 

used when the job is dangerous and can harm the trainee if taught on the job. The 

training takes place away from the actual work place but the equipment and procedure 

to be followed are similar to be used on the job. 

Evaluation & Reviewing of Training Programme 

An evaluation i.e. measurement of effectiveness or result of the training programme conducted 

useful in reviewing the programme content, method aid and redesigning the programme as per 

feed for improvement. An effective training program should show: 

1. Increase in quantity and quality of production. 

2. Increase in production rate. 

3. Increase in knowledge, skill and ability about performance. 

4. Increase in job satisfaction and motivation. 

5. Decrease in accident rate. 

6. Decrease in production time, breakage or u consumable items. 

7. Decrease in absenteeism. 

8. Decrease in labour turnover. 

9. Decrease in job turnover. 

10. Decrease in operational cost. 



11. Refinement of human behaviour tow intended objective or goal viz, safety 

outlook interest and safety mindedness, production quality orientation etc. 

The benefits of value measurement of safety training programme are:  

1. The top management understands useful and cost effectiveness (in relation to accident 

costs) of the training programme. 

2. Confidence, morale, skill, status, prestige of the employees and the company itself are 

improved. 

3. Most effective loss prevention measures ca segregated for repetition. 

4. Strengths and weakness are highlighted suggest the steps for next programme. 

5. Safety professional can find out and promote most effective programmes. 

6. It can be determined whether objectives! Goals are met and reason of gap if any. This is 

useful in reviewing the programs. 

For evaluation participant and/or supervisors reaction should be assessed through interviews 

or questionnaires. Following questions are useful in such assessment. 

1. How much change occurred? The criteria include knowledge, attitudes, skills, 

behavioural change on the job and/or improvements or decrements in organizational 

results. These criteria can be measured by paper and pencil tests, questionnaires, work 

sample tests, timings of performance etc. 

2. Can the change attributed to the training programme? 

3. Was the training worth the effort? Here cost of training is justified against gain to the 

organization. 

4. Whether employee development needs are fulfilled? 

This can be judged through effectiveness, efficiency and affirmative action and helps to guide 

decisions concerning planning, programming and budgeting. 

Assessment is carried out by using Rating, standards and rating norms (poor, fair, and good, 

excellent) are prescribed and marks are given. Activity standards can be decided for (1) 

Organization & Administration (2) Industrial hazard control (3) Fire control (4) Health and 

Hygiene (5) Participation, motivation and training (6) Accident investigation, statistics & 

reporting procedure etc. 



 

 



Construction Site Safety 

Construction work is a hazardous land-based job. Some construction site jobs include: building houses, 

roads, tree forts, workplaces and repair and maintain infrastructures. This work includes many 

hazardous task and conditions such as working with height, excavation, noise, dust, power tools and 

equipment. The most common fatalities are caused by the fatal four: falls, being struck by an object, 

electrocutions, and being caught in between two objects.Construction work has been increasing in 

developing and undeveloped countries over the past few years. With an increase in this type of work 

occupational fatalities have increased. Occupational fatalities are individuals who die while on the job or 

performing work related tasks.Within the field of construction it is important to have safe construction 

sites. 

Hazards 

The leading safety hazards on construction sites include falls, being caught between objects, 

electrocutions, and being struck by objects.These hazards have caused injuries and deaths on 

construction sites throughout the world. Failures in hazard identification are often due to 

limited or improper training and supervision of workers. Areas where there is limited training 

include tasks in design for safety, safety inspection, and monitoring safety. Failure in any of 

these areas can result in an increased risk in exposing workers to harm in the construction 

environment. 

Falls are the leading cause of injury in the construction industry, in particularly for elder and 

untrained construction workers. In the Occupational Safety and Health Administration (OSHA) 

Handbook (29 CFR) used by the United States, fall protection is needed in areas including but 

not limited to ramps, runways, and other walkways; excavations; hoist areas; holes; form-work; 

leading edge work; unprotected sides and edges; overhand bricklaying and related work; 

roofing; precast erection; wall openings; floor openings such as holes; residential construction; 

and other walking/working surfaces. Other countries have regulations and guidelines for fall 

protections to prevent injuries and deaths. 

Motor vehicle crashes are another major safety hazard on construction sites. It is important to 

be cautious while operating motor vehicles or equipment on the site. A motor vehicle should 

have a service brake system, emergency brake system, and a parking brake system. All vehicles 

must be equipped with an audible warning system if the operator chooses to use it. Vehicles 

must have windows and doors, power windshield wipers, and a clear view of site from the rear 

window. All employees should be properly trained before using motor vehicles and equipment. 

Employees on construction sites also need to be aware of dangers on the ground. Cables 

running across roadways were often seen until cable ramp equipment was invented to protect 

hoses and other equipment which had to be laid out. Another common hazard that workers 



may face is overexposure to heat and humidity in the environment. Overexertion in this type of 

weather can lead to serious heat-related illnesses such as heat stroke, heat exhaustion, 

and heat cramps. Other hazards found on construction site include asbestos, solvents, noise, 

and manual handling activities. 

Road Construction 

The American Recovery and Reinvestment Act of 2009 created over 12,600 road construction 

projects, over 10,000 of which were in progress as of 2010. Workers in highway work zones are 

exposed to a variety of hazards and face risk of injury and death from construction equipment 

as well as passing motor vehicles. Workers on foot are exposed to passing traffic, often at high 

speeds, while workers who operate construction vehicles are at risk of injury due to overturn, 

collision, or being caught in running equipment. Regardless of the task assigned, construction 

workers work in conditions in poor lighting, poor visibility, inclement weather, congested work 

areas, high volume traffic and speeds. In 2011, there were a total of 119 fatal occupation 

fatalities in road construction sites. In 2010 there were 37,476 injuries in work zones; about 

20,000 of those were to construction workers. Causes of road work site injuries included being 

struck by objects, trucks or mobile equipment (35%), falls or slips (20%), overexertion (15%), 

transportation incidents (12%), and exposure to harmful substances or environments (5%). 

Causes of fatalities included getting hit by trucks (58%), mobile machinery (22%), and 

automobiles (13%). 

Road construction safety remains a priority among workers. Several states have implemented 

campaigns addressing construction zone dangers and encouraging motorists to use caution 

when driving through work zones. 

National Work Zone Safety Awareness Week is held yearly. The national event began in 1999 

and has gained popularity and media attention each year since. The purpose of the event is to 

draw national attention to motorist and worker safety issues in work zones. 

Hazard Controls 

Site preparation aids in preventing injury and death on construction sites. Site preparation 

includes removing debris, leveling the ground, filling holes, cutting tree roots, and marking gas, 

water, and electric pipelines. Another prevention method on the construction site is to provide 

a scaffold that is rigid and sufficient to carry its own weight plus four times the maximum 

intended load without settling or displacement. 

Ways to prevent injuries and improve safety include: 

• Management safety 



• Integrate safety as a part of the job 

• Create accountability at all levels 

• Take safety into account during the project planning process 

• Make sure the contractors are pre-qualified for safety 

• Make sure the workers are properly trained in appropriate areas 

• Have a fall protection system 

• Prevent and address substance abuse to employees 

• Review accidents and near misses, as well as regular inspections 

• Innovative safety training, e.g. adoption of virtual reality in training 

• Replace some of the works by robots (many workers may worry that this will decrease 

their employment rate) 

• Adoption of BIM with three dimensional printing to make the building model first before 

put into real practice 

The employees or employers are responsible for providing fall protection systems and to ensure 

the use of systems. Fall protection can be provided by guardrail systems, safety net systems, 

personal fall arrest systems, positioning device systems, and warning line systems. Making sure 

that ladders are long enough to safely reach the work area to prevent injury. Stairway, treads, 

and walkways must be free of dangerous objects, debris and materials. A registered 

professional engineer should design a protective system for trenches 20 feet deep or greater 

for safety reasons. To prevent injury with cranes, they should be inspected for any damage. The 

operator should know the maximum weight of the load that the crane is to lift. All operators 

should be trained and certified to ensure that they operate forklifts safely. 

Operational Excellence Model to improve safety for construction organizations 

There are 13 safety drivers associated with this model to improve safety for construction 

organizations: 

1. Recognition & Reward 

2. Employee Engagement 

3. Subcontractor Management 



4. Training & Competence 

5. Risk Awareness, Management & Tolerance 

6. Learning Organization 

7. Human Performance 

8. Transformational Leadership 

9. Shared Values, Beliefs, and Assumptions 

10. Strategic Safety Communication 

11. Just & Fair Practices and Procedures 

12. Worksite Organization 

13. Owner's Role 

Education and safety 

Construction workers need to be properly trained and educated on the task or job before 
working, which will assist in preventing injuries and deaths. There are many methods of training 
construction workers. One method is coaching construction site foremen to include safety in 
their daily verbal exchanges with workers to reduce work-related accidents.[19] It is important 
that the workers use the same language to assure the best communication. In recent years, 
apart from traditional face to face safety knowledge sharing, mobile apps also make knowledge 
sharing possible.  

Another method is ensuring that all workers know how to properly use electronics, 
conveyors, skid-steer, trucks, aerial lifts, and other equipment on the construction 
site. Equipment on the job site must be properly maintained and inspected regularly before and 
after each shift. The equipment inspection system will help the operator make sure that a 
machine is mechanically sound and in safe operating conditions. An employee should be 
assigned to inspect equipment to insure proper safety. Equipment should have lights and 
reflectors if intended for night use. The glass in the cab of the equipment must be safety glass 
in some countries. The equipment must be used for its intended task at all times on the job site 
to insure workers' safety. 

Each construction site should have a construction site manager. This is an occupational health 
and safety specialist who designs and implements safety regulations to minimize injuries and 
accidents. He or she also is in charge of conducting daily safety audits and inspections to ensure 
compliance with government regulations. Most construction site managers have an entry level 
experience or higher degree. 

 



Before any excavation takes place, the contractor is responsible for notifying all applicable 
companies that excavation work is being performed. During excavation, the contractor is 
responsible for providing a safe work environment for employees and pedestrians. 

Access and egress are also important parts of excavation safety.[41] Ramps used by equipment 
must be designed by a person qualified in structural design.[41] No person is allowed to cross 
underneath or stand underneath any loading or digging equipment. Employees are to remain at 
a safe distance from all equipment while it is operational. Employees who have training and 
education in the above areas will benefit their co-workers and themselves on the construction 
site. 

National Safety Stand Down 

Every spring in the United States, many safety organizations sponsor a voluntary week-long 

campaign to raise awareness about falls in construction, the leading cause of death for 

construction workers.This event provides employers the opportunity to discuss safety hazards 

such as falls and how to prevent them. Even if a company doesn't have employees exposed to 

fall hazards, the safety awareness campaign can still be used to discuss other job hazards, 

prevention methods, and company safety policies. 

In 2016, falls from elevation caused 92 of the 115 fatalities in the roofing industry as well as 384 

of the 991 overall construction fatalities recorded.In 2016, falls from elevation were the leading 

cause of construction worker deaths in the U.S., fatally injuring more than 310 construction 

workers seriously injuring another 10,350 by falls from elevation. In 2016, the main causes of 

these construction related fall fatalities were falls from roofs (124), ladders (104), and scaffolds 

(60). Eighty one percent of deaths from roofs occur in the construction industry, 57% of deaths 

from ladders occur in the construction industry, and 86% of deaths from scaffolds occur in the 

construction industry 

Personal protective equipment 

Hard hats, steel-toe boots and reflective safety vests are perhaps the most common personal 

protective equipment worn by construction workers around the world. A risk assessment may 

deem that other protective equipment is appropriate, such as gloves, goggles, or high-visibility 

clothing. 

Hazards and hazard controls for non-workers 

Many construction sites cannot completely exclude non-workers. Road construction sites must 

often allow traffic to pass through. This places non-workers at some degree of risk.Road 

construction sites are blocked off and traffic is redirected. The sites and vehicles are protected 

by signs and barricades. However, sometimes even these signs and barricades can be a hazard 

to vehicle traffic. For example, improperly designed barricades can cause cars that strike them 



to roll over or even be thrown into the air. Even a simple safety sign can penetrate the 

windshield or roof of a car if it strikes from certain angles. 

The majority of deaths in construction are caused by hazards relating to construction activity. 

However, many deaths are also caused by non construction activities, such as electrical hazards. 

A notable example of this occurred when Andy Roberts, a father of four, was killed in 1988 in 

New York while changing a light bulb at a construction site when he came into contact with a 

loose bare wire that was carrying two thousand volts of electricity and died. Events like this 

have motivated the passing of further safety laws relating to non construction activities. 

Scaffolding 

Hazard: When scaffolds are not erected or used properly, fall hazards can occur. About 2.3 

million construction workers frequently work on scaffolds. Protecting these workers from 

scaffold-related accidents would prevent an estimated 4,500 injuries and 50 fatalities each 

year. 

Solutions: 

▪ Scaffold must be sound, rigid and sufficient to carry its own weight plus four times the 

maximum intended load without settling or displacement. It must be erected on solid 

footing. 

▪ Unstable objects, such as barrels, boxes, loose bricks or concrete blocks must not be 

used to support scaffolds or planks. 

▪ Scaffold must not be erected, moved, dismantled or altered except under the 

supervision of a competent person. 

▪ Scaffold must be equipped with guardrails, midrails and toeboards. 

▪ Scaffold accessories such as braces, brackets, trusses, screw legs or ladders that are 

damaged or weakened from any cause must be immediately repaired or replaced. 

▪ Scaffold platforms must be tightly planked with scaffold plank grade material or 

equivalent. 

▪ A "competent person" must inspect the scaffolding and, at designated intervals, 

reinspect it. 

▪ Rigging on suspension scaffolds must be inspected by a competent person before each 

shift and after any occurrence that could affect structural integrity to ensure that all 

connections are tight and that no damage to the rigging has occurred since its last use. 



▪ Synthetic and natural rope used in suspension scaffolding must be protected from heat-

producing sources. 

▪ Employees must be instructed about the hazards of using diagonal braces as fall 

protection. 

▪ Scaffold can be accessed by using ladders and stairwells. 

▪ Scaffolds must be at least 10 feet from electric power lines at all times. 

Fall Protection 

Hazard: Each year, falls consistently account for the greatest number of fatalities in the 

construction industry. A number of factors are often involved in falls, including unstable 

working surfaces, misuse or failure to use fall protection equipment and human error. Studies 

have shown that using guardrails, fall arrest systems, safety nets, covers and restraint systems 

can prevent many deaths and injuries from falls. 

Solutions: 

▪ Consider using aerial lifts or elevated platforms to provide safer elevated working 

surfaces; 

▪ Erect guardrail systems with toeboards and warning lines or install control line systems 

to protect workers near the edges of floors and roofs; 

▪ Cover floor holes; and/or 

▪ Use safety net systems or personal fall arrest systems (body harnesses). 

Ladders 

Hazard: Ladders and stairways are another source of injuries and fatalities among construction 

workers. OSHA estimates that there are 24,882 injuries and as many as 36 fatalities per year 

due to falls on stairways and ladders used in construction. Nearly half of these injuries were 

serious enough to require time off the job. 

Solutions: 

▪ Use the correct ladder for the task. 

▪ Have a competent person visually inspect a ladder before use for any defects such as: 

o Structural damage, split/bent side rails, broken or missing rungs/steps/cleats and 

missing or damaged safety devices; 



o Grease, dirt or other contaminants that could cause slips or falls; 

o Paint or stickers (except warning labels) that could hide possible defects 

. 

▪ Make sure that ladders are long enough to safely reach the work area. 

▪ Mark or tag ("Do Not Use") damaged or defective ladders for repair or replacement, or 

destroy them immediately. 

▪ Never load ladders beyond the maximum intended load or beyond the manufacturer's 

rated capacity. 

▪ Be sure the load rating can support the weight of the user, including materials and tools. 

▪ Avoid using ladders with metallic components near electrical work and overhead power 

lines. 

Stairways 

Hazard: Slips, trips and falls on stairways are a major source of injuries and fatalities among 

construction workers. 

Solutions: 

▪ Stairway treads and walkways must be free of dangerous objects, debris and materials. 

▪ Slippery conditions on stairways and walkways must be corrected immediately. 

▪ Make sure that treads cover the entire step and landing. 

▪ Stairways having four or more risers or rising more than 30 inches must have at least 

one handrail. 

Trenching 

Hazard: Trench collapses cause dozens of fatalities and hundreds of injuries each year. 

Trenching deaths rose in 2003. 

Solutions: 

▪ Never enter an unprotected trench. 

▪ Always use a protective system for trenches feet deep or greater. 



▪ Employ a registered professional engineer to design a protective system for trenches 20 

feet deep or greater. 

▪ Protective Systems: 

o Sloping to protect workers by cutting back the trench wall at an angle inclined 

away from the excavation not steeper than a height/depth ratio of 11 2 :1, 

according to the sloping requirements for the type of soil. 

o Shoring to protect workers by installing supports to prevent soil movement for 

trenches that do not exceed 20 feet in depth. 

o Shielding to protect workers by using trench boxes or other types of supports to 

prevent soil cave-ins. 

▪ Always provide a way to exit a trench--such as a ladder, stairway or ramp--no more than 

25 feet of lateral travel for employees in the trench. 

▪ Keep spoils at least two feet back from the edge of a trench. 

▪ Make sure that trenches are inspected by a competent person prior to entry and after 

any hazard-increasing event such as a rainstorm, vibrations or excessive surcharge 

loads. 

Cranes 

Hazard: Significant and serious injuries may occur if cranes are not inspected before use and if 

they are not used properly. Often these injuries occur when a worker is struck by an overhead 

load or caught within the crane's swing radius. Many crane fatalities occur when the boom of a 

crane or its load line contact an overhead power line. 

Solutions: 

▪ Check all crane controls to insure proper operation before use. 

▪ Inspect wire rope, chains and hook for any damage. 

▪ Know the weight of the load that the crane is to lift. 

▪ Ensure that the load does not exceed the crane's rated capacity. 

▪ Raise the load a few inches to verify balance and the effectiveness of the brake system. 

▪ Check all rigging prior to use; do not wrap hoist ropes or chains around the load. 



▪ Fully extend outriggers. 

▪ Do not move a load over workers. 

▪ Barricade accessible areas within the crane's swing radius. 

▪ Watch for overhead electrical distribution and transmission lines and maintain a safe 

working clearance of at least 10 feet from energized electrical lines. 

Hazard Communication 

Hazard: Failure to recognize the hazards associated with chemicals can cause chemical burns, 

respiratory problems, fires and explosions. 

Solutions: 

▪ Maintain a Material Safety Data Sheet (MSDS) for each chemical in the facility. 

▪ Make this information accessible to employees at all times in a language or formats that 

are clearly understood by all affected personnel. 

▪ Train employees on how to read and use the MSDS. 

▪ Follow manufacturer's MSDS instructions for handling hazardous chemicals. 

▪ Train employees about the risks of each hazardous chemical being used. 

▪ Provide spill clean-up kits in areas where chemicals are stored. 

▪ Have a written spill control plan. 

▪ Train employees to clean up spills, protect themselves and properly dispose of used 

materials. 

▪ Provide proper personal protective equipment and enforce its use. 

▪ Store chemicals safely and securely. 

Forklifts 

Hazard: Approximately 100 employees are fatally injured and approximately 95,000 employees 

are injured every year while operating powered industrial trucks. Forklift turnover accounts for 

a significant number of these fatalities. 

Solutions: 



▪ Train and certify all operators to ensure that they operate forklifts safely. 

▪ Do not allow any employee under 18 years old to operate a forklift. 

▪ Properly maintain haulage equipment, including tires. 

▪ Do not modify or make attachments that affect the capacity and safe operation of the 

forklift without written approval from the forklift's manufacturer. 

▪ Examine forklift truck for defects before using. 

▪ Follow safe operating procedures for picking up, moving, putting down and stacking 

loads. 

▪ Drive safely--never exceed 5 mph and slow down in congested or slippery surface areas. 

▪ Prohibit stunt driving and horseplay. 

▪ Do not handle loads that are heavier than the capacity of the industrial truck. 

▪ Remove unsafe or defective forklift trucks from service. 

▪ Operators shall always wear seatbelts. 

▪ Avoid traveling with elevated loads. 

▪ Assure that rollover protective structure is in place. 

▪ Make certain that the reverse signal alarm is operational and audible above the 

surrounding noise level. 

Head Protection 

Hazard: Serious head injuries can result from blows to the head. 

Solution: 

▪ Be sure that workers wear hard hats where there is a potential for objects falling from 

above, bumps to their heads from fixed objects, or accidental head contact with 

electrical hazards. 

Personal Protective Equipment (PPE) 

Eye and Face Protection 



▪ Safety glasses or face shields are worn anytime work operations can cause foreign 

objects getting into the eye such as during welding, cutting, grinding, nailing (or when 

working with concrete and/or harmful chemicals or when exposed to flying particles). 

▪ Eye and face protectors are selected based on anticipated hazards. 

▪ Safety glasses or face shields are worn when exposed to any electrical hazards including 

work on energized electrical systems. 

Foot Protection 

▪ Construction workers should wear work shoes or boots with slip-resistant and puncture-

resistant soles. 

▪ Safety-toed footwear is worn to prevent crushed toes when working around heavy 

equipment or falling objects. 

Hand Protection 

▪ Gloves should fit snugly. 

▪ Workers wear the right gloves for the job (for example, heavy-duty rubber gloves for 

concrete work, welding gloves for welding, insulated gloves and sleeves when exposed 

to electrical hazards). 

Head Protection 

▪ Workers shall wear hard hats where there is a potential for objects falling from above, 

bumps to their heads from fixed objects, or of accidental head contact with electrical 

hazards. 

▪ Hard hats are routinely inspected for dents, cracks or deterioration. 

▪ Hard hats are replaced after a heavy blow or electrical shock. 

▪ Hard hats are maintained in good condition. 

Scaffolding 

▪ Scaffolds should be set on sound footing. 

▪ Damaged parts that affect the strength of the scaffold are taken out of service. 

▪ Scaffolds are not altered. 



▪ All scaffolds should be fully planked. 

▪ Scaffolds are not moved horizontally while workers are on them unless they are 

designed to be mobile and workers have been trained in the proper procedures. 

▪ Employees are not permitted to work on scaffolds when covered with snow, ice, or 

other slippery materials. 

▪ Scaffolds are not erected or moved within 10 feet of power lines. 

▪ Employees are not permitted to work on scaffolds in bad weather or high winds unless a 

competent person has determined that it is safe to do so. 

▪ Ladders, boxes, barrels, buckets or other makeshift platforms are not used to raise work 

height. 

▪ Extra material is not allowed to build up on scaffold platforms. 

▪ Scaffolds should not be loaded with more weight than they were designed to support. 

Electrical Safety 

▪ Work on new and existing energized (hot) electrical circuits is prohibited until all power 

is shut off and grounds are attached. 

▪ An effective Lockout/Tagout system is in place. 

▪ Frayed, damaged or worn electrical cords or cables are promptly replaced. 

▪ All extension cords have grounding prongs. 

▪ Protect flexible cords and cables from damage. Sharp corners and projections should be 

avoided. 

▪ Use extension cord sets used with portable electric tools and appliances that are the 

three-wire type and designed for hard or extra-hard service. (Look for some of the 

following letters imprinted on the casing: S, ST, SO, STO.) 

▪ All electrical tools and equipment are maintained in safe condition and checked 

regularly for defects and taken out of service if a defect is found. 

▪ Do not bypass any protective system or device designed to protect employees from 

contact with electrical energy. 

▪ Overhead electrical power lines are located and identified. 



▪ Ensure that ladders, scaffolds, equipment or materials never come within 10 feet of 

electrical power lines. 

▪ All electrical tools must be properly grounded unless they are of the double insulated 

type. 

▪ Multiple plug adapters are prohibited. 

Floor and Wall Openings 

▪ Floor openings (12 inches or more) are guarded by a secured cover, a guardrail or 

equivalent on all sides (except at entrances to stairways). 

▪ Toeboards are installed around the edges of permanent floor openings (where persons 

may pass below the opening). 

Elevated Surfaces 

▪ Signs are posted, when appropriate, showing the elevated surface load capacity. 

▪ Surfaces elevated more than 48 inches above the floor or ground have standard 

guardrails. 

▪ All elevated surfaces (beneath which people or machinery could be exposed to falling 

objects) have standard 4-inch toeboards. 

▪ A permanent means of entry and exit with handrails is provided to elevated storage and 

work surfaces. 

▪ Material is piled, stacked or racked in a way that prevents it from tipping, falling, 

collapsing, rolling or spreading. 

Hazard Communication 

▪ A list of hazardous substances used in the workplace is maintained and readily available 

at the worksite. 

▪ There is a written hazard communication program addressing Material Safety Data 

Sheets (MSDS), labeling and employee training. 

▪ Each container of a hazardous substance (vats, bottles, storage tanks) is labeled with 

product identity and a hazard warning(s) (communicating the specific health hazards 

and physical hazards). 



▪ Material Safety Data Sheets are readily available at all times for each hazardous 

substance used. 

▪ There is an effective employee training program for hazardous substances. 

Crane Safety 

▪ Cranes and derricks are restricted from operating within 10 feet of any electrical power 

line. 

▪ The upper rotating structure supporting the boom and materials being handled is 

provided with an electrical ground while working near energized transmitter towers. 

▪ Rated load capacities, operating speed and instructions are posted and visible to the 

operator. 

▪ Cranes are equipped with a load chart. 

▪ The operator understands and uses the load chart. 

▪ The operator can determine the angle and length of the crane boom at all times. 

▪ Crane machinery and other rigging equipment is inspected daily prior to use to make 

sure that it is in good condition. 

▪ Accessible areas within the crane's swing radius are barricaded. 

▪ Tag lines are used to prevent dangerous swing or spin of materials when raised or 

lowered by a crane or derrick. 

▪ Illustrations of hand signals to crane and derrick operators are posted on the job site. 

▪ The signal person uses correct signals for the crane operator to follow. 

▪ Crane outriggers are extended when required. 

▪ Crane platforms and walkways have antiskid surfaces. 

▪ Broken, worn or damaged wire rope is removed from service. 

▪ Guardrails, hand holds and steps are provided for safe and easy access to and from all 

areas of the crane. 

▪ Load testing reports/certifications are available. 

▪ Tower crane mast bolts are properly torqued to the manufacturer's specifications. 



▪ Overload limits are tested and correctly set. 

▪ The maximum acceptable load and the last test results are posted on the crane. 

▪ Initial and annual inspections of all hoisting and rigging equipment are performed and 

reports are maintained. 

▪ Only properly trained and qualified operators are allowed to work with hoisting and 

rigging equipment. 

Forklifts 

▪ Forklift truck operators are competent to operate these vehicles safely as demonstrated 

by their successful completion of training and evaluation. 

▪ No employee under 18 years old is allowed to operate a forklift. 

▪ Forklifts are inspected daily for proper condition of brakes, horns, steering, forks and 

tires. 

▪ Powered industrial trucks (forklifts) meet the design and construction requirements 

established in American National Standards Institute (ANSI) for Powered Industrial 

Trucks, Part II ANSI B56.1-1969. 

▪ Written approval from the truck manufacturer is obtained for any modification or 

additions which affect capacity and safe operation of the vehicle. 

▪ Capacity, operation and maintenance instruction plates, tags or decals are changed to 

indicate any modifications or additions to the vehicle. 

▪ Battery charging is conducted in areas specifically designated for that purpose. 

▪ Material handling equipment is provided for handling batteries, including conveyors, 

overhead hoists or equivalent devices. 

▪ Reinstalled batteries are properly positioned and secured in the truck. 

▪ Smoking is prohibited in battery charging areas. 

▪ Precautions are taken to prevent open flames, sparks or electric arcs in battery charging 

areas. 

▪ Refresher training is provided and an evaluation is conducted whenever a forklift 

operator has been observed operating the vehicle in an unsafe manner and when an 

operator is assigned to drive a different type of truck. 



▪ Load and forks are fully lowered, controls neutralized, power shut off and brakes set 

when a powered industrial truck is left unattended. 

▪ There is sufficient headroom for the forklift and operator under overhead installations, 

lights, pipes, sprinkler systems, etc. 

▪ Overhead guards are in place to protect the operator against falling objects. 

▪ Trucks are operated at a safe speed. 

▪ All loads are kept stable, safely arranged and fit within the rated capacity of the truck. 

▪ Unsafe and defective trucks are removed from service. 

 

 

 

 

 

 



  

 

 

 

 

IMPORTANT SAFETY NOTICE 

 
 

Safe installation, operation, and maintenance of  Pump equipment are an essential end user responsibility.  

This Pump Safety Manual identifies specific safety risks that must be considered at all times during 

product life. Understanding and adhering to these safety warnings is mandatory to ensure personnel, 

property, and/or the environment will not be harmed. Adherence to these warnings alone, however, is not 

sufficient — it is anticipated that the user shall also comply with industry and corporate safety standards. 

Identifying and eliminating unsafe installation, operating and maintenance practices is the responsibility of 

all individuals involved in the installation, operation, and maintenance of industrial equipment. 

 

Please take the time to review and understand the safe installation, operation, and maintenance guidelines 

outlined in this Pump Safety Manual and the Instruction, Operation, and Maintenance (IOM) manual. 

 
The safety manuals provided by the manufactures/suppliers must be read and understood before 

installation and start-up. 

 

 
 
 
 
 
 

 



  

WARNING 

WARNING 

 

SAFETY WARNINGS 

Specific to pumping equipment, significant risks bear reinforcement above and beyond normal safety precautions. 

A pump is a pressure vessel with rotating parts that can be hazardous. Any pressure vessel can explode, 

rupture, or discharge its contents if sufficiently over pressurized causing death, personal injury, property 

damage, and/or damage to the environment. All necessary measures must be taken to ensure over 

pressurization does not occur. 

 

Operation of any pumping system with a blocked suction and discharge must be avoided in all cases. 

Operation, even for a brief period under these conditions, can cause superheating of enclosed pumpage and 

result in a violent explosion. All necessary measures must be taken by the end user to ensure this condition is 

avoided. 

The pump may handle hazardous and/or toxic fluids. Care must be taken to identify the contents of the pump 

and eliminate the possibility of exposure, particularly if hazardous and/or toxic. Potential hazards include, but 

are not limited to, high temperature, flammable, acidic, caustic, explosive, and other risks. 

 

Pumping equipment Instruction, Operation, and Maintenance manuals clearly identify accepted methods for 

disassembling pumping units. These methods must be adhered to. Specifically, applying heat to impellers 

and/or impeller retaining devices to aid in their removal is strictly forbidden. Trapped liquid can rapidly 

expand and result in a violent explosion and injury. 

 

WARNING 

WARNING 



  

 

 
DEFINITIONS 

SAFETY 

Throughout this manual the words WARNING, CAUTION, ELECTRICAL, and ATEX are used to indicate 

where special operator attention is required. 

 
Observe all Cautions and Warnings highlighted in this Pump Safety Manual and the IOM provided with 

your equipment. 

 
 
 

    WARNING 

Indicates a hazardous situation which, if not avoided, could result in death or serious injury. 

Example: Pump shall never be operated without coupling guard installed correctly. 
 

    CAUTION 

Indicates a hazardous situation which, if not avoided, could result in minor or moderate injury. 

Example: Throttling flow from the suction side may cause cavitation and pump damage. 

º ELECTRICAL HAZARD 

Indicates the possibility of electrical risks if directions are not followed. 

Example: Lock out driver power to prevent electric shock, accidental start-up, and physical injury. 

 
  When installed in potentially explosive atmospheres, the instructions that follow the Ex symbol must be 

followed. Personal injury and/or equipment damage may occur if these instructions are not followed. If there 

is any question regarding these requirements or if the equipment is to be modified, contact should be made 

with  manufacture/supplier or their  representative before proceeding. 

Example: Improper impeller adjustment could cause contact between the rotating and stationary 

parts, resulting in a spark and heat generation. 
 



  

WARNING 

 

GENERAL PRECAUTIONS 
 

A pump is a pressure vessel with rotating parts that can be hazardous. Hazardous fluids may be contained by the 

pump including high temperature, flammable, acidic, caustic, explosive, and other risks. Operators and 

maintenance personnel must realize this and follow safety measures. Personal injuries will result if procedures 

outlined in safety manual are not followed.  

 
 

General Precautions 

WARNING 
 

 
NEVER APPLY HEAT TO REMOVE IMPELLER. The use of heat may cause an 
explosion due to trapped fluid, resulting in severe physical injury and property damage. 

WARNING 
 

 NEVER use heat to disassemble pump due to risk of explosion from trapped liquid. 

WARNING 
 

 NEVER operate pump without coupling guard correctly installed. 

 
WARNING 

 

 

  
 

NEVER run pump below recommended minimum flow when dry, or without prime. 

 

WARNING 

 

 

º 

 

ALWAYS lock out power to the driver before performing pump maintenance. 

WARNING 
 

 NEVER operate pump without safety devices installed. 

 

WARNING 

 

 

  
 

NEVER operate pump with discharge valve closed. 

 

WARNING 

 

 

  
 

NEVER operate pump with suction valve closed. 

 

WARNING 

 

 

  
DO NOT change service application without approval of an authorized Pumps 

representative. 

 

 
 

WARNING 

 

 

 
 

Safety Apparel: 

◆ Insulated work gloves when handling hot bearings or using bearing heater 

◆ Heavy work gloves when handling parts with sharp edges, especially impellers 

◆ Safety glasses (with side shields) for eye protection 

◆ Steel-toed shoes for foot protection when handling parts, heavy tools, etc. 

◆ Other personal protective equipment to protect against hazardous/toxic fluids 

 

 

 
WARNING 

 

 

 
 

 

Receiving: 

Assembled pumping units and their components are heavy. Failure to properly lift and 

support equipment can result in serious physical injury and/or equipment damage. Lift 

equipment only at specifically identified lifting points or as instructed in the current IOM.  
Note: Lifting devices (eyebolts, slings, spreaders, etc.) must be rated, selected, and used 

for the entire load being lifted. 



  

 

General Precautions 
 

WARNING 

 

 

  

Alignment: 

Shaft alignment procedures must be followed to prevent catastrophic failure of drive 

components or unintended contact of rotating parts. Follow coupling manufacturer’s 

coupling installation and operation procedures. 

 
WARNING 

 

 

º 
Before beginning any alignment procedure, make sure driver power is locked out. Failure 

to lock out driver power will result in serious physical injury. 

 

 
CAUTION 

 
 

  

Piping: 

Never draw piping into place by forcing at the flanged connections of the pump. This may 

impose dangerous strains on the unit and cause misalignment between pump and driver. 

Pipe strain will adversely effect the operation of the pump resulting in physical injury and 

damage to the equipment. 

WARNING 
 

 
Flanged Connections: 

Use only fasteners of the proper size and material. 

WARNING 
 

 Replace all corroded fasteners. 

WARNING 
 

 Ensure all fasteners are properly tightened and there are no missing fasteners. 

 
WARNING 

 

 

  
Startup and Operation: 

When installing in a potentially explosive environment, please ensure that the motor is 

properly certified. 

 
WARNING 

 

 

  
Operating pump in reverse rotation may result in contact of metal parts, heat generation, 

and breach of containment. 

 
WARNING 

 

 

º 

 
Lock out driver power to prevent accidental start-up and physical injury. 

 
WARNING 

 

 

  
The impeller clearance setting procedure must be followed. Improperly setting the 

clearance or not following any of the proper procedures can result in sparks, unexpected 

heat generation and equipment damage. 

 
WARNING 

 

 

  
If using a cartridge mechanical seal, the centering clips must be installed and set screws 

loosened prior to setting impeller clearance. Failure to do so could result in sparks, heat 

generation, and mechanical seal damage. 

 
WARNING 

 

 

  
The coupling used in an ATEX classified environment must be properly certified and 

must be constructed from a non-sparking material. 

WARNING 
 

 
Never operate a pump without coupling guard properly installed. Personal injury will 

occur if pump is run without coupling guard. 

 
WARNING 

 

 

  
Make sure to properly lubricate the bearings. Failure to do so may result in excess heat 

generation, sparks, and / or premature failure. 

 
CAUTION 

 

 

  

The mechanical seal used in an ATEX classified environment must be properly certified. 

Prior to start up, ensure all points of potential leakage of process fluid to the work 

environment are closed. 



  

 

General Precautions 
 

CAUTION 

 

 

  
Never operate the pump without liquid supplied to mechanical seal. Running a mechanical 

seal dry, even for a few seconds, can cause seal damage and must be avoided. Physical 

injury can occur if mechanical seal fails. 

WARNING 
 

 
Never attempt to replace packing until the driver is properly locked out and the coupling 

spacer is removed. 

 
WARNING 

 

 

  
 

Dynamic seals are not allowed in an ATEX classified environment. 

 
WARNING 

 

 

  
DO NOT operate pump below minimum rated flows or with suction and/or discharge 

valve closed. These conditions may create an explosive hazard due to vaporization of 

pumpage and can quickly lead to pump failure and physical injury. 

WARNING 
 

 
Ensure pump is isolated from system and pressure is relieved before disassembling pump, 
removing plugs, opening vent or drain valves, or disconnecting piping. 

 
WARNING 

 
 

Shutdown, Disassembly, and Reassembly: 

Pump components can be heavy. Proper methods of lifting must be employed to avoid 

physical injury and/or equipment damage. Steel toed shoes must be worn at all times. 

 

WARNING 

 
 

 

The pump may handle hazardous and/or toxic fluids. Observe proper decontamination 

procedures. Proper personal protective equipment should be worn. Precautions must be 

taken to prevent physical injury. Pumpage must be handled and disposed of in 

conformance with applicable environmental regulations. 

WARNING 
 

 Operator must be aware of pumpage and safety precautions to prevent physical injury. 

 
WARNING 

 

 

º 

 
Lock out driver power to prevent accidental startup and physical injury. 

CAUTION 
 

 
Allow all system and pump components to cool before handling them to prevent physical 

injury. 

 
 

CAUTION 

 
 

  

Some model of  pumps may have  the risk of static electric discharge from plastic parts that 

are not properly grounded. If pumped fluid is non-conductive, pump should be drained and 

flushed with a conductive fluid under conditions that will not allow for a spark to be 

released to the atmosphere. 

CAUTION 
 

 
Wear heavy work gloves when handling impellers as sharp edges may cause physical 

injury. 

CAUTION 
 

 
Wear insulated gloves when using a bearing heater. Bearings will get hot and can cause 

physical injury. 

ATEX CONSIDERATIONS and INTENDED USE 

Special care must be taken in potentially explosive environments to ensure that the equipment is properly 

maintained. This includes but is not limited to: 

1. Monitoring the pump frame and liquid end temperature. 

2. Maintaining proper bearing lubrication. 

3. Ensuring that the pump is operated in the intended hydraulic range. 

 

The ATEX conformance is only applicable when the pump unit is operated within its intended use. Operating, 

installing or maintaining the pump unit in any way that is not covered in the Instruction, Operation, and 

Maintenance manual (IOM) can cause serious personal injury or damage to the equipment. 

 



 

 

All pumping unit (pump, seal, coupling, motor and pump accessories) certified for use in an ATEX classified 

environment, are identified by an ATEX tag secured to the pump or the baseplate on which it is mounted. A 

typical tag would look like this: 

 
 

 

The CE and the Ex designate the ATEX compliance. The code directly below these symbols reads as follows: 

 
II = Group 2 
2 = Category 2 

G/D = Gas and Dust present 

T4 = Temperature class, can be T1 to T6 (see Table 1) 

 

Table 1 

 
 

Code 

Max permissible 

surface temperature 
oF   (oC) 

Max permissible 

liquid temperature 
oF  (oC) 

T1 842 (450) 700 (372) 

T2 572 (300) 530 (277) 

T3 392 (200) 350 (177) 

T4 275 (135) 235 (113) 

T5 212 (100) Option not available 

T6 185   (85) Option not available 

 

The code classification marked on the equipment must be in accordance with the specified area where the 

equipment will be installed. If it is not, do not operate the equipment and  Pumps sales representative must be 

contacted before proceeding. 



 

 



Turbine Protective Devices 
 

Turbine Protective Devices 

This article provides the list of different types of Turbine Protective Devices like turbine over speed 

trip, low lube oil pressure, axial displacement, turbine temperature and turbine vibrations. 

▪ Tripping Device 

▪ Low Lube Oil Pr. 

▪ Over Speed Trip 

▪ Low Vacuum 

▪ SOV for remote tripping 

▪ Hi/Lo Extrn. Pr. 

▪ Casing Expansion 

▪ Extrn./Exhaust Temp Differential Expansion 

▪ Generator Protection 

▪ Axial Displacement 

▪ Manual/Remote Trip 

▪ Bearing Vibrations 

▪ Casing/Rotor Temp. 

▪ Bearing Temperatures 

Tripping Device 

When ever the turbine is to be tripped , the Governing oil pressure is drained by tripping device. 

Thus pressure in front of stop valve piston disc and control oil pressure falls, resulting in closure of 

stop valve and control valves. 

Over Speed Trip 

The over speed protection is formed by three independent sensors of turbine speed evaluation that act 

through a selection of the output signal two of three after exceeding a set value of security speed for 

an immediate impulse for closing of the ESV within less than 30ms. 

 

https://instrumentationtools.com/speed-probe-working-principle/


Magnetic Pickup 

A magnetic pickup consists of a permanent magnet, wrapped with a coil of a few thousands turns of 

fine enameled copper wire. 

When discrete ferromagnetic object such as gear teeth or blades are passed through the probes 

magnetic field, the flux density is modulated. This induces AC voltages in the coil. One complete 

cycle of voltage is generated for each object passed. 

The total number of cycles will be a measure of the total rotation, and The frequency of the AC 

voltage will be directly proportional to the rotational speed of the shaft. 

 

 

Making and breaking of the flux lines induces an alternating voltage into the coil around the pole 

piece. 

Each pulse is represented by a gear tooth passing by the MPU. The impedance of MPU is 

approximately 220 ohms. 

https://instrumentationtools.com/what-is-a-inductive-proximity-switch/


 

 

 

 

PROXIMITOR (Eddy Current Probe) 

The mechanical energy is transformed into electrical energy using the proximity Transducer system. 

The interface device used for this system is called a proximitor. It generates a radial frequency(RF) 

signal using an oscillator circuit. 

The RF signal is transmitted from the probe coil which creates an RF field around the probe tip. 

When conductive material is present in the RF field, Eddy currents flow in the surface of that 

material. 

Once the probe is close enough to cause eddy currents to flow in a conductive material the RF signal 

is affected in two ways. 

1. Amplitude is minimum, when the Gap is less. 

2. Amplitude is maximum, when the Gap is more. 

If the target is moving slowly within RF field, the signal amplitude will increase or decrease slowly. 

Depending on the movement of target, the amplitude increase or decrease slowly or rapidly. This 

oscillatory movements of the target causes the RF signal to modulate. 

https://instrumentationtools.com/proximity-transducer-system-operation/
https://instrumentationtools.com/vibration-sensors-work/


 

This will be convert by demodulator and will give a AC signal (sine wave). If the target is oscillating 

(gap changing slowly or rapidly), the proximitors output also vary the DC voltage (AC) shown above 

by a sine wave. 

If the probe is observing a vibration, the proximitor will provide both a DC (gap) and an AC 

(vibration) component in the output signal. The frequency response from 0 Hz to 10 kHz. 

Casing Expansion 

This is the measurement of Turbine Casing or Shell moves in relation to a fixed location usually 

measured with a LVDT (Linear variable differential Transformer). Case expansion is the Thermal 

growth of the machine case as It expands during machine startup and on line operations. 

Thermal growth at different rates can cause internal rubbing between rotating and stationary parts of 

the machine. 

The case expansion transducer system uses the LVDT to measure the machine Case thermal growth. 

A rod on the LVDT connects to the machine. As the machine case grows, the rod moves inside the 

LVDT. This causes a change in the signal in the LVDT. 

Range:- 0 ~ 25mm; Trip:- 20mm 

Rotor Expansion 

During turbine startup, extra care must be taken to ensure that the case has been properly heated and 

expanded sufficiently to prevent contact between the rotor and the case. 

For this Eddy probe transducer will generate a high frequency oscillating RF signals that is sent 

through the extension cable to the pickup tip. The pickup tip having a wound coil of fine wire, 

radiates a electromagnetic Field, as the radiated field is bisected by the rotor surface. 

https://instrumentationtools.com/basics-of-proximity-switches/
https://instrumentationtools.com/advantages-disadvantages-of-different-vibration-sensors/
https://instrumentationtools.com/lvdt-working-principle-animation/
https://instrumentationforum.com/t/boiler-and-turbine-control-modes/4869


As the rotor surface moves closer to the pickup tip, a greater amount of eddy currents are created 

Proportional to the gap between the surface and the pickup tip. The signal sensor contains a 

demodulator which measure the increase in eddy currents, and generates an equivalent DC voltage 

proportional to the gap. 

Rotor Expansion on a turbine is the absolute measurement of the rotor’s axial thermal growth with 

respect to the turbine’s foundation. 

Differential Expansion 

This is very important parameter receiving much attention during turbine startup and warming. This 

parameter measures how the turbine rotor expands in relation to the turbine shell or casing. 

The difference between Casing expansion & rotor expansion is called differential expansion. It is the 

relative measurement of the rotor’s axial thermal growth with respect to the casing. 

Differential Expansion on a turbine is the relative measurement of the rotor’s axial thermal growth 

with respect to the case. Casing expansion with respect to turbine’s foundation. Rotor expansion with 

respect to turbine’s foundation. Rotor expansion with respect to the casing is differential expansion 

Range:- -4mm to 6mm 

Alarm :- +2.30mm & -1.60mm 

Trip:- +3.00mm & -2.50mm 

Key Phasor 

A transducer that produces a voltage pulse for each turn of the shaft, called the “KeyPhasor” signal. 

It produces a voltage pulse once each revolution. 

Phase or phase angle, is a measure of the relationship of how one vibration signal relates to another 

vibration signal and is commonly used to calculate the placement of a balance weight. 

This signal is used primarily to measure Shaft rotative speed and serves as a reference for measuring 

vibration Phase lag angle. 

The keyphasor transducer is typically a proximity probe. The Keyphasor is a very useful tool when 

diagnosing machinery problems. 

The standard scale factor is 200mV/mil or 7.87mV/um 

1 mil = 25.4 microns 

Rotor Axial Displacement 

https://instrumentationtools.com/eddy-current-working-principle-animation/
https://instrumentationtools.com/keyphasor/


 

Two types of trips 

1. Rotor Axial Displacement 

2. Radial Vibration 

The below table shows the alarm and trip values for bently nevada vibration measurement system. 

S.No DESCRIPTION Alarm Trip 

1 Key Phaser xxx xxx 

2 Axial Displacement +/- .5mm +/- .8mm 

4 Rotor Front Bearing 120u 180u 

7 Rotor Rear Bearing 120u 180u 

8 Gear Box Pinion Bearing 100u 180u 



15 Gear Wheel Bearing 100u 150u 

16 Alternator DE Bearing 100u 180u 

19 Alternator NDE Bearing 100u 180u 

20 Turbine Casing Expansion 20mm 25mm 

21 Turbine Differential Expansion;  Towards probe +2.3mm +3mm 

22 Turbine Differential Expansion;  Away from Probe -1.6mm -2.5mm 

Bearing Temperatures 

Temperature of bearings is a measure of the how hot a bearing is operating. It may be due to 

overloading, misalignment, improper lubricant pressure and/or flow. 

Nearly all turbine generator bearings were originally installed with bearing temperature sensors. 

These sensors may be thermocouples or RTDs. Any bearings that was not originally equipped with 

temperature sensors can be retro-fitted to accept thermocouples or RTDs. 

TURBINE TRIP- TEMP 

DECRIPTION – Siemens Governor 

I / O SETPOINT 

TYPE ALARM TRIP 

TURB THRUST BRG TEMP BTM NEG T / C 110 120 

TURB BRG TEMP FRONT T / C 110 120 

TURB BRGTEMP REAR T / C 110 120 

GB PENION DE BRG TEMP RTD 100 110 

GB PENION NDE BRG TEMP RTD 100 110 

GB WHEEL DE BRG TEMP RTD 110 120 

GB WHEEL NDE BRG TEMP RTD 100 110 

GEN FRONT BRG TEMP RTD 85 90 

GEN REAR BRG TEMP RTD 85 90 

 

https://instrumentationtools.com/interview-questions-on-temperature-measurement/
https://instrumentationtools.com/important-factors-for-thermocouple-selection/
https://instrumentationtools.com/difference-between-pt100-pt1000-nickel-rtd-and-balco-rtd/


Generator Protection 

▪ Bearing and Winding Temperature 

▪ Earth fault Protection 

▪ Reverse/Low Forward Power 

▪ Over Voltage / Under Voltage 

▪ Over Frequency / Under Frequency 

▪ Over Current 

▪ Differential 

▪ Neutral displacement 

▪ Negative phase sequence 

 

 

Note : Alarms and Trips Values may change from equipment to equipment. 

 



 

TURBINE PROTECTION SYSTEM 

 

 

The function of the steam turbine protection system is often confused with the control system, but in fact the two systems 

are entirely separate. The protection system operates only when any of the control system set point parameters are exceeded, and 

the steam turbine will be damaged if it continues to operate. A multi-valve, multi-stage turbine protection system incorporates a mechanical 

overspeed device (trip pin) to shut down the turbine on overspeed (10 percent above maximum continuous speed). 

The protection system monitors steam turbine total train parameters and ensures safety and reliability by the following action: 

Start-up (optional) provides a safe, reliable fully automatic start-up and will shut down the turbine on any abnormality 

Manual shutdown 

Trip valve exerciser allows trip valve stem movement to be confirmed during operation without shutdown 

Rotor overspeed monitors turbine rotor speed and will shutdown turbine when maximum allowable speed (trip speed) is attained 

Excessive process variable signal monitors all train process variables and will shutdown turbine when maximum value is exceeded 

Centrifugal force resulting from high shaft speed will force the trip lever, which will allow the spring loaded handle to move inward. 

When this occurs, the port in the handle stem will allow the control oil pressure to drain and drop to zero. The high energy spring in 

the trip and throttle valve, normally opposed by the control oil pressure will close suddenly (less than one second). In this system 

there are two other means of tripping the turbine (reducing control oil pressure to zero) – manually pushing spring loaded handle 

and solenoid valve opening. 

The solenoid valve will open on command when any trip parameter set point is exceeded. Solenoid valves are designed to be 

normally energized to close. In recent years, the industry has required parallel and series arrangements of solenoid valves to 

ensure increased steam turbine train reliability. Today, most speed trip systems incorporate magnetic speed input signals and two 

out of three voting for increased reliability. The devices that trip the turbine internally directly reduce the control oil pressure, 

causing a trip valve closure without the need of a solenoid valve (external trip method). 

Two popular types of steam turbine shut off valves are available and both use a high spring force, opposed by control oil pressure 

during normal operation, to close the valve rapidly on loss of control oil pressure. 

It is important to note that the trip valve will only close if the spring has sufficient force to overcome valve stem friction. Steam 

system solid build up, which increases with system pressure (when steam systems are not properly maintained), can prevent the 

trip valve from closing. 

To ensure that the trip valve stem is free to move, all trip valves should be manually exercised on-line. The recommended 

frequency is once per month for High Pressure (40 bar) steam systems and daily for very high pressure (1000 bar +) steam 

systems. All the turbine trip valves should be provided with manual exercisers to allow this feature. 

It can be hard to maintain VHP (very high pressure) steam systems, and to prevent contaminants (calcium, silica) from forming 

inside the turbine. Trip valve packing is essentially a filter that will trap any contaminants between the trip valve and the packing 

which can prevent the trip valve from closing. 

Failure of the trip valve to close on command can cause catastrophic machine failure and expose personnel to safety issues. 

Periodic or infrequent exercise of trip valves can result in failure of the valve to move which, considering the plant safety 

requirements, will necessitate immediate turbine shutdown. Daily exercise of VHP trip valves will ensure freedom of movement of 

the trip valve and positively prevent unnecessary unit shutdowns. 

This best practice has been recommended since the 1990s. When followed, it has resulted in zero lost time accidents and failure to 

trip incidents. When not followed, more than one catastrophic machine outage in critical (un-spared) machinery has occurred, that 

has exceeded three months in repair time. 

 



Welding, Cutting and Brazing Safety  

 
Basic precautions for fire prevention the object to be welded should be moved to a safe 

place, when possible. If the object cannot be readily moved, all movable fire hazards in the 
vicinity shall be moved to a safe location. If the object cannot be readily moved and all fire 
hazards cannot be removed, guards shall be used to confine the heat, sparks, and slag, and 
protect immovable fire hazards, ( ie. curtains). A fire watch is required whenever there is a 
possibility of fire developing. The fire watchers will have fire extinguishing equipment 
immediately available and shall be trained in its use. They will also be familiar with the methods 
used to sound an alarm. The fire watch must be maintained for at least ½ hour after welding 
operations have stopped. 

A fire watch is required whenever there is a possibility of a fire developing or any of the 
following conditions exist: 

a. Appreciable combustible materials, in building construction or contents, are closer than 35 

feet to the point of operation. 

b. Appreciable combustibles are more than 35 feet away, but are easily ignited by sparks. 

c. Wall or flooring openings within 35 foot radius expose combustible material in adjacent 
areas including concealed spaces in walls or floors. 

d. Combustibles materials are adjacent to opposite side of metal patricians, walls, ceilings, or 

roofs and are likely to be ignited by conduction or radiation. 

If the following requirements above cannot be followed, welding and cutting shall not be 

performed. 
Hot Work Permits written must be completed by supervisory personnel prior to any welding, 

cutting, or brazing operations. This permit must be kept at the worksite while work is being 
performed. Completed permits shall be maintained in file for a period of one year. Special 
precautions which must be considered include: 

1. Combustible Material: remove, or protect from sparks and hot slag. 

2. Fire extinguishers: maintain for instant use. 

3. Prohibited areas: Welding, cutting and brazing is not permitted in areas which have not 
been authorized. 

Do not weld, cut or braze in: 

• Atmospheres where flammable gases, vapors, liquids, or dusts are present 

• Storage areas where there are large quantities of exposed, readily ignitable materials 

When working on platforms, scaffolds, or runways, welders and their helpers shall be protected 
against falling by use of railings, safety belts, life lines, or other effective safeguards. Helmets or 

hand shields shall be used during all arc welding. All helpers & attendants shall be provided 
with proper eye protection. Goggles or other suitable eye protection shall be used during all gas 
welding or oxygen cutting operations. Spectacles with side shields and suitable filter lenses are 



required during gas welding operations on light work, torch brazing, and for inspections. 
Helmets and hand shields shall be arranged to protect face, neck, and ears from direct radiant 

energy from the arc. 
A confined space is defined as a relatively small or restricted space such as a tank, boiler, 

pressure vessel, or manhole. Ventilation is a prerequisite to work in confined spaces. Gas 
cylinders and welding machines shall be left outside. Heavy portable equipment mounted on 

wheels shall be securely blocked. Whenever a welder must enter a confined space through a 
small opening of manhole, means shall be provided to quickly remove him in the event of an 
emergency. Safety belts and lifelines used for this purpose shall be attached to the welder’s 

body so that his body cannot be jammed in a small exit opening. 
Mechanical ventilation shall be provided when welding or cutting is performed on metals not 

listed below. These metals have their own specific allowable concentration/ventilation 
requirements: fluorine compounds, zinc, lead, beryllium, cadmium, mercury, cleaning 
compounds, and stainless steels. General requirements mechanical ventilation is needed when: 

1. Space is less than 10,000 cubic feet per welder 

2. Ceiling height in room is less than 16 feet 

3. In confined spaces, or where welding space contains partitions or other structural barriers 
which may obstruct cross ventilation 

Mechanical ventilation at a minimum rate of 2,000 cubic feet per minute per welder, except 
where local exhaust hoods, booths, or airline respirators are provided. Ventilation in confined 
spaces must be provided to prevent accumulation of toxic fumes or possible oxygen deficiency. 

This includes not only the welder, but also helpers and other the welder, but also helpers and 
other personnel in the immediate vicinity. All make up air that is drawn into the area of 

operation, must be clean and respirable. 
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