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THE IEE TUTORIAL WORKSHOP ON EARTHING & BONDING
 MANCHESTER CONFERENCE CENTRE
 16th MARCH 2005
 EARTHING & BONDING: CURRENT EARTHING & BONDING: CURRENT LEGISLATIVE REQUIREMENTS & SOME LEGISLATIVE REQUIREMENTS & SOME
 RECENT INCIDENTSRECENT INCIDENTS
 Eur IngEur Ing Steve Frost CEng MIEESteve Frost CEng MIEEHM Principal Electrical InspectorHM Principal Electrical InspectorNorthern Specialist GroupNorthern Specialist GroupHealth & Safety ExecutiveHealth & Safety Executive

Page 2
                        

What IWhat I’’ll Coverll Cover
 !! What is an HSE Electrical Inspector?What is an HSE Electrical Inspector?!! The legal requirementsThe legal requirements!! Assessing complianceAssessing compliance!! Some recent incidentsSome recent incidents!! Lessons arisingLessons arising
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HSE Electrical InspectorsHSE Electrical Inspectors
 !! Employed in a variety of operating directorates:Employed in a variety of operating directorates:•• Hazardous Installations Directorate (HID)Hazardous Installations Directorate (HID)•• Nuclear Safety Directorate (NSD)Nuclear Safety Directorate (NSD)•• Field Operations Directorate (FOD)Field Operations Directorate (FOD)
 !! Those in FOD deal with the majority of Those in FOD deal with the majority of industries and provide technical support to other industries and provide technical support to other Directorates and to Local AuthoritiesDirectorates and to Local Authorities•• FOD’s FOD’s Northern Region has 3 electrical inspectorsNorthern Region has 3 electrical inspectors
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HSE Electrical InspectorsHSE Electrical Inspectors
 !! Inspectors are Chartered Engineers with Inspectors are Chartered Engineers with industrial experienceindustrial experience
 !! We do the following:We do the following:•• Inspect electrical and control systems.Inspect electrical and control systems.•• Investigate incidents and dangerous occurrences.Investigate incidents and dangerous occurrences.•• Provide specialist evidence in legal proceedings and Provide specialist evidence in legal proceedings and
 Coroner’s inquests.Coroner’s inquests.•• Provide guidance (in very many forms).Provide guidance (in very many forms).
 !! Although we are seen as enforcers, we are also Although we are seen as enforcers, we are also here to help and try to do so as much as here to help and try to do so as much as possible.possible.
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Enforcement ResponsibilitiesEnforcement Responsibilities
 !! HSE inspectors enforce the HSW Act and HSE inspectors enforce the HSW Act and some Consumer Protection law in places for some Consumer Protection law in places for which HSE is responsible; which HSE is responsible;
 !! Local Authority EHOs enforce the HSW Act Local Authority EHOs enforce the HSW Act and some Consumer Protection law in places and some Consumer Protection law in places for which HSE is not responsible; andfor which HSE is not responsible; and
 !! The DTI’s Engineering Inspectorate enforce The DTI’s Engineering Inspectorate enforce the Electricity Safety Quality and Continuity the Electricity Safety Quality and Continuity Regulations 2002.Regulations 2002.
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The Legal FrameworkThe Legal Framework
 !!Main law of interest is the Health and Main law of interest is the Health and Safety at Work etc Act 1974.Safety at Work etc Act 1974.
 !! Employers duties (in today’s context):Employers duties (in today’s context):•• Provision and maintenance of safe workplace, Provision and maintenance of safe workplace,
 plant/machinery and systems of work;plant/machinery and systems of work;•• Ensure employees are competent.Ensure employees are competent.
 !! ‘So far as is reasonably practicable’.‘So far as is reasonably practicable’.
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The Legal FrameworkThe Legal Framework!! Regulations made under Regulations made under
 the Act: Electricity at Work the Act: Electricity at Work Regulations 1989Regulations 1989
 !! Came into force on 1 Came into force on 1 April 1990 with the April 1990 with the intention of updating and intention of updating and clarifying legal clarifying legal requirements for safe requirements for safe use of electricity in the use of electricity in the workplace;workplace;
 !! Goal setting rather than Goal setting rather than prescriptive in approach.prescriptive in approach.
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The Legal FrameworkThe Legal Framework
 !! Electricity at Work Electricity at Work Regulations 1989Regulations 1989
 !! Some Regulations Some Regulations have to be satisfied “so have to be satisfied “so far as is reasonably far as is reasonably practicable”;practicable”;
 !!Others have an Others have an absolute duty.absolute duty.
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The Legal FrameworkThe Legal Framework
 !! Electricity at Work Electricity at Work Regulations 1989Regulations 1989!! Electrical systems to be Electrical systems to be
 safe;safe;!! Safe systems of work to Safe systems of work to
 be employed (see be employed (see HSG85);HSG85);
 !! Duty to maintain where Duty to maintain where necessary to prevent necessary to prevent danger;danger;
 !! Work to be carried outWork to be carried outby competent persons.by competent persons.
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Electricity at Work Regulations: Electrical installations
 Regulation 4: Systems, work activities and protective equipment
 Very broad application as Reg. 4(1) covers the construction of an electrical system, including its components, at any time during its life;
 Includes aspects such initial design and installation, suitability of construction, etc and any subsequent modifications;
 Subsequent Regs. give more specific requirements…
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Electricity at Work Regulations: Earthing & bonding
 Regulation 8:Regulation 8: EarthingEarthing or other suitable precautionsor other suitable precautions
 !! Requires that precautions should be taken to prevent Requires that precautions should be taken to prevent danger arising when any conductor (other than a circuit danger arising when any conductor (other than a circuit conductor) can become charged as a result of the use conductor) can become charged as a result of the use of a system or a fault in a system;of a system or a fault in a system;
 Applies to any conductor including extraneous Applies to any conductor including extraneous conductive parts of buildings, etc which can reasonably conductive parts of buildings, etc which can reasonably foreseeably foreseeably become charged and be touched.become charged and be touched.
 Absolute duty to comply with Regulation 8
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Electricity at Work Regulations: Earthing & bonding (contd.)
 Conductors that are within electrostatic or Conductors that are within electrostatic or electromagnetic fields created by an electrical electromagnetic fields created by an electrical installation may also be subject to Reg.8; installation may also be subject to Reg.8; A conductor is regarded as earthed when it is A conductor is regarded as earthed when it is connected to the general mass of earth by connected to the general mass of earth by conductors of sufficient strength and current conductors of sufficient strength and current carrying capability.carrying capability.
 Dangers that can arise from failure to properly apply earthing or other suitable precautions include electric
 shock, burns, fire, arcing or explosion
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Electricity at Work Regulations: Earthing & bonding (contd.)
 Regulation 9: Integrity of referenced conductorsRegulation 9: Integrity of referenced conductors!! Object is to prevent referenced circuit conductors which Object is to prevent referenced circuit conductors which
 should be at or about the same potential as earth (or any should be at or about the same potential as earth (or any other relevant reference point) from reaching a significantly other relevant reference point) from reaching a significantly different potential;different potential;
 !! Relevant to installations having an earthed neutral point;Relevant to installations having an earthed neutral point;!! Danger caused by breaking the electrical continuity or Danger caused by breaking the electrical continuity or
 introducing high impedance into combined neutral and introducing high impedance into combined neutral and protective conductors so that extraneous parts can attain protective conductors so that extraneous parts can attain up to Phup to Ph--N volts relative to earth.N volts relative to earth.
 Absolute duty to comply with Regulation 9
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The Legal FrameworkThe Legal Framework
 !! Electricity Safety Quality and Continuity Electricity Safety Quality and Continuity Regulations 2002Regulations 2002. Generators, distributors . Generators, distributors and meter operators must ensure their and meter operators must ensure their equipment is:equipment is:!! sufficient for the purposes for and the sufficient for the purposes for and the
 circumstances in which it is used; andcircumstances in which it is used; and!! so constructed, installed, protected (both so constructed, installed, protected (both
 electrically and mechanically), used and electrically and mechanically), used and maintained as to prevent danger, interference with maintained as to prevent danger, interference with or interruption of supply, so far as is reasonably or interruption of supply, so far as is reasonably practicable.practicable.
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The Legal FrameworkThe Legal Framework
 !! The Electrical Equipment (Safety) The Electrical Equipment (Safety) Regulations 1994Regulations 1994!! SupplySupply--side legislation relating to the safety and side legislation relating to the safety and
 CE marking of low voltage electrical equipment;CE marking of low voltage electrical equipment;!! Embraces many items that form a part of a fixed Embraces many items that form a part of a fixed
 electrical installation and covers a wide range of electrical installation and covers a wide range of electrical products;electrical products;
 !! Requires that low voltage electrical equipment is Requires that low voltage electrical equipment is “safe”.“safe”.
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Compliance assessment:Compliance assessment:What HSE inspectors look for (1)What HSE inspectors look for (1)
 Review of the need for Review of the need for earthingearthing and bonding:and bonding:!! Essential for safety;Essential for safety;!! EarthingEarthing enables a protective device (enables a protective device (egeg fuse, MCB) fuse, MCB)
 to operate when installation and/or interconnected to operate when installation and/or interconnected equipment becomes faulty;equipment becomes faulty;
 !! Prevents current flow through the human body and Prevents current flow through the human body and reduces risk of fire;reduces risk of fire;
 !! Bonding reduce risk of electric shock by connecting Bonding reduce risk of electric shock by connecting extraneous metallic parts to main extraneous metallic parts to main earthingearthing terminal;terminal;
 !! Supplementary bonding prevents the occurrence of a Supplementary bonding prevents the occurrence of a dangerous voltage during fault conditions through the dangerous voltage during fault conditions through the interconnection of conductive parts of electrical and interconnection of conductive parts of electrical and nonnon--electrical items.electrical items.
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Compliance assessment:Compliance assessment:What HSE inspectors look for (2What HSE inspectors look for (2))
 !! Demonstration that Demonstration that earthingearthing or other suitable or other suitable precautions have been applied to prevent danger at precautions have been applied to prevent danger at an electrical installation;an electrical installation;
 !! Compliance with the requirements of BS 7671:2001 Compliance with the requirements of BS 7671:2001 (as amended), including:(as amended), including:!! acceptable parameters of earth loop impedance acceptable parameters of earth loop impedance
 and interruption times;and interruption times;!! provision of electrical bonding of exposed provision of electrical bonding of exposed
 conductive parts and their connection to earth;conductive parts and their connection to earth;!! selection of protective devices to automatically selection of protective devices to automatically
 interrupt the supply upon occurrence of an earth interrupt the supply upon occurrence of an earth fault.fault.
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Compliance assessment:Compliance assessment:What HSE inspectors look for(3)What HSE inspectors look for(3)In particular circumstances:In particular circumstances:!! Hazardous areasHazardous areas
 !! EarthingEarthing & bonding to minimise risk of electrostatic & bonding to minimise risk of electrostatic ignition sources;ignition sources;
 !! Measurements of earth continuity;Measurements of earth continuity;!! See BS PD CLC/TR 50404:2003 See BS PD CLC/TR 50404:2003 “Code of practice for the “Code of practice for the
 avoidance of hazards due to static electricity”.avoidance of hazards due to static electricity”.
 !! Electrical testing/test areasElectrical testing/test areas!! EarthEarth--free environment may be required to minimise free environment may be required to minimise
 danger of electric shock;danger of electric shock;!! Use of electrically isolated supplies;Use of electrically isolated supplies;!! Use of suitably rated Use of suitably rated RCDs RCDs to operate rapidly at small to operate rapidly at small
 leakage currents.leakage currents.
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Some recent incidentsSome recent incidentsBriefly look at 4 recent Briefly look at 4 recent incidents that arise from:incidents that arise from:
 !! Developments in Developments in building practices;building practices;
 !! Equipment design and Equipment design and maintenance; andmaintenance; and
 !! Unsafe working Unsafe working practices.practices.
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Some recent incidents (1)Some recent incidents (1)!! Workman sustained Workman sustained
 severe electric shock severe electric shock during roofing work;during roofing work;
 !! Poor fixing of metallic Poor fixing of metallic roof support had roof support had damaged cable;damaged cable;
 !! Absence of bonding Absence of bonding cause roof support to cause roof support to remain energised;remain energised;
 !! Shock sustained shock Shock sustained shock when in contact with when in contact with both “live” roof support both “live” roof support and earthed scaffold.and earthed scaffold.
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Notch in joist for cables
 Ash-jack metal framework
 Ash-jack metal frame fixing
 Zone painted yellow on plywood indicating cable runs
 Incorrectly positioned cable
 Cables Joist
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Some recent incidents (2)Some recent incidents (2)!! Workman electrocuted Workman electrocuted
 during building work;during building work;!! Supplementary bonding Supplementary bonding
 associated with waste pipe associated with waste pipe found to be ineffective;found to be ineffective;
 !! Lighting circuit cables Lighting circuit cables damaged by screws that damaged by screws that passed through the metal passed through the metal frame of a hollow wall;frame of a hollow wall;
 !! Investigation found that Investigation found that waste pipe was waste pipe was inadvertently energised by inadvertently energised by the “live” metal frame.the “live” metal frame.

Page 23
                        

Some recent incidents (3)Some recent incidents (3)!! 2 employees sustained 2 employees sustained
 electric shocks whilst using a electric shocks whilst using a heated food trolley;heated food trolley;
 !! Trolley was a Class 1 Trolley was a Class 1 (earthed) appliance and had (earthed) appliance and had been designed/constructed been designed/constructed for use in an arduous for use in an arduous environment;environment;
 !! Earth fault caused by Earth fault caused by defective heating element;defective heating element;
 !! Shock sustained when in Shock sustained when in contact with both “live” trolley contact with both “live” trolley chassis and earthed frame of chassis and earthed frame of another trolley.another trolley.
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Some recent incidents (4)Some recent incidents (4)!! Engineer sustained severe Engineer sustained severe
 electric shock and burn injuries electric shock and burn injuries during routine maintenance during routine maintenance work on LV network;work on LV network;
 !! Attempting to provide Attempting to provide generator generator backfeed backfeed network network via an LV isolator panel;via an LV isolator panel;
 !! Blue phase switch had not fully Blue phase switch had not fully opened;opened;
 !! Injuries sustained when a nonInjuries sustained when a non--approved tool was used approved tool was used causing earth fault;causing earth fault;
 !! Engineer “understood” that the Engineer “understood” that the panel was fully insulated.panel was fully insulated.
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Lessons ArisingLessons Arising!! The majority of accidents involving The majority of accidents involving earthingearthing and and
 bonding practices arise from design defects, bonding practices arise from design defects, often linked with the human intervention;often linked with the human intervention;
 !! Some, particularly equipment defects, are Some, particularly equipment defects, are associated with inadequate maintenance;associated with inadequate maintenance;
 !! Important that designers and others associated Important that designers and others associated with an electrical installation and/or electrical with an electrical installation and/or electrical equipment recognise the need to apply equipment recognise the need to apply precautions to prevent danger;precautions to prevent danger;
 !! Current legal framework makes provision for Current legal framework makes provision for earthing earthing and other suitable precautions.and other suitable precautions.
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Further InformationFurther Information
 HSE INFOLINE HSE INFOLINE -- 08701 54550008701 545500www.hse.gov.ukwww.hse.gov.uk
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