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Preface

The Industrial Revolution during the 1800s was responsible for causing poor
living and working conditions in ever-expanding, densely populated urban
areas. Outbreaks of cholera and other serious diseases (through poor sanita-
tion, damp conditions and lack of ventilation) forced the government to take
action. Building control took on the greater role of Health and Safety through
the first Public Health Act in 1875 and this eventually led to the first set of
national building standards (i.e. the Building Regulations).

As is the case with most official documents, as soon as they were published,
they were almost out of date and consequently needed revising. So it wasn’t
too much of a surprise to learn that the committee responsible for writing
the Public Health Act of 1875 had overlooked the increased use of electric
power for street lighting and/or domestic purposes. Electricity was beginning
to become increasingly popular but, as there were no rules and regulations
governing their installation at that time, the companies or person responsible
simply dug up the roads and laid the cables as and where they felt like it!

From a Health and Safety point of view the Government of the day
expressed extreme concern at this exceedingly dangerous situation and so
in 1882 The Electric Lighting Clauses Act (modelled on the previous 1847
Gas Act) was passed by Parliament. This legislation was implemented by
Rules and Regulations for the prevention of Fire Risks Arising from Electric
Lighting and it is this document that is the forerunner of today’s IEE Wiring
Regulations. Since then, this document has seen a succession of amend-
ments, new editions and new titles and has now become the 17th edition of
the IEE Wiring Regulations (i.e. BS 7671:2008 ‘Requirements for Electrical
Installations’).

The current legislation for all Building Control is the Building Act 1984,
which is implemented by the Building Regulations 2000 and these Building
Regulations are a set of minimum requirements designed to secure the health,
safety and welfare of people in and around buildings and to conserve fuel and
energy in England and Wales. They are basic performance standards which
are supported by a series of documents that correspond to the different areas
covered by the regulations. These are called ‘Approved Documents’ and they
contain practical and technical guidance on ways in which the requirements
of the Building Act 1984 can be met.

Since the introduction of the Public Health Act in 1875 there has always,
therefore, been a direct link between Electrical Installations and Building
Control and parts of all of the Approved Documents have an affect on
these sorts of installation. With the publication of Approved Document P
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for ‘Electrical Safety’ in 2005, however, the design, installation, inspection
and testing of electrical installations has now become inextricably linked to
Building Control and the purpose of this book is attempt to draw all of the
various requirements together.

Over the past 120 years there have been literally hundreds of books written
on the subject of electrical installations, but the aim of Wiring Regulations
in Brief is not just to become another book on the library shelf to be occa-
sionally looked at. The intention is that it will provide professional engineers,
students and (i.e. to a lesser degree) the unqualified DIY fraternity with an
easy-to-read reference source to the official requirements of BS 7671:2008
for electrical safety and electrical installations.

Although BS7671:2008 is well structured and has separate sections for all
the main topics (e.g. safety protection, selection and erection of equipment
and so on) it is not the easiest of standards to get to grips with for a particular
situation. Occasionally it can be very confusing and requires the reader to
constantly flick backwards and forwards through the book to find what it is
all about.

For example, Regulation 411.4.7 states that: ‘Where a circuit-breaker
is used to satisfy the requirements of Regulation 411.3.2.2 or Regulation
411.3.2.3, the maximum value of earth fault loop impedance (Z;) shall be
determined by the formula in Regulation 411.4.5. Alternatively, for a nominal
voltage (U,) of 230V and a disconnection time of 0.4s in accordance with
Regulation411.3.2.2 or 5 s in accordance with Regulation 411.3.2.3, the values
specified in Table 41.3 for the types and ratings of overcurrent devices listed
may be used instead of calculation.’

The intention of Wiring Regulations in Brief, therefore, is to peel away
some of this confusion and ‘officialise’ and provide the reader with an
on-the-job reference source that can be quickly used without having to delve
backwards and forwards though the standard.

Please note, however, that this is only the author’s impression of the most
important aspects of the Wiring Regulations and their association with the
Building Regulations. It should, therefore, only be treated as an aide mémoire
to the Regulations and electricians should always consult BS 7671 to satisfy
compliance.

Main changes in the 2008 edition of BS 7671

Following a full review, the 17th edition of the IEE Wiring Regulations BS
7671:2008 replaces the previous 2001 16th edition.

Technical authority for this Standard is vested in the Joint IET/BSI
Technical Committee JPEL/64. This Joint Technical Committee is responsible
for the work previously undertaken by the IEE Wiring Regulations Technical
Committee and the BSI Technical Committee PEL/64. Copyright is held
jointly by the IET and BSI.
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The latest edition of the Wiring Regulations (i.e. BS 7671:2008 Requirements
for Electrical Installations) was issued on 1 January 2008 and came into effect
on 1 July 2008. Installations designed after 30 June 2008 are to comply with
BS 7671:2008.

The Regulations apply to the design, erection and verification of electrical
installations, also additions and alterations to existing installations. Existing
installations that have been installed in accordance with earlier editions of the
Regulations may not comply with this new edition in every respect, but this
does not necessarily mean that they are unsafe for continued use or require
upgrading.

BS 7671:2008 includes changes necessary to maintain technical alignment
with CENELEC harmonisation documents and a summary of the main changes
is provided below:

e Continuity of service now requires that an assessment be made for each
circuit.

Documentation for all electrical installations must now be provided.
FELV is recognised as a protective measure and new requirements are
detailed.

e New additional requirements to ensure the safe connection of low voltage
generating sets including small-scale embedded generators (SSEGs) have
now been included.

e Protection against electric shock now refers to protection under normal
conditions (previously referred to as protection against direct contact)
and fault protection (previously referred to as protection against indirect
contact).

e Protection against overvoltages of atmospheric origin or due to switch-
ing has additional regulations enabling designers to use a risk assessment
approach when designing installations which may be susceptible to over-
voltages of atmospheric origin.

e Protection of low-voltage installations against temporary overvoltages due
to earth faults in the high-voltage system and due to faults in the low-voltage
system have now been included.

e Requirements concerning the UK reduced low-voltage system are now
included.

e Requirements to protect against voltage disturbances and implement
measures against electromagnetic influences have now been included.

e Requirements for safety services (e.g. emergency escape lighting, fire alarm
systems, installations for fire pumps, fire rescue service lifts, smoke and
heat extraction equipment) now need to be observed.

Safety services have been expanded in line with IEC standardization.
Selection and erection of wiring systems now includes busbar trunking
systems and powertrack systems.

e The requirement that a metallic pipe of a water utility supply shall not
be used as an earth electrode is retained and other metallic water supply
pipework (such as a privately owned water supply network) shall now
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not be used as an earth electrode unless precautions are taken against its

removal and it has been considered for such a use.

There is a new series of regulations for luminaries and lighting

installations.

Inspection and testing (which was Part 7 of BS 7671:2001) has been

restructured as a new Part 6 and now includes changes to the requirements

for insulation resistance, when testing SELV and PELV circuits at 250V

and for systems up to and including 500V (including FELV).

Special installations or locations (which was previously Part 6 of

BS 7671:2001) has now been restructured and expanded as a new Part 7

with the following major amendments:

o Agricultural and horticultural premises:

o additional requirements applicable to life support systems have now
been included

o the reduced disconnection times (0.2s) and the 25V equation no longer
appear.

o Construction and demolition site installations:

o the reduced disconnection times (0.2s) and the 25V equation no longer
appear.

o Electrical installations in caravan/camping parks and similar locations:

o now includes the requirement that each socket-outlet must be provided,
individually, with overcurrent and RCD protection.

o Locations containing a bath tub or shower basin:

o each circuit in the special location must have 30mA RCD protection

o Supplementary bonding is no longer required providing the installation
has main bonding in accordance with Chapter 41

o socket-outlets (other than SELV and shaver supply units to BS EN
61558-2-5) may be installed in locations containing a bath or shower
3m horizontally beyond the boundary of zone 1

o zone 3 is no longer defined.

o Rooms and cabins containing sauna heaters:

o zones A, B, C and D in BS 7671:2001 are replaced by zones 1, 2 and 3
(with changed dimensions).

o Swimming pools and other basins:

o this special location now includes basins of fountains

o zones A, B and C in BS 7671:2001 are replaced by zones 0, 1 and 2.

The following new sections have also been included in Part 7:

exhibitions, shows and stands

floor and ceiling heating systems

marinas and similar locations

mobile or transportable units

solar photovoltaic (PV) power supply systems

temporary electrical installations for structures, amusement devices and
booths at fairgrounds, amusement parks and circuses.
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Note: For some reason the numbering system of section 7 of BS 7671:2008 is
not sequential, so you will need to be careful.
The following new appendices have also been included:

e current-carrying capacity and voltage drop for busbar trunking and power-
track systems
definitions concerning multiple source, d.c. and other systems
effect of harmonic currents on balanced three-phase systems
measurement of earth fault loop impedance (consideration of the increase
of the resistance of conductors with increase of temperature)

e methods for measuring the insulation resistance/impedance of floors and
walls to earth or to the protective conductor system
protection of conductors in parallel against overcurrent
ring and radial final circuit arrangements
voltage drop in consumers’ installations.

Content of this book

To reflect these changes, this second edition of Wiring Regulations in Brief is
structured as follows:

Chapter 1 The background to BS 7671, what it contains and a

Introduction description of its unique numbering system, objectives and
legal status. The effect that the Wiring Regulations have
on other Regulations and how this British Standard can be

implemented.
Chapter 2 The requirements of the Building Act 1984 together with the
Domestic Building Regulations:2000 and their Approved Documents
buildings (which provide guidance for conformance) and how these

Building Control Regulations inter-relate with the Wiring
Regulations. A resumé of the responsibilities for electrical
installations. The types of inspections and tests that have to
be completed and the requirements for records. The contents
of Approved Document P for electrical safety and other
relevant Approved Documents (such as those for Fire Safety,
Access and Facilities for Disabled People, Conservation of
Fuel and Power, Resistance to the Passage of Sound etc.)
together with a listing of all the most important requirements
that directly concern electrical installations.

Note: Whilst the requirements from the Wiring Regulations are normally pref-
aced by the word ‘shall’ (meaning that this section is a mandatory require-
ment), you will notice that the Building Regulations use the words ‘should’
(i.e. recommended), ‘may’ (i.e. permitted) or ‘can’ (i.e. possible).

The reason for this is that Approved Documents reproduce the actual
requirements contained in the Building Regulations relevant to a particular
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subject area. This is then followed by practical and technical guidance
(together with examples) showing how the requirements can be met in some
of the more common building situations. There may, however, be alternative
ways of complying with the Building Regulations 2000’s requirements to
those shown in the Approved Documents and you are, therefore, under no
obligation to adopt any particular solution in an Approved Document — if you
prefer to meet the requirement(s) in some other way — but you must meet the

requirement!

Chapter 3
Earthing

Chapter 4
Safety
protection

Chapter 5
Electrical
equipment,
components,
accessories and
supplies

Chapter 6
Cables and
conductors

This chapter reminds the reader about the different
types of earthing systems and earthing arrangements. It
then lists all the main requirements for earthing before
briefly touching on the test requirements for earthing.

Chapter 4 lists the main requirements for safety
protection. Basic protection against electric shock,
fault protection, protection against both direct and
indirect contact, protective conductors and protective
equipment and then lists the test requirements for
safety protection.

The amount of different types of equipment,
components, accessories and supplies for electrical
installations currently available is enormous and any
attempt to cover every type, model and/or manufacture
would prove an impossible task for a book such as this.
The intention of this chapter, therefore, is to provide

a catalogue of all the different types identified and
referred to in the Wiring Regulations (e.g. luminaires,
RCDs, plugs and sockets etc.) and then make a list of
the specific requirements that are sprinkled throughout
the Regulations. For your convenience this catalogue
has been compiled in alphabetical order.

Within the Wiring Regulations there is frequent
reference to different types of cables (e.g. single core,
multicore, fixed, flexible etc.) conductors (such as live
supply, protective, bonding etc.) and conduits, cable
ducting, cable trunking and so on. Unfortunately,

as is the case for equipment and components, the
requirements for these items is liberally sprinkled
throughout the Standard.

The aim of Chapter 6, therefore, is to provide a
catalogue of all the different types identified and
referred to in the Wiring Regulations in three main
headings (namely cables, conductors and conduits/etc)
and then make a list of their essential requirements.
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Chapter 7
Special
installations
and locations

Chapter 8
External
influences

Chapter 9
Inspection
and testing

Chapter 10
Installation,
maintenance
and repair

Whilst the Regulations apply to all electrical
installations in buildings, there are also some indoor
and out-of-doors special installations (such as floor
and central heating systems) and locations (such

as swimming pools) that are subject to special
requirements owing to the extra dangers they pose.

Chapter 7 considers the requirements for these special
locations and installations.

The new edition of BS 7671 now includes far

more details of the regulations concerning external
influences and (i.e. in Appendix 5 to BS 7671:2008)
provides a concise list of environmental influences.
Chapter 8 of this editon of the book provides guidance
on all forms of external influence. Also included in
this chapter are extracts from the current Regulations
that have an impact on the environment.

To meet the requirements for electrical safety, it is
essential for any electrician engaged in inspection,
testing and certification of electrical installations to
have a full working knowledge of the IEE Wiring
Regulations.

The electrician must also have above-average
experience and knowledge of the type of installation
under test in order to carry out any inspection and
testing. Without this prerequisite, it could be quite
dangerous.

Chapter 9 provides a consolidated list of how electrical
installations shall be inspected and tested as well as a
brief insight into some of the test equipment that may
be used.

This final chapter of the book provides some guidance
on the requirements for installation, maintenance

and repair of electrical installations. It lists the
Regulations’ requirements for these activities with
respect to electrical installations and (in an appendix)
provides an example stage audit checklist for designers
and engineers to use.

These Chapters are then supported by the following appendices:

Appendix A: Symbols used in electrical installations
Appendix B: List of electrical and electromechanical symbols
Appendix C: SI units for existing technology

Appendix D: Acronyms and abbreviations
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Appendix E: British Standards currently used with the Wiring Regulations
(by standard and by title)

Appendix F: List of useful contacts and further information

plus a full Index

It is hoped that the following symbols will help you get the most out of
this book:

Need to be careful (e.g. very necessary requirement, a potential minefield or
legal/statutory requirement).

A good idea or a useful reminder.

For your assistance, I have also highlighted all the really essential and/or
mandatory requirements of a particular section as shown in the following
example:

An RCD shall not be used in a TN-C system. WR-411.4.4

For your convenience (and to save you having to look backwards and for-
wards through the book for the correct Requirement) quite of a lot of these
Requirements have been shown more than once (i.e. in different chapters and/
or sections of the book — as have a few of the figures and tables.

Note: If any reader has any thoughts about the contents of this book (such as
areas where perhaps they feel I have not given sufficiently coverage, omissions
and/or mistakes etc.) then please let know by emailing me at ray @herne.org.uk
and I will make suitable amendments in the next edition of this book.

Enjoy!

Ray Tricker



Acknowledgements

I would like to thank the Institution of Engineering and Technology (IET) for
giving me permission to reproduce the following Tables and Figures:

Tables 3.1, 3.2, 3.3, 3.4, 4.1, 6.2, 6.6, 6.7, 6.11, 8.4, 8.5, 8.18, and 9.13,
and Figures 5.2, 5.3, 6.6, 6.7 and 10.2 which are taken from The IEE Wiring
Regulations: BS7671: 2001 incorporating Amendments 1 & 2: 2004 (The
IEE, London, UK in agreement with BSI, 2004) ISBN 0863413730.

Figures 9.2, 9.3, 9.4 and 9.6 which are taken from The IEE On-Site Guide
(BS 7671: 2001 16th edition Wiring Regulations including Amendments 1 &
2:2004) (IEE Publications, 2004) ISBN 0863413749.

I would also like to thank the following organizations for providing me
with assistance in the preparation of this book and for giving me permission
to use copy-righted materials for illustration purposes in the following tables
and figures:

BRE Certification Ltd for use of their logo in Figure 2.3

BSI for use of their logo in Figure 2.3, for giving permission to reproduce
Figure 5.5 and Tables 5.3, 5.4, 5.5, 6.12, 8.7 and 9.6

CORGI Competent Persons Scheme for use of their logo in Figure 2.3

ELECSA Ltd for use of their logo in Figure 2.3

NAPIT Certification Ltd for use of their logo in Figure 2.3

NICEIC for use of their logo in Figure 2.3

OFTEC for use of their logo in Figure 2.3

TrustMark for use of their logo in Figure 2.4

Note: Please see Appendix F for full contact details for these organizations.

In addition I would like to give due recognition to the following tables and
figures which are reprinted by kind permission from Elsevier.

Figure 1.3 is taken from Introduction to Health and Safety at Work, Second
Edition, Hughes and Ferrett, 2005, ISBN 0750666234

Tables 4.2 and 6.4, and Figures 3.13, 3.14, 3.15, 3.17, 4.1, 4.3, 4.8,
4.10 and the inside cover diagrams are taken from 17th edition IEE Wiring
Regulations: explained and Illustrated, eighth edition, Scaddan, 2008, ISBN
9780750687201.

Figures 2.3, 2.5, 2.6, 2.8, 2.9, 2.10, 2.11, 9.16, 9.17, 9.19 and 9.21
from Building Regulations in Brief, fourth edition, Tricker, 2006, ISBN
075068058X.

Note: The BSI logo, Kitemark and the Kitemark symbol are produced with
permission of the British Standards Institute and are the Registered Trademarks
of such in the United Kingdom, and others apply in other countries around the
world.



This page intentionally left blank



’
Introduction

1.1 Introduction

The IEE Wiring Regulations is a 389-page document that defines the way in
which all electrical installation work must be carried out. It does not matter
whether the work is carried out by a professional electrician or an unqualified
DIY enthusiast, the installation must comply with the Wiring Regulations.

The current edition of the Regulations is BS 7671:2008: Requirements for
Electrical Installations, IEE Wiring Regulations (Seventeenth Edition), more
commonly referred to as ‘The Red Book’ or ‘the 17th edition’.

Figure 1.1 Front cover of BS 7671:2008



2 Wiring Regulations in Brief

This British Standard is published with the full support of the BEC (i.e. the
British Electrotechnical Committee — who are the UK national body respon-
sible for formal standardisation within the electrotechnical sector) in partner-
ship with the BSI (i.e. the British Standards Institution — who have ultimate
responsibility for all British Standards produced within this sector) and The
Institution of Engineering and Technology (IET) — who, with more than
135,000 members, are Europe’s largest grouping of professional engineers
involved in power engineering, communications, electronics, computing, soft-
ware, control, informatics and manufacturing.

The technical authority for this standard is The National Committee
for Electrical Installations (JPEL/64), which is a Joint IET/BSI Technical
Committee responsible for all the work previously undertaken by the IEE
Wiring Regulations Committee and BSI Technical Committee PEUG64.
Copyright is jointly held by BSI and the IET.

Note: Please note that all references in this book to the ‘Wiring Regulations’
or the ‘Regulation(s)’, where not otherwise specifically identified, refer to BS
7671:2008, Requirements for Electrical Installations.

BS 7671:2008 was issued on 1 January 2008 and came into effect on 1 June
2008.

All installations that were (or are) designed after 1 June 2008 must comply
with this edition, as amended and expanded.

1.2 Historical background

The first public electricity supply in the UK was at Godalming in Surrey, in
November 1881, and mainly provided street lighting. At that time, there were
no existing rules and regulations available to control electrical installations
and so the electricity company just dug up the roads and laid the cables in the
gutters. This particular electricity supply was discontinued in 1884.

On 12 January 1882, the steam-powered Holborn Viaduct Power station
opened and this facility supplied 110V d.c. for both private consumption and
street lighting. Once more, there was no one in authority to tell the electricity
supplier how to lay the cables and their positioning was, therefore, dependent
on the electrician responsible for that particular section of the work.

Later on in 1882, The Electric Lighting Clauses Act (modelled on the pre-
vious 1847 Gas Act) was passed by Parliament and this enabled the Board
of Trade to authorise the supply of electricity in any area by a local author-
ity, company or person and to grant powers to install this electrical supply
(including breaking up the streets) through the use of the 1882 Rules and
Regulations for the prevention of Fire Risks Arising from Electric Lighting.
This document was the forerunner of today’s IEE Wiring Regulations.

Historically, since 1882, there has been a succession of amendments and
new editions of the Regulations as shown in Table 1.1.

By now this continual updating was seen as a bit of a problem, particularly
to designers and installers who had to ensure that they were always working
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Table 1.1 Succession of amendments and new editions of Wiring Regulations

1882

1888
1897

1903
1907
1911
1916
1924

1927
1934
1939

1950
1955
1966

First edition

Second edition
Third edition

Fourth edition
Fifth edition
Sixth edition
Seventh edition
Eighth edition

Ninth edition
Tenth edition
Eleventh edition

Twelfth edition
Thirteenth edition
Fourteenth edition

Entitled ‘Rules and Regulations for the prevention of
Fire Risks Arising from Electric Lighting’

Entitled ‘General Rules recommended for Wiring for
the Supply of Electrical Energy’
Entitled ‘Wiring Rules’

Entitled ‘Regulations for the Electrical Equipment of
Buildings’

Revised issue (1943), Reprinted with minor
amendments (1945), Supplement issued (1946),
Revised Section 8 (1948)

Supplement issued (1954)

Reprinted 1958, 1961, 1962 and 1964

Reprinted 1968, 1969, 1970 (in metric units), 1972,
1973, 1974 and 1976

in compliance to the latest Regulations. With the publication of the fifteenth
edition, therefore, it was decided that in future, reprints of the same edition
would be contained in one of five different-coloured covers (i.e. red, green,
yellow, blue and brown) and a new edition would be published when the
brown-covered reprint required updating.

Table 1.2 BS 7671:2001 — Publication details

1981
1983
1984
1986
1987

1988
1991

1994

1997

2001

2004

2008

Red cover Fifteenth Entitled ‘Regulations for Electrical
edition Installations’

Green cover Reprinted incorporating amendments

Yellow cover Reprinted incorporating amendments

Blue cover Reprinted incorporating amendments

Brown cover
Brown cover

Reprinted incorporating amendments
Reprinted with minor corrections

Red cover Sixteenth Reprinted with minor corrections in 1992
edition

Green cover

Yellow cover

Blue cover

Brown cover

Reprinted as BS 7671 in 1992
Amendment No 1 issued Dec 1994
Reprinted incorporating Amendment No 1
Amendment No 2 issued Dec 1997
Reprinted incorporating Amendment No 2
Amendment No 3 issued Apr 2000

BS 7671:2001 issued Jun 2001 (see Note
below)

Amendment No 1 issued Feb 2002
Amendment No 2 issued Mar 2004
Reprinted incorporating Amendments No

1 and No 2
Red cover Seventeenth  New edition aligned with existing and
edition new CENELEC, IEC and EN Harmonised

Documents
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Note: BS 7671:2008 includes some important changes that were required
in order to maintain technical alignment with CENELEC harmonisation
documents.

1.3 What does the Standard contain?

This Standard ‘contains the rules for the design and erection of electrical
installations so as to provide for safety and proper functioning for the intended
use’ and is based on the plan agreed internationally (i.e. through CENELEC)
for the ‘arrangement of safety rules for electrical installations’.

The structure of BS 7671:2008 is given in Table 1.3.

Table 1.3 BS 7671:2008 — Structure

Part 1 Sets out the scope, object and fundamental principles.
Part 2 Defines certain terms used throughout the Regulations.
Part 3 Identifies the characteristics of an installation that will need to be taken

into account in choosing and applying the requirements of the subsequent
Parts of the Regulations.

@  These characteristics may vary from one part of an installation to

i another and need to be assessed for each location to be served by the

- installation.

Part 4 Describes the basic measures that are available for the protection of

persons, property and livestock and against the hazards that may arise
from the use of electricity.

Part 5 Describes the precautions that need to be taken in the selection and
erection of the equipment of an installation.

Part 6 Covers inspection and testing.

Part 7 Identifies particular requirements for special installations or locations.

Any intended departure from the requirements of Parts 1 to 6 requires spe-
cial consideration by the installation designer and must be documented in the
Electrical Installation Certificate specified in Part 6.

The seven parts of the Standard are then supported by the following
Appendices (Table 1.4).

Table 1.4 BS 7671:2008 — Appendices

Appendix Title Description and remarks
1. British and other 3 Reproduced in the Reference section of this
Standards to which \ book.

reference is made in
the Regulations

2. Statutory Regulations Details of all the Statutory Regulations,
and associated legislation and EU Harmonised Directives
memoranda that electrical installations are required to

comply with.

(continued)



Table 1.4 (continued)

Appendix Title Description and remarks

3. Time/current Details of time/current characteristics for:
characteristics of o fuses
overcurrent protective e circuit breakers
devices and RCDs o RCDs.

4. Current-carrying Schedules of:
capacity and voltage e installation methods for conductors and
drop for cables and cables (e.g. cleated, in conduits, on trays,
flexible cords in trenches)

e cable specifications and current rating
tables (e.g. armoured cables, mineral
insulated cables, fire-resistant cables,
screened cables)

e correction factors (for groups of cables,
mineral insulated cables, cables installed
in trenches, ambient temperature where
protection is against short circuits and
overload)

e copper conductors

e aluminium conductors.

5. Classification of Lists and schedules of external influences
external influences having an influence on electrical installations

(for details see Table 1.5).

6. Model forms for Reproduced in Part 6 of this book.
certification and
reporting ‘

7. Harmonised cable T‘ Current details of cable core marking and
core colours . colours that are to be used in all installations

- (for details see inside front and back cover of
this book).

8. Current-carrying Information concerning:
capacity and voltage e the basis of current-carrying capacity
drop for busbar trunking e rating factors for current-carrying capacity
and powertrack systems of busbar trunking systems

e effective current-carrying capacity

e protection against overload current

e voltage drop.

9. Definitions — multiple Examples of TN-C, TN-S, TN-C-S, TT and
sources, d.c. and other IT systems.
systems

10. Protection of conductors Information concerning:
in parallel against e overload protection of conductors in
overcurrent parallel

e short circuit protection of conductors in
parallel.

11. Effect of harmonic Information about rating factors for triple
currents on balanced harmonics (examples and details of
three-line systems harmonic currents in line conductors)

12. Voltage drop in Information concerning the maximum

consumers’ installations

allowable value of voltage drop.
(continued)
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Table 1.4 (continued)

Appendix

Title

Description and remarks

13.

14.

15.

Methods for measuring
the insulation resistance/
impedance of floors and
walls to earth or to the
protective conductor
system

Measurement of earth

fault loop impedance:
consideration of the
increase of the resistance
of conductors with increase
of temperature

Ring and radial final circuit
arrangements

Test methods.
Test electrodes.

Informative.

Information concerning Section 433.1.5.

Table 1.5 List of external influences relevant to electrical installations

Environment Utilisation Buildings
Altitude (metres) Capability Structure
Ambient temp. (°C) Contact with earth

Corrosion Evacuation

Electromagnetic Materials

Fauna Resistance

Flora

Foreign bodies

Impact

Lightening

Movement of air
Other mechanical stresses

Seismic
Solar

Temperature and humidity

Vibration
Water
Wind

1.3.1 What about the Standard’s numbering system?

The numbering system used to identify specific requirements in BS
7671:2006 is as follows:

The first digit signifies a Part.
The second digit signifies a Chapter.

The third digit signifies a Section.

Subsequent digits signify the Regulation number.
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@@ Example

Section number 413 is made up as follows:

PART 4 — Protection for safety

Chapter 41 (first chapter of Part 4) — Protection against electric shock.
Section 413 (third section of Chapter 41) — Protective measure:
electrical separation.

1.4 What are the objectives of the
IEE Wiring Regulations?

Current legal requirements for employee competence in electrical work now
call for everyone involved in certain electrical activities — for example, simply
choosing the size of cable or fuse — to be aware of the regulative requirements
associated with such work. BS 7671:2008 (i.e. The IEE Wiring Regulations)
is the traditionally approved Code of Practice for those who are involved in
(or supervise) electrical work such as electrical maintenance, control and/or
instrumentation.

The stated intention of wiring safety codes is to ‘provide technical, per-
formance and material standards that will allow sufficient distribution of elec-
trical energy and communication signals, at the same time protecting persons
in the building from electric shock and preventing fire and explosion’ (IET).
In other words:

To ensure the protection of people and livestock from fire, shock or
burns from any installation that complies with their requirements.

The Regulations form the basis of safe working practice throughout the
electrical industry.

1.5 What is the legal status of the
IEE Wiring Regulations?

Although the IEE Wiring Regulations have always been held in high esteem
throughout Europe, they had no legal status and did not require Continentals
who were carrying out installation work in the UK to abide by them. This
problem was overcome in October 1992 when the IEE Wiring Regulations
became a British Standard, BS 7671 — thus providing them with national/
international status.
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Note: Although the Regulations are non-statutory regulations they may,
however, be used as evidence in a court of law to claim compliance with a
statutory requirement.

1.6 What do they cover?

As shown below, the IEE Wiring Regulations cover both electrical installa-
tions and electrical equipment.

1.6.1 Electrical installation

Definition
For the purpose of the Regulations:

Electrical installations (or installation) means any assembly of associ-
ated electrical equipment supplied from a common origin to fulfil a spe-
cific purpose and having certain co-ordinated characteristics.

The Regulations apply to the design, erection and verification of electrical
installations such as those of:

agricultural and horticultural premises;

caravans, caravan parks and similar sites;

commercial premises;

construction sites, exhibitions, shows, fairgrounds and other installations for
temporary purposes including professional stage and broadcast applications;
external lighting and similar installations;

industrial premises;

marinas;

mobile or transportable units;

photovoltaic systems;

prefabricated buildings;

public premises;

low-voltage generating sets;

highway equipment and street furniture;

residential premises.

Note: ‘Premises’ covers the land and all facilities including buildings belong-
ing to it.

The Regulations include requirements for:

the addition to (or alteration of) installations and parts of existing installa-
tions affected by an addition or alteration;

circuits (but not apparatus and/or equipment internal wiring) operating
at voltages greater than 1000V and derived from an installation having
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a voltage not exceeding 1000V a.c. (e.g. discharge lighting, electrostatic
precipitators);

circuits supplied at nominal voltages up to and including 1000V a.c. or
1500V d.c;

Note: although the preferred frequencies are 50 Hz, 60 Hz and 400 Hz, the
use of other frequencies for special purposes is not excluded

consumer installations external to buildings;

fixed wiring for communication and information technology, signalling,
command and control etc. (but not apparatus and/or equipment internal
wiring);

wiring systems and cables not specifically covered by the Standards for
appliances.

Although the Regulations are intended as a Standard for electrical installations,
in certain cases, they may need to be supplemented by the requirements and/or
recommendations of other British Standards or by the requirements of the per-
son ordering the work. Such cases could include (among others) the following:

design and installation of temporary distribution systems delivering a.c.
electrical supplies for lighting, technical services and other entertainment
related purposes — BS 7909;

electrical equipment for explosive gas atmospheres — BS EN 60079;
electrical equipment for use in the presence of combustible dust — BS EN
50281 and BS EN 61241;

electric signs and high-voltage luminous discharge tube installations —
BS 559 and BS EN 50107,

electric surface heating systems — BS 6351;

electrical installations for open-cast mines and quarries — BS 6907;
emergency lighting — BS 5266;

fire detection and alarm systems in buildings — BS 5839;
telecommunications systems — BS 6701.

The Regulations do not apply to the following installations:

aircraft equipment;

‘distributor’s equipment’ as defined in the Electricity Safety, Quality and
Continuity Regulations 2002;

electrical equipment of machines covered by BS EN 60204;

equipment of mobile and fixed offshore installations;

equipment on board ships;

lightning protection systems for buildings and structures covered by
BS EN 62305;

motor vehicle equipment (except those to which the requirements of the
Regulations concerning caravans are applicable);

radio interference suppression equipment (except so far as it affects safety
of the electrical installation);

railway traction equipment, rolling stock and signalling equipment;
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e those aspects of lift installations covered by relevant parts of BS 5655 and
BS EN 81-1;

e those aspects of mines and quarries specifically covered by Statutory
Regulations.

Note: For installations in premises, which are subject to statutory control
(e.g. via a licensing or other authority), the requirements of that authority will
need to be confirmed and these requirements then complied with in the design
and implementation of those installations.

1.6.2 Electrical equipment

Definition
For the purpose of these Regulations:

Electrical equipment (or Equipment) means any item used for
generation, conversion, transmission, distribution or utilisation
of electrical energy, such as machines, transformers, apparatus,
measuring instruments, protective devices, wiring systems, acces-
sories, appliances and luminaires.

The Regulations are only applicable to the actual selection and application of
items of electrical equipment in an electrical installation.

The Regulations do not deal with requirements for the construction of
assemblies of electrical equipment, which are required to comply with the
appropriate Standards.

1.7 What effect does using the Regulation
have on other Statutory Instruments?

The requirements of the IEE Wiring Regulations also have an effect on the
implementation of other Statutory Instruments such as:

the Building Act 1984;

the Disability Discrimination Act 1995;
the Electricity at Work Regulations 1989;
the Fire Precautions Act 1971;

the Health and Safety at Work Act 1974.

1.7.1 What is the Building Act 19847

The Building Act 1984 (as implemented by the Building Regulations 2000)
is the enabling Act under which all Building Regulations have been made.
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The Secretary of State (under the power given in the Building Act 1984) is
required to:

e secure the health, safety, welfare and convenience of persons in or about
buildings and of others who may be affected by buildings or matters con-
nected with buildings;
further the conservation of fuel and power;
prevent waste, undue consumption, misuse or contamination of water

and may make regulations with respect to the design and construction of
buildings and the provision of services, fittings and equipment in (or in) con-
nection with) buildings.

Note: The current regulations governing the Building Regulations 2000
are SI 2000/2531 (as amended) — a copy of which can be downloaded from:
www.opsi.gov.uk/si/si2000/20002531.

Building Act 1984

CHAPTER 39

a—

Figure 1.2 The Building Act 1984

For many years, the UK has managed to maintain a relatively high standard
of electrical safety within buildings (domestic and non-domestic) based on vol-
untary controls centred around BS 7671. With the growing number of electrical
accidents occurring in the ‘home’, the government has now been forced to imple-
ment a legal requirement for safety in all electrical installation work in dwellings.

As from 1 January 2005, therefore, all new electrical wiring or electrical
components for domestic premises (or small commercial premises linked to
domestic accommodation) must be designed and installed in accordance with



12 Wiring Regulations in Brief

the Building Regulations, Part P (which is based on the fundamental principles
set out in Chapter 13 of BS 7671:2008).

In addition, all fixed electrical installations (i.e. wiring and appliance fixed to
the building fabric such as socket-outlets, switches, consumer units and ceil-
ing fittings) must now be designed, installed, inspected, tested and certified
to BS 7671.

Part P of the Building Regulations also introduces the requirement for the
cable core colours of all a.c. power circuits to align with BS 7671.

Note: Part P only applies to fixed electrical installations that are intended to
operate at low-voltage or extra-low-voltage which are not controlled by the
Electricity Supply Regulations 1988 as amended, or the Electricity at Work
Regulations 1989 as amended.

Competent Persons Scheme

Under Part P of the Building Regulations, all domestic installation work must
now be inspected by Local Authority Building Control officers unless the work
has been completed by a ‘Competent Person” who is able to self-certify the
work. The IEE supports the Part P Competent Person Scheme.

For more details about the Building Regulations, visit: http://www.communities.
gov.uk/index.asp?id = 1130474 or see Building Regulations in Brief, 5th edi-
tion (ISBN 978-0-7506-8444-6).

1.7.2 What is the Disability Discrimination Act 2005?

&

Disability
Discrimination Act
2005

Figure 1.3 The Disability Discrimination Act 2005
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The Disability Discrimination Act 1995 (DDA) is: an Act to make it unlawful
to discriminate against disabled persons in connection with employment, the
provision of goods, facilities and services or the disposal or management of
premises; to make provision about the employment of disabled persons; and
to establish a National Disability Council.

From the point of view of BS 7671:2001, the Disability Act 1995 as
amended in 2005 makes it unlawful:

e for a trade organisation to discriminate against a disabled person;

e for a qualifications body to discriminate against a disabled person;

e for service providers to make it impossible or unreasonably difficult for
disabled persons to make use of that service.

~ For more details about the DDA see: http://www.direct.gov.uk/en/Disabled
People

1.7.3 What are the Electricity at Work Regulations 1989?

Figure 1.4 The Electricity at Work Regulations 1989

The Electricity at Work Regulations 1989 impose health and safety require-
ments with respect to electricity used at work. General duties are imposed to
ensure that:

e all electrical systems have been properly constructed and maintained, and
are used in such a way so as not to give rise to danger;
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e responsibilities for safety fall with the Employer or Self-Employed Person
who employs one or more individuals under a Contract of Employment;

e maintenance of fixed electrical installations and portable appliances is car-
ried out and regular inspections are made to ensure their safety;

e persons responsible for buildings or electrical installations and appliances
ensure that electrical test certificates confirming the installations and
appliances have been tested are in place.

Note: The Electricity at Work Regulations 1989 also state that where an
accident occurs and it is found that the systems are not covered by a valid test
certificate, the Health & Safety Executive (HSE) takes a keen interest in pros-
ecutions resulting from electrocution or death within the workplace. Reducing
the risk of such an accident is a legal requirement.

Overall the Regulations require that:

e all electrical systems shall be constructed and maintained to prevent
danger;
all electrical equipment and installations are maintained in a safe condition;
all people working with electricity are competent to do the job. Complicated
tasks (i.e. equipment repairs, alterations, installation work and testing) may
require a suitably qualified electrician;
all staff are aware of your organisation’s electrical safety arrangements;
all work activities are to be carried out so as not to give rise to danger;

e ecquipment and procedures are safe and suitable for the working
environment;

e equipment is switched off and/or unplugged before making adjustments.
‘Live working’ must be eliminated from work practices.

Electricity is recognised as a major hazard for not only can it kill (research
has shown that the majority of electric shock fatalities occur at voltages up to
230V), but it can cause fires and explosions. Even non-fatal shocks can cause
severe and permanent injury. Most of the electrical risks can be controlled by
using suitable equipment, following safe procedures when carrying out elec-
trical work and/or ensuring that all electrical equipment and installations are
properly maintained.

Additional precautions will also be required for harsh and particular condi-
tions (i.e. wet surroundings, cramped spaces, work out of doors or near live
parts of equipment). For this reason the Electricity at Work Regulations 1989
are used to impose health and safety requirements for electricity used at work.

While the majority of the Regulations concern hardware requirements,
others are more generalised. For example:

e Installations shall be of proper construction.
Conductors shall be insulated.
Means of cutting off the power and for electrical isolation shall be
available.
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In brief, the Regulations concern the following:

Systems, work
activities and
protective equipment

Strength and
capability of
electrical equipment
Adverse or
hazardous
environments

Insulation, protection
and placing of
conductors

Earthing and other
suitable precautions

Integrity of reference
conductors

Connections

Means for protecting
from excess current

All systems shall at all times be
constructed to prevent, so far as is
reasonably practicable, danger.

No electrical equipment is to be used where
its strength and capability may be exceeded
S0 as to give rise to danger.

Electrical equipment sited in adverse or
hazardous environments must be suitable
for those conditions.

Regulation 4

Regulation 5

Regulation 6

Permanent safeguarding or suitable
positioning of live conductors is required.

Regulation 7

Equipment must be earthed or other
suitable precautions must be taken (e.g.
the use of residual current devices, double
insulated equipment, reduced voltage
equipment).

Nothing is to be placed in an earthed
circuit conductor which might, without
suitable precautions, give rise to danger
by breaking the electrical continuity or by
introducing a high impedance.

Regulation 8

Regulation 9

All joints and connections in systems
must be mechanically and electrical
suitable for use.

Regulation 10

Suitable protective devices should be

installed in each system to ensure all parts

of the system and users of the system are
safeguarded from the effects of fault conditions.

Regulation 11

Note: Regulations 5 to 11 in effect, therefore, place a duty on the designer,
installer and end user to ensure the suitability and protection of all electrical

equipment.

Means of cutting off
the supply and for
isolation

Precautions for work
on equipment made
dead

Work on or near live
conductors

Where necessary to prevent danger,
suitable means shall be available for
cutting off the electrical supply to any
electrical equipment.

Regulation 12

Adequate precautions must be taken
to prevent electrical equipment,
which has been made dead in order
to prevent danger, from becoming
live — while any work is carried out.

Regulation 13

No work can be carried out on live electrical
equipment unless this can be properly
justified, which means that risk assessments
are required.

If such work is to be carried out, suitable
precautions must be taken to prevent injury.

Regulation 14

(continued)
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Working space, Adequate working space, adequate means  Regulation 15
access and lighting of access and adequate

lighting shall be provided at all electrical

equipment on which or near which work is

being done in circumstances that may give

rise to danger.

Competence to No person shall engage in work that Regulation 16
prevent danger requires technical knowledge or experience
and injury to prevent danger or injury, unless he has

that knowledge or experience, or is under
appropriate supervision.

For more information about the Electricity at Work Regulations 1989, contact:

Health and Safety Executive Local Authorities Enforcement Liaison Committee
(HELA)

www.hse.gov.uk

Tel: 020 7717 6441

Fax: 020 7717 6418

HSE Infoline — 0845 345 0055 (a ‘one-stop’ shop, providing rapid access to
expert advice and guidance)

e-mail: LAU.enquiries @hse.gsi.gov.uk

Or to download a copy of the Electricity at Work Regulations 1989 (Statutory
Instrument 1989 No. 635) go to:

www.opsi.gov.uk/si/si1989/Uksi_19890635_en_1.htm

1.7.4 What are the Fire Precautions (Workplace)
Regulations 1997?

¥

THE SCOTTISH OITICE Howme OFnce

Fire Precautions
in the Workplace

Infermation for Employers about the
Fire Precautions (Workplace) Regulations 1997

5

Fre, Dou't i 1t
T

Figure 1.5 The Fire Precautions (Workplace) Regulations 1997



Introduction 17

The Fire Precautions (Workplace) Regulations 1997 (as amended by the Fire
Precautions (Workplace) (Amendment) Regulations 1999) stipulate that:

All offices, shops, railway premises and factories which have more
than 20 persons employed in the building (or more than 10 persons
employed anywhere other than on the ground floor) require a Fire
Certificate.

Any hotel or boarding house provided sleeping accommodation
for more than six persons (guests or staff) or where this sleeping
accommodation is above the first floor or below the ground floor,
requires a Fire Certificate.

When a Fire Certificate is issued the owner or occupier is required to provide
and maintain:

the means of escape;

other means for ensuring that the means of escape can be safely and effec-
tively used at all material times;

means of fighting fire;

means of providing warning in case of fire.

These requirements are reflected in the electrical installation.

For further information about the Fire Precautions (Workplace) (Amendment)
Regulations 1999 (Statutory Instrument 1999 No. 1877) visit www.opsi.gov.
uk/si/si1999/19991877.htm or for a copy of the Act, use the following link:
http://www.fire.org.uk/si/amd1840.htm

1.7.5 What is the Health and Safety at Work Act 1974?

Figure 1.6 The Health and Safety at Work Act 1974
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Any company with more than 5 employees is legally obliged to possess a
comprehensive health and safety policy.

Over the years, the IEE Wiring Regulations have been regularly used by
HSE in their guidance and installation notices, and installations which con-
form to BS 7671 (as amended) are regarded by HSE as likely to achieve con-
formity with the relevant parts of the Electricity at Work Regulations 1989.
In certain instances where the Regulations have been used they may also be
accompanied by Codes of Practice approved under Section 16 of the Health
and Safety at Work Act 1974.

Although some existing installations may have been designed and installed
to conform to the Standards set by earlier editions of the Wiring Regulations,
this does not necessarily mean that they will fail to achieve conformity with
the relevant parts of the Electricity at Work Regulations 1989.

For further information about the Health and Safety at Work Act 1974 visit
www.hse.gov.uk/legislation/hswa.htm

1.8 How are the IEE Wiring Regulations
implemented?

Although the IEE Wiring Regulations rely (primarily) on British Standards
for their implementation (see Reference section for details) they do, however,
include the policy decisions made in a number of Statutory Instruments and by
the Council of European Communities in the relative EU Harmonised Directives.

1.8.1 Statutory Instruments

In Great Britain the following classes of electrical installations are required to
comply with the Statutory Regulations.

Table 1.6 Statutory Instruments affecting Electrical Installations

Type of electrical installation Statutory instrument
Building generally (subject Building Regulations 2000 (as amended) (for England
to certain exemptions) and Wales)

e S| 2000 No 2531

Building (Scotland) Regulations 2004 (as amended)
e Scottish S| 2004 No 406

Building Regulations (Northern Ireland) 2000 (as
amended)

e Statutory Rule 2000 No 38
(continued)
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Table 1.6 (continued)

Type of electrical installation

Statutory instrument

Cinematograph installations

Distributors’ installations
generally (subject to certain
exemptions)

High-voltage luminous tube

Machinery

Theatres and other places
licensed for public
entertainment, music,
dancing, etc.

Work activity
Places of work
Non-domestic installations

Cinematograph (Safety) Regulations 1955 (as
amended under the Cinematograph Act, 1909, and/or
Cinematograph Act, 1952)

e S| 1982 No 1856

Electricity Safety, Quality and Continuity Regulations
2002

e S| 2002 No 2665
e S| 2006 No 1521

Conditions of licence under:

e in England and Wales — The Local Government
(Miscellaneous provisions) Act 1982

e in Scotland — The Civic Government (Scotland) Act
1982

The Supply of Machinery (Safety) Regulations 1992
as amended

e S| 1992 No 3073
e S| 1994 No 2063

Conditions of licence under:

e In England and Wales — The Local Government
(Miscellaneous provisions) Act 1982

e In Scotland — The Civic Government (Scotland) Act
1982

The Electricity at Work Regulations 1989 as
amended

e S| 1989 No 635

e S1 1996 No 192

e S| 1997 No 1993

e S| 1999 No 2024

e The Electricity at Work Regulations (Northern
Ireland) 1991

e Statutory Rule No 13

The full text of all Statutory Instruments that have been published since 1987
is now available from the Office of Public Sector Information (OPSI) via their
website: www.hmso.gov.uk/stat.htm

With effect from July 1999, Statutory Instruments which have also been
made by the National Assembly for Wales have been published via the Wales
Legislation section: http://www.opsi.gov.uk/legislation/wales/w-stat.htm

The series of Scottish Statutory Instruments have been published via the
Scottish Legislation: http://www.opsi.gov.uk/legislation/scotland/s-stat.htm

section.
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1.8.2 CENELEC Harmonised Documents

As well as British Standards, the Wiring Regulations also take account of the
technical substance of agreements reached in CENELEC. In particular:

Listed by subject

Agricultural and horticultural premises
Application of measures for protection against
overcurrent

Caravan parks, camping parks and similar locations
Conducting locations with restricted movement
Construction and demolition site installations
Earthing arrangements, protective conductors and
protective bonding conductors

Electrical installations in caravans and motor
caravans

Exhibitions, shows and stands

Extra-low-voltage lighting installations
Fundamental principles, assessment of general
characteristics and definitions

Identification of cores in cables and flexible cords
Initial verification

Locations containing a bath or shower

Marinas and similar locations

Mobile or transportable units

Outdoor lighting installations

Protection against electric shock

Protection against fire where particular risks or
danger exist

Protection against overcurrent

Protection against overcurrent

Protection against overvoltages

Protection against thermal effects

Rooms and cabins containing sauna heaters
Selection and erection of equipment — common rules
Solar photovoltaic (PV) power supply systems
Swimming pools and other basins

Temporary electrical installations for structures,
amusement devices and booths at fairgrounds,
amusement parks and circuses

HD 60364-7-705:2007
HD 384.4.473 Al:1980

HD 384.7.708:2005

HD 60364-7-706:2007
HD 60364-7-704:2007
prHD 60364-5-54:2004

prHD 60364-7-721:2007

HD 384.7.711:2003
HD 60364-7-715:2005
prHD 60364-:2007

HD 308 S2:2001

HD 384.6.61 S2:2003
HD 60364-7-701:2007
prHD 60364-7-709:2007
HD 60364-7-717:2004
HD 384.7.714 51:2000
HD 384.4.41 S2/Al:2002
HD 384.4.482 51:1997

HD 384.4.43 S2:2001
HD 384.4.43 S2:2001
HD 384.4.443 S1:2000
HD 384.4.42 S1 A2:1994
HD 384.7.703:2005
prHD 60364-5-51:2003
HD 60364-7-712:2005
HD 384.7.702 S2:2002
prHD 60364-7-740:2006

Listed by Directive

prHD 60364-:2007

HD 308 S2:2001

HD 384.4.41 S2/Al:2002
HD 384.4.42 S1 A2:1994
HD 384.4.482 51:1997

HD 384.4.43 S2:2001

Fundamental principles, assessment of general
characteristics and definitions

Identification of cores in cables and flexible cords
Protection against electric shock

Protection against thermal effects

Protection against fire where particular risks or
danger exist

Protection against overcurrent

(continued)
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HD 384.4.473 Al:1980

HD 384.4.443 S1:2000
prHD 60364-5-51:2003

HD 384.4.43 S2:2001
prHD 60364-5-54:2004

HD 384.7.714 51:2000
HD 60364-7-715:2005
HD 384.6.61 S2:2003
HD 60364-7-701:2007
HD 384.7.702 S2:2002
HD 384.7.703:2005

HD 60364-7-704:2007
HD 60364-7-705:2007
HD 60364-7-706:2007
HD 384.7.708:2005
prHD 60364-7-709:2007
HD 384.7.711:2003

HD 60364-7-712:2005
HD 60364-7-717:2004
prHD 60364-7-721:2007

prHD 60364-7-740:2006

Application of measures for protection against
overcurrent

Protection against overvoltages

Selection and erection of equipment — common
rules

Protection against overcurrent

Earthing arrangements, protective conductors and
protective bonding conductors

Outdoor lighting installations

Extra-low-voltage lighting installations

Initial verification

Locations containing a bath or shower
Swimming pools and other basins

Rooms and cabins containing sauna heaters
Construction and demolition site installations
Agricultural and horticultural premises
Conducting locations with restricted movement
Caravan parks, camping parks and similar locations
Marinas and similar locations

Exhibitions, shows and stands

Solar photovoltaic (PV) power supply systems
Mobile or transportable units

Electrical installations in caravans and motor
caravans

Temporary electrical installations for structures,
amusement devices and booths at fairgrounds,
amusement parks and circuses

BS 7671 will continue to be amended from time to time to take account of the
publication of new or amended CENELEC standards.
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Domestic buildings

"All electrical
installations must
be accommodated

in ways that meet
the requirement
of the Building
Regulations"

Building Regulations
Approved Document P (3.1)

Figure 2.1 Mandatory requirements for domestic buildings

2.1 The Building Act 1984

By Act of Parliament, the Secretary of State is responsible for ensuring that
the health, welfare and convenience of persons living in or working in (or
nearby) buildings are secured. This Act is called the Building Act 1984 and
one of its prime purposes is to assist in the conservation of fuel and power,
and to prevent waste, undue consumption, and the misuse and contamination
of water.

It imposes on owners and occupiers of buildings a set of requirements con-
cerning the design and construction of buildings and the provision of services,
fittings and equipment used in (or in connection with) buildings.

2.2 The Building Regulations

The current legislation in England and Wales is the Building Regulations
2000 (Statutory Instrument No 2531), which is made by the Secretary of
State for the Environment under powers delegated by Parliament under the
Building Act 1984.
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Figure 2.2 Implementing the Building Act

They are a set of minimum requirements and basic performance stand-
ards designed to secure the health, safety and welfare of people in and around
buildings and to conserve fuel and energy in England and Wales.

2.3 Approved Documents

The Building Regulations are supported by a series of separate documents
which correspond to the different areas covered by the Regulations. These are
called ‘Approved Documents’ and they contain practical and technical guid-
ance on ways in which the requirements of Schedule 1 and Regulation 7 of
the Building Act 1984 can be met.

Each Approved Document reproduces the actual requirements contained
in the Building Regulations relevant to the subject area. This is then followed
by practical and technical guidance (together with examples) showing how
the requirements can be met in some of the more common building situations.
There may, however, be alternative ways of complying with the requirements
to those shown in the Approved Documents and you are, therefore, under no
obligation to adopt any particular solution in an Approved Document if you
prefer to meet the requirement(s) in some other way.
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2.4 What about the rest of the United
Kingdom?

As shown in Table 2.1 the Building Act 1984 does not apply to Scotland or
Northern Ireland.

Table 2.1 Building Regulations

Act Regulations Implementation

England & Wales  Building Act 1984 Building Regulations ~ Approved

2000 Documents
Scotland Building (Scotland) Building (Scotland) Technical
Act 2003 Regulations 2004 Handbooks
Northern Ireland Building Regulations  Building Regulations  ‘Deemed to
(Northern Ireland) (Northern Ireland) Satisfy’ by meeting
Order 1979 2000 supporting
publications

2.4.1 Scotland

Within Scotland, the requirements for buildings are controlled by the Building
(Scotland) Act 2003, and the Building (Scotland) Regulations 2004 then set
the functional standards under this Act. The methods for implementing these
requirements are similar to those for England & Wales, except that the guid-
ance documents (i.e. for achieving compliance) are contained in two Technical
Handbooks, one for domestic work, and one for non-domestic. Each hand-
book has a general section, which is then followed by 6 technical sections.

The main procedural difference between the Scottish system and the oth-
ers is that a building warrant is still required before work can start in Scotland
and certain facilities in dwellings are still required in Section 3 of the domes-
tic technical handbook.

2.4.2 Northern Ireland

On the other hand, Building Regulations (Northern Ireland) Order 1979
(as amended by the Planning and Building Regulations (Amendment) (NI)
Order 1990) is the main legislation for Northern Ireland and the Building
Regulations (Northern Ireland) 2000 then details the requirements for meet-
ing this legislation.

Supporting publications (such as British Standards, BRE publications and/
or technical booklets published by the Department) are then used to ensure
that the requirements are implemented (i.e. deemed to satisfy).



Table 2.2 Legislative cross-reference

England & Wales Scotland Northern Ireland
Part A Structure Section 1 Structure Technical Booklet D Structure
Part B Fire safety Section 2 Fire Technical Booklet E Fire safety
Part C Site preparation and resistance to contaminants Section 3 Environment Technical Booklet C Preparation of site and
and water resistance to moisture
Part D Toxic substances Section 3 Environment Technical Booklet B Materials and workmanship
Part E Resistance to the passage of sound Section 5 Noise Technical Booklet G Sound insulation of dwellings
Part F Ventilation Section 3 Environment Technical Booklet K Ventilation
Part G Hygiene Section 3 Environment Technical Booklet P Sanitary appliances and
unvented hot water storage
systems
Part H Drainage and waste disposal Section 3 Environment Technical Booklet J Solid waste in buildings
Technical Booklet N Drainage
Part J Combustion appliances and fuel storage systems Section 3 Environment Technical Booklet L Heat-producing appliances
Section 4 Safety and liquefied petroleum gas
installations
Part K Protection from falling, collision and impact Section 4 Safety Technical Booklet H Stairs, ramps and protection
form impact
Part L Conservation of fuel and power Section 6 Energy Technical Booklet F Conservation of fuel and
power
Part M Access and facilities for disabled people Section 4 Safety Technical Booklet R Access for facilities and
disabled people
Part N Glazing Section 6 Energy Technical Booklet V Glazing
Part P Electrical safety Section 4 Safety
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2.5 Electrical Safety

For many years, the UK has managed to maintain relatively high electrical
safety standards with the support of voluntary controls based on BS 7671, but
with a growing number of electrical accidents occurring in the ‘home’, the
government has been forced to consider the legal requirement for safety in
electrical installation work in dwellings.

As from 1 January 2005, therefore, all new electrical wiring or electrical
components for domestic premises (or small commercial premises linked to
domestic accommodation) have had to be designed and installed in accordance
with the Building Regulations. Part P, which is based on the fundamental princi-
ples set out in Chapter 13 of BS 7671:2008 (i.e. the IEE Wiring Regulations). In
addition, all fixed electrical installations (i.e. wiring and appliances fixed to the
building fabric such as socket outlets, switches, consumer units and ceiling fit-
tings) have to be designed, installed, inspected, tested and certified to BS 7671.

Part P also introduced new requirements for cable core colours for a.c. power
circuits and with effect from 31 March 2006, all new installations or alterations
to existing installations must use the new (harmonised) colour cables. (Further
information concerning cable identification colours for extra-low-voltage
and d.c. power circuits is available from the IEE website at www.iee.org/
cablecolours.)

Table 2.3 Identification of conductors in a.c. power and lighting circuits

Conductor Colour

Protective conductor Green-and-yellow
Neutral Blue

Phase of single-line circuit Brown

Phase 1 of 3-line circuit Brown

Phase 2 of 3-line circuit Black

Phase 3 of 3-line circuit Grey

For single-line installations in domestic premises, the new colours are the same
as those for flexible cables to appliances (namely green-and-yellow, blue and
brown for the protective, neutral and line

Note: Part P only applies to fixed electrical installations that are intended to
operate at low voltage or extra-low voltage which are not controlled by the
Electricity Safety, Quality and Continuity Regulations 2002 (as amended) or
the Electricity at Work Regulations 1989 (as amended).

2.5.1 What is the aim of Approved Document P?

The aim of Part P is to increase the safety of householders by improving the
design, installation, inspection and testing of electrical installations in dwell-
ings when they (i.e. the installations) are being newly built, extended or altered.

The government is currently introducing a scheme whereby domestic installa-
tions shall be checked at regular intervals (as well as when they are sold and/or
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purchased) to make sure that they comply. This will mean, of course, that
if you had an installation which was not correctly certified, then your house
insurance might well not be valid!

2.5.2 Who is responsible for electrical safety?

Basically, there are three people who are responsible for the electrical safety
of (and within) buildings. These are:

e The owner — needs to determine whether the work carried out is either
minor or notifiable. If the work is notifiable, then the owner needs to make
sure that the person(s) carrying out the work is either registered under one
of the self-certified schemes (see Figure 2.3) or is able to certify their work
under the local authority Building Control Approval route.

e The designer — needs to ensure that all electrical work is designed,
constructed, inspected and tested in accordance with BS 7671 (current
issue) and either falls under a Competent Persons Scheme or the local
authority Building Control Approval route.

e The builder/developer — needs to ensure that they have electricians who
can self-certify their work or who are qualified/experienced enough to
enable them to sign off under the Electrical Installation Certification form.

2.5.3 What are the statutory requirements?

All electrical installations need to:

be designed and installed to protect against mechanical and thermal damage;
be designed and installed so that they will not present an electrical shock
and/or fire hazard;
be tested and inspected to meet relevant equipment/installation standards;
provide sufficient information so that persons wishing to operate, maintain
or alter an electrical installation can do so with reasonable safety;

e comply with such requirements placed by the Building Regulations.

2.5.3.1 What does all this mean?

With a few exceptions, any electrical work undertaken in a home which
includes the addition of a new electrical circuit, or involves work in the:

e kitchen
e bathroom
e garden area

must be reported to the local authority Building Control for inspection. This
includes any work undertaken professionally, or by you or another family
member or by a friend.

The ONLY exception is when the installer has been approved by a
Competent Persons organisation such as ELECSA (see Figure 2.3).
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Authorised competent persons self-
certification schemes for installers who
can do all electrical installation work

Authorised competent persons self-
certification schemes for installers
who can do electrical work only if it is
necessary when they are carrying out

other work
K.\ ca t ‘;O gRE- o CORGI
N ) ertification Competent
*~ Ltd Persons
g \: WWW. Scheme
8 3 brecertification. . WWW.
= co.uk CORGI corgi-group..
\9 ~y Phone: 01923 Electrical com
<& 2 664100 Phone: 0870
¢ o Q 401 2300
British ELECSA
B I Standards EL E CSA Limited
Institution www.elecsa.
WWW. org.uk
bsi-global.com Phone: 0870
Phone: 01442 749 0080
230442
ELECSA S — NAPIT
E L E CSA Limited e —— Certification
www.elecsa. e Limited
org.uk — = www.napit.
Phone: 0870 org.uk
749 0080 - Phone: 0870
N A P I T 444 1392
NAPIT NICEIC
Certification Certification
Limited Services Ltd
www.napit. www.niceic.
org.uk org.uk
Phone: 0870 Phone: 01582
444 1392 531000
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Certification & Registration www.oftec.org
Services Ltd : Phone: 0845
www.niceic. SETVICES 658 5080
org.uk
Phone: 01582
531000

Figure 2.3 Authorised competent persons self-certification schemes for

installers
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2.5.4 What types of building does Approved Document P
cover?

Part P applies to all electrical installations in (and around) buildings or parts
of buildings comprising:

dwelling houses and flats;

dwellings and business premises that have a common supply;

land associated with domestic buildings;

fixed lighting and pond pumps in gardens;

shops and public houses with a flat above;

common access areas in blocks of flats such as corridors and stairways;
shared amenities of blocks of flats such as laundries and gymnasiums.

Table 2.4 provides the details of works that are notifiable to local authority
and/or must be completed by a company registered as a ‘Competent Firm’.

Table 2.4 Notifiable work

Locations where work is being Extensions and modifications to New circuits
completed circuits

Bathrooms Yes Yes
Bedrooms Yes Yes
Ceiling (overhead) heating Yes Yes
Communal area of flats Yes Yes
Computer cabling

Conservatories Yes
Dining rooms Yes
Garages (integral) Yes
Garages (detached) Yes*
Garden — lighting Yes Yes
Garden — power Yes Yes
Greenhouses Yes Yes
Halls Yes
Hot air saunas Yes Yes
Kitchen Yes Yes
Kitchen diners Yes Yes
Landings Yes
Lounge Yes
Paddling pools Yes Yes
Remote buildings Yes Yes
Sheds Yes Yes
Shower rooms Yes Yes
Small-scale generators Yes Yes
Solar power systems Yes Yes
Stairways Yes
Studies Yes
Swimming pools Yes Yes
Telephone cabling Yes
TV Rooms Yes
Underfloor heating Yes Yes
Workshops (remote) Yes Yes

*if the installation requires outdoor wiring
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2.5.5 What is a competent firm?

For the purposes of Part P, the government has defined ‘Competent Firms’ as
electrical contractors:

e who work in conformance with the requirements to BS 7671;
whose standard of electrical work has been assessed by a third party;
who are registered under the NICEIC Approved Contractor scheme and
the Electrotechnical Assessment Scheme.

2.5.6 What is a competent person responsible for?

When a competent person undertakes installation work, that person is respon-
sible for:

e ensuring compliance with BS 7671: 2001 and all relevant Building
Regulations;

e providing the person ordering the work with a signed Building Regulations
self-certification certificate;

e providing the relevant Building Control Body with an information copy of
the certificate;

e providing the person ordering the work with a completed Electrical
Installation Certificate.

2.5.7 Who is entitled to self-certify an installation?

Part P affects every electrical contractor carrying out fixed installation and/or
alteration work in homes. Only registered installers are entitled to self-certify
the electrical work, however, and they must be registered as a competent per-
son under one of the schemes shown in Figure 2.3.

Working with industry and consumer organisations, the government has
developed the TrustMark initiative for builders and specialist firms that work
on (and in) the home. Schemes that are capable of delivering ‘agreed compe-
tence and customer care standards’ are approved to use the TrustMark brand
by a Board consisting of industry and consumer representatives, with govern-
ment observers. The brand is owned by the DTI, which licences the Board.

Government Endorsed Standards
www.trustmark.org.uk

Figure 2.4 The TrustMark Initiative (logo courtesy of TrustMark)
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The TrustMark replaces the Quality Mark scheme, which closed on 31
December 2004 because too few firms joined. For more information about
TrustMark, see their website at www.trustmark.org.uk.

2.5.8 When do | have to inform the local authority Building
Control Body?

All proposals to carry out electrical installation work must be notified to the
local authority’s Building Control Body before work begins, unless the pro-
posed installation work is undertaken by a person who is a competent person
registered under a government-approved Part P Self-Certification Scheme or
the work is agreed non-notifiable work, such as:

e connecting an electric gate or garage door to an existing isolator (but be
careful; the installation of the circuit up to the isolator is notifiable!);

e fitting and replacing cookers and electric showers (unless a new circuit is
required);

e installing equipment (e.g. security lighting, air-conditioning equipment
and radon fans) that is attached to the outside wall of a house (unless there
are exposed outdoor connections and/or the installation is a new circuit, or
an extension of a circuit in a kitchen, or special location, or is associated
with a special installation);

e installing fixed equipment where the final connection is via a 13 A plug
and socket (unless it involves fixed wiring and the installation of a new
circuit or the extension of a circuit in a kitchen or special location);

e installing prefabricated, ‘modular’ systems such as kitchen lighting sys-
tems and armoured garden cabling that are linked by plug and socket
connectors (provided that products are CE-marked and that any final con-
nections in kitchens and special locations are made to existing connection
units or points, e.g. a 13 A socket outlet);

e installing or upgrading main or supplementary equipotential bonding (pro-
vided that the work complies with other applicable legislation, such as the
Gas Safety (Installation and Use) Regulations);

e installing mechanical protection to existing fixed installations (provided
that the circuit’s protective measures and current-carrying capacity of con-
ductors are unaffected by increased thermal insulation);
re-fixing or replacing the enclosures of existing installation components;
replacement, repair and maintenance jobs;
replacing fixed electrical equipment (e.g. socket outlets, control switches
and ceiling roses) which do not require the provision of any new fixed
cabling;

e replacing the cable of a single circuit cable (where damaged, for example,
by fire, rodent or impact — provided that the replacement cable has the
same current-carrying capacity, follows the same route and does not serve
more than one sub-circuit through a distribution board);
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e work that is not in a kitchen or special location, which does not involve a
special installation and which only consists of:

o adding lighting points (light fittings and switches) to an existing circuit

o adding socket outlets and fused spurs to an existing ring or radial cir-
cuit (provided that the existing circuit protective device is suitable and
supplies adequate protection for the modified circuit)

e work that is not in a special location and only concerns:

o adding a telephone, extra-low-voltage wiring and equipment for com-
munications, information technology, signalling, command, control
and other similar purposes

o adding prefabricated equipment sets (and their associated flexible
leads) with integral plug and socket connections.

All of this work can be completed by a DIY enthusiast (family member or
friend) but still needs to be carried out in accordance with manufacturers’
instructions and done in such a way that it does not present a safety haz-
ard. This work does not need to be notified to a local authority Building
Control Body (unless it involves installation in an area of high risk such as
a kitchen or a bathroom etc.) but all DIY electrical work (unless completed
by a qualified professional, who is responsible for issuing a Minor Electrical
Installation Certificate) will still need to be checked, certified and tested by a
competent electrician.

Any work that involves adding a new circuit to a dwelling will need to be
either notified to the Building Control Body (who will then inspect the work)
or carried out by a competent person who is registered under a government-
approved Part P Self-Certification Scheme.

Work involving any of the following will also have to be notified:

e consumer unit replacements;
electric floor or ceiling heating systems;
extra-low-voltage lighting installations (other than pre-assembled, CE-
marked lighting sets);
garden lighting and/or power installations;
installation of a socket outlet on an external wall;
installation of outdoor lighting and/or power installations in the garden or
that involves crossing the garden;
installation of new central heating control wiring;
solar photovoltaic (PV) power supply systems;
e small-scale generators (such as microCHP units).

Note: Where a person who is not registered to self-certify intends to carry
out the electrical installation, then a Building Regulation (i.e. a Building
Notice or Full Plans) application will need to be submitted together with the
appropriate fee, based on the estimated cost of the electrical installation. The
Building Control Body will then arrange to have the electrical installation
inspected at first-fix stage and tested upon completion.
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In any event, the electrical work will still need to be certified under BS
7671 by a suitably competent person who will be responsible for the design,
installation, inspection and testing of the system (on completion) and have the
confidence of completing a certificate to say that the work is satisfactory and
complies with current codes of practice.

The main things to remember are as follows:

Is the work notifiable or non-notifiable?
Does the person undertaking the work need to be registered as a compe-
tent person?

e What records (if any) need to be kept of the installation?

2.5.9 What if the work is completed by a friend, a relative
or me?

You do not need to tell your local authority’s Building Control Department
about non-notifiable work such as:

e repairs, replacements and maintenance work;
e extra power points or lighting points or other alterations to existing cir-
cuits (unless they are in a kitchen or bathroom, or are outdoors).

You do, however, need to tell them about most other work.

If you are not sure about this, or you have any questions, ask the local author-
ity’s Building Control Department.

2.5.10 What if the work is completed by a contractor
or an installer?

If the work is of a notifiable nature then the installer(s) must be registered
with one of the schemes shown in Figure 2.3.
Figure 2.5 provides a quick guide to the requirements.

2.6 What inspections and tests will have
to be completed and recorded?

As shown in Table 2.5, there are four types of electrical installation cer-
tificates and one Building Regulation compliance Certificate that have to be
completed.

Copies of these various Certificates and forms are contained in Chapter 6.

2.6.1 What should be included in the records
of the installation?

All ‘original’ Certificates should be retained in a safe place and be shown to
any person inspecting or undertaking further work on the electrical installation
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Who

is going to do the work?
v \/ v

Me A contractor

A friend A
A relative or an(lr21)s aller

(1)

Go ahead with the work.
You do not need to
contact your local
authority Building

Control Department

No

Is the work notifiable? Is the work notifiable?

Consult with all your
local authority Building
Control Department
before you start work

contractor (or
installer) registered with
a competent person
scheme?

Yes

The contractor (or
installer) will look after all the
Building Regulations for you. You
do not need to contact your local
authority Building Control
Department

Figure 2.5 How to meet the new rules

in the future. If you later vacate the property, this Certificate will demonstrate
to the new owner that the electrical installation complied with the require-
ments of BS 7671 at the time the Certificate was issued. The Construction
(Design and Management) Regulations require that for a project covered
by those Regulations, a copy of this Certificate, together with schedules, is
included in the project health and safety documentation.

Figure 2.6 indicates how to choose what type of inspection is required.

2.6.2 Where can | get more information about the
requirements of Part P?

Further guidance concerning the requirements of Part P (Electrical safety) is
available from:

e the IET (Institution of Engineeering Technology) at www.iee.org/Publish
e the NICEIC (National Inspection Council for Electrical Installation
Contracting) at www.niceic.org.uk



Table 2.5 Types of installation

Type of inspection

When is it used?

What should it contain?

Remarks

Minor Electrical Installation
Works Certificate

Electrical Installation
Certificate (short form)

Full Electrical Installation

Periodic Inspection Report

Building Regulations
Compliance Certificate

For a new electrical installation or for
new work associated with an alteration
or addition to an existing installation

For use when one person is responsible
for the design, construction, inspection
and testing of an installation

For the design, construction, inspection

and testing of an installation

For the inspection of an existing
electrical installation

Confirmation that the work carried out
complies with the Building Regulations

Relevant provisions of Part 6 of
BS 7671

A schedule of inspections and a
schedule of test results as required
by Part 6 (of BS 7671)

A schedule of inspections and test
results as required by Part 6 (of
BS 7671). A Certificate, including
guidance for recipients (standard
form from Appendix 6 of BS 7671)

A schedule of inspections and a
schedule of test results as required
by Part 6 (of BS 7671)

The basic details of the installation,
the location, the completion date
and the name of the installer

An example of a Minor Electrical
Installation could (for example) be

the addition of a lighting point to an
existing circuit

For safety reasons, the electrical
installation will need to be inspected at
appropriate intervals by a competent
person

An Electrical Installation Certificate is
not to be used for a periodic inspection

For safety reasons, the electrical
installation will need to be inspected at
appropriate intervals by a competent
person

A purchaser’s solicitor may request
this document when you come to

sell your property. Looking further
ahead, it may be required as one of
the documents that will make up your
‘Home Information Pack’




36 Wiring Regulations in Brief

Minor Electrical
Yes——p| Installation Works
Certificate

Is the work
non-notifiable?

No

Full
Yes—| Electrical Installation
Certificate

Is more than one
installer involved?

Is the work a new

] . Yes
installation?

No

No Electrical Installation
Certificate
(short form)

Is this an
inspection of an
existing
installation?

Periodic Inspection
Report

No

Figure 2.6 Choosing the correct Inspection Certificate

e the ECA (Electrical Contractors’ Association) at www.niceic.org.uk or
www.eca.co.uk.

For details of fixed wire colour changes, see http://www.niceic.org.uk

2.7 Requirements from the Approved
Documents

Although:

e Part E (Resistance to the passage of sound);
e PartJ (Combustion appliances and fuel storage systems); and
e Part K (Protection from falling, collision and impact)
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have a number of requirements concerning electrical safety and electrical
installations (see below for details), the main requirements are contained in:

e Part P (Electrical safety) together with:
o Part M (Access and use of buildings)
o Part L (Conservation of fuel and power)
o Part B (Fire safety).

Figure 2.7 Building Regulations

2.7.1 Part P — Electrical safety

Reasonable provision shall be made in the design, installation, inspection
and testing of electrical installations in order to protect persons from fire or
injury.
(Approved Document P1)
Sufficient information shall be provided so that persons wishing to operate,
maintain or alter an electrical installation can do so with reasonable safety.
(Approved Document P2)

Note: While Part P makes requirements for the safety of fixed electrical
installations, this does not cover system functionality (such as electrically
powered fire alarm systems, fans and pumps) which are covered by other
Parts of the Building Regulations and other legislation.

2.7.2 Part M — Access and facilities for disabled people

In addition to the requirements of the Disability Discrimination Act 1995 pre-
cautions need to be taken to ensure that:

e new non-domestic buildings and/or dwellings (e.g. houses and flats used
for student living accommodation etc.)
extensions to existing non-domestic buildings
non-domestic buildings that have been subject to a material change of use
(e.g. so that they become a hotel, boarding house, institution, public build-
ing or shop)

are capable of allowing people, regardless of their disability, age or gender to:

e gain access to buildings
e gain access within buildings
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e use sanitary conveniences in the principal storey of any new dwelling
e be able to use the facilities of the buildings (both as visitors and as people
who live or work in them).
(Approved Document M)

2.7.3 Part L - Conservation of fuel and power

Energy efficiency measures shall be provided which:

e provide lighting systems that utilise energy-efficient lamps with manual
switching controls or, in the case of external lighting fixed to the building,
automatic switching, or both manual and automatic switching controls as
appropriate, such that the lighting systems can be operated effectively as
regards the conservation of fuel and power

e provide information, in a suitably concise and understandable form
(including results of performance tests carried out during the works) that
shows building occupiers how the heating and hot water services can be
operated and maintained.

(Approved Document L1)

Responsibility for achieving compliance with the requirements of Part L rests
with the person carrying out the work. That ‘person’ may be, for example, a
developer, a main (or sub) contractor, or a specialist firm directly engaged by
a private client.

Note: The person responsible for achieving compliance should either them-
selves provide a Certificate, or obtain a Certificate from the sub-contractor,
that commissioning has been successfully carried out. The Certificate should
be made available to the client and the building control body.

2.7.4 Part B - Fire safety

The building shall be designed and constructed so that there are appropriate
provisions for the early warning of fire, and appropriate means of escape in
case of fire from the building to a place of safety outside the building capable
of being safely and effectively used at all material times.

(Approved Document B1)

Requirement B1 does not apply to any prison provided under Section 33 of
the Prison Act 1952 (power to provide prisons, etc.).
To inhibit the spread of fire within the building, the internal linings shall:

e adequately resist the spread of flame over their surfaces; and
e have, if ignited, a rate of heat release or a rate of fire growth which is rea-
sonable in the circumstances.
(Approved Document B2)
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‘Internal linings’ means the materials or products used in lining any partition,
wall, ceiling or other internal structure.

1.

2.

The building shall be designed and constructed so that, in the event of
fire, its stability will be maintained for a reasonable period.
A wall common to two or more buildings shall be designed and con-
structed so that it adequately resists the spread of fire between those
buildings. For the purposes of this sub-paragraph a house in a terrace
and a semi-detached house are each to be treated as a separate building.
Where reasonably necessary to inhibit the spread of fire within the build-
ing, measures shall be taken, to an extent appropriate to the size and
intended use of the building, comprising either or both of the following:
e sub-division of the building with fire-resisting construction
e installation of suitable automatic fire suppression systems.
The building shall be designed and constructed so that the unseen spread
of fire and smoke within concealed spaces in its structure and fabric is
inhibited.

(Approved Document B3)

Requirement B3(3) does not apply to material alterations to any prison pro-
vided under Section 33 of the Prison Act 1952.

2.7.5 Design

Electrical installations must be designed and installed (suitably enclosed and
appropriately separated) so that they:

e are safe to use, maintain and alter P1.7

e comply with the requirements of BS 7671 P1.4

e comply with Part P (and any other relevant parts) P1.7 and 3.1
of the Building Regulations

e comply with the relevant equipment and installation PO.1b
standards

e do not present an electric shock or fire hazard to PO.1a
people

e provide adequate protection against mechanical and PO.1a

thermal damage

e provide adequate protection for persons against the PO.1a

risks of electric shock, burn or fire injuries.

Note: See Appendix A of Part P to the Building Regulations for details of the
types of electrical service normally found in dwellings, some of the ways that
they can be connected and the complexity of wiring and protective systems
that can be used to supply them.
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2.7.6 Extensions, material alterations and material
changes of use

In accordance with Regulation 4(2) the whole of the existing installation does
not have to be upgraded to current standards, but only to the extent necessary
for the new work to meet the current standards except where upgrading is
required by the energy efficiency requirements of the Building Regulations.
Where any electrical installation work is classified as an extension, a mate-
rial alteration or a material change of use, the work must consider and include:

e confirmation that the mains supply equipment is P2.1b-P2.2
suitable (and can) carry the additional loads
envisaged

e the amount of additions and alterations that P2.1a

will be required to the existing fixed electrical
installation in the building

e the earthing and bonding systems required — that P2.1a-P2.2¢c
they are satisfactory and meet the requirements

e the necessary additions and alterations to the P2.1a
circuits which feed them
e the rating and the condition of existing P2.2a

equipment (belonging to both the consumer and
the electricity distributor) — that they are sufficient

e the protective measures required to meet the P2.1a-P2.2b
requirements.

See Figure 2.8 for details of some of the types of electrical services normally
found in dwellings, some of the ways they can be connected and the com-
plexity of wiring and protective systems that can be used to supply them.

Note: Appendix C to Part P of the Building Regulations offers guidance
on some of the older types of installation that might be encountered during
alteration work while Appendix D provides guidance on the application of
the now harmonised European cable identification system.

2.7.7 Electricity distributors’ responsibilities

The Electricity Distributor is responsible for:

e ensuring that electricity is mechanically protected and P1.5
can be safely maintained
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e evaluating and agreeing proposals for new
installations or significant alterations to existing ones

e installing the cut-out and meter in a safe location

e taking into consideration the possible risk of flooding.

P1.2

P1.5
P1.5

\\% Note: See the Planning Portal’s publication ‘Preparing for flooding” at: www.
planningportal.gov.uk/england/professionals/en. The Environmental Agency
also has some interesting information about preparing for flooding at: www.

planningportal.gov.uk/england/professionals/en
Distributors are required to:

maintain the supply within defined tolerance limits

e provide an earthing facility for new connections

e provide certain technical and safety information to
consumers to enable them to design their installations.

P3.8
P3.8
P3.8

Distributors and meter operators must ensure that their equipment on con-

sumers’ premises:

e clearly shows the polarity of the conductors
e is safe in its particular environment
e is suitable for its purpose.

Distributors:

e are prevented by the Regulations from connecting install-

ations to their networks which do not comply with BS 7671
e may disconnect consumers’ installations which are a source

of danger or cause interference with their networks or other
installations.

P3.9
P3.9
P3.9

P3.12

P3.12

Note: See Detailed guidance on these Regulations is available at www.dti.

gov.uk/electricity-regulations.

2.7.8 Earthing

Note: The most usual type of earthing is an electricity distributor’s earthing
terminal, which is provided for this purpose, near the electricity meter.
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Distributors are required to provide an earthing P3.8
facility for all new connections.

All electrical installations shall be properly earthed. P AppCl1
All lighting circuits shall include a circuit protective P AppC
conductor.

All socket outlets which have a rating of 32 A or less P AppC

and which may be used to supply portable equipment
for use outdoors, shall be protected by a residual current
device (RCD).

It is not permitted to use a gas, water or other metal P AppC
service pipe as a means of earthing for an electrical

installation (this does not rule out, however, equipotential

bonding conductors being connected to these pipes).

New or replacement, non-metallic light fittings, switches P AppC
or other components must not require earthing (e.g.

non-metallic varieties) unless new circuit protective

(earthing) conductors are provided.

Socket outlets that will accept unearthed (2-pin) P AppC
plugs must not use supply equipment that needs to

be earthed.

Where electrical installation work is classified as an P2.1a-P2.2¢c

extension, a material alteration or a material change

of use, the work must consider and include satisfactory
earthing and bonding systems which meet the
requirements.

See Figure 2.9 for details of some earth and bonding conductors that might be
part of an electrical installation.

Accessible consumer units should be fitted with a P1.6
child-proof cover or installed in a lockable cupboard.

2.7.9 Electrical installations

All electrical installations shall provide adequate protection for persons against
the risks of electric shock, burn or fire injuries, and should be designed and
installed (suitably enclosed and appropriately separated) to provide mechani-
cal and thermal protection.
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Electrical installations must be inspected and tested during installation, at
the end of installation and before they are taken into service to verify that they:

are safe to use, maintain and alter P1.7

comply with Part P (and any other relevant Parts) of the P1.7
Building Regulations

meet the relevant equipment and installation standards PO.1b

meet the requirements of the Building Regulations. P3.1

Any proposal for a new mains supply installation (or where significant
alterations are going to be made to an existing mains supply) must be agreed
with the electricity distributor.

2.7.10 Electrical installation work

e is to be carried out professionally P1.1
is to comply with the Electricity at Work Regulations  P1.1
1989 (as amended)

e may only be carried out by persons that are competent P3.4a
to prevent danger and injury while doing it, or who
are appropriately supervised.

\\‘/ Note: Persons installing domestic combined heat and power equipment must
advise the local distributor of their intentions before (or at the time of) com-
missioning the source.

2.7.10.1 Types of wiring or wiring system

Cables concealed in floors and (in certain circumstances) P AppA 2d
walls are required to have an earthed metal covering, be

enclosed in steel conduit, or have additional mechanical

protection (see BS 7671 for more information).

Cables to an outside building (e.g. garage or shed) if run P AppA 2d
underground, should be routed and positioned so as to

give protection against electric shock and fire as a result

of mechanical damage to a cable.

Heat-resisting flexible cables are required for the P AppA 2d
final connections to certain equipment (see makers’
instructions).
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PVC insulated and sheathed cables are likely to be suitable for much of the
wiring in a typical dwelling.

2.7.10.2 Equipotential bonding conductors

Main equipotential bonding conductors are required for P AppC
water service pipes, gas installation pipes, oil supply

pipes plus and certain other ‘earthy’ metalwork that may

be present on the premises.

The installation of supplementary equipotential bonding P AppC
conductors is required for installations and locations where

there is an increased risk of electric shock (e.g. bathrooms

and shower rooms).

The minimum size of supplementary equipotential bonding P AppC

conductors (without mechanical protection) is 4 mm?,

2.7.11 Inspection and Test

Electrical installations must be inspected and tested during, at the end of
installation and before they are taken into service to verify that they:

e are reasonably safe and that they comply with P1.7
BS 7671: 2008
e meet the relevant equipment and installation standards. P0.1b

All electrical work should be inspected (during installation as well as on
completion) to verify that the components have:

e Dbeen selected and installed in accordance with Pl.11aii
BS 7671

e been made in compliance with appropriate British Pl.11ai
Standards or harmonised European Standards

e been evaluated against external influences (such as Pl.11a1ii
the presence of moisture)

e not been visibly damaged (or are defective) so as to Pl.11aiii

be unsafe
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e Dbeen tested to check satisfactory performance P1.1b
with respect to continuity of conductors, insulation
resistance, separation of circuits, polarity, earthing
and bonding arrangements, earth fault loop impedance
and functionality of all protective devices including
residual current devices

e been inspected and tested for conformance with the P1.9
requirements of BS 7671:2008

e been tested using appropriate and accurate instruments. P1.10

Note: Inspections and testing of DIY work should also meet the above
requirements.

2.7.12 Additional requirements and facilities for disabled
people

During 2002/3, Approved Document M was thoroughly overhauled and
restructured in order to meet the changed requirements of the Disability
Discrimination Act 1995.

This major rewrite of Part M became effective on 1 May 2004 and was as a
result of amendments made to Section 6 of the Disability Discrimination Act
1995 (DDA) which previously stated that ‘reasonable adjustments to physical
features of premises... shall be made... in certain circumstances’ and ‘shall
apply to all employers with 15 or more employees’. As such, an employer with
only a few employees (as well as occupations such as police, fire fighters and
prison officers) was not required to alter the physical characteristics of a build-
ing that met existing requirements at the time the building works were carried
out and still continued to meet those particular requirements.

From 1 October 2004, however, under the Disability Discrimination Act 1995
(Amendment) Regulations 2003 (SI 2003/1673), this exemption ceased and ‘all
those who provide services to the public, irrespective of their size’ are required
‘to take reasonable steps to remove, alter or provide a reasonable means of
avoiding a physical feature of their premises, which makes it unreasonably dif-
ficult or impossible for disabled people to make use of their services’.

These amendments have naturally resulted in Part M being completely
overhauled and it now covers:

e the conversion of a building for use as a shop being re-defined as a ‘mate-
rial change of use’;

e amendments to omit specific references to (and a definition of) disabled
people;

e expansion of the terms to include parents with children, elderly people and
people with all types of disabilities (e.g. mobility, sight and hearing etc.);
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e the use of a building by disabled people as residents, visitors, spectators, cus-
tomers or employees, or participants in sports events, performances and con-
ferences (which resulted in amendments being made to M1 (accessibility),
M2 (sanitary accommodation) and M3 (audience and/or spectator seating).

The current edition, therefore, no longer primarily concentrates on wheelchair
users, but includes people using walking aids, people with impaired sight
(and other mobility and sensory problems), and mothers with prams as well

as people with luggage, etc.

Reasonable provision should, therefore, be made to make sure that dwellings
(including any purpose-built student living accommodation, other than tradi-
tional halls of residence providing mainly bedrooms and not equipped as self-

contained accommodation) provide sufficient access for disabled people.

2.7.13 Electrical components and installations

tective (earthing) conductors are provided.

2.7.13.1 Controls and switches

The aim should be to ensure that all controls and M (5.41)
switches should be easy to operate, visible and free from
obstruction, and:

they should be located between 750 mm and 1200 mm
above the floor

they should not require the simultaneous use of both
hands (unless necessary for safety reasons) to operate
switched socket outlets should indicate whether they
are ‘ON’

mains and circuit isolator switches should clearly
indicate whether they ‘ON’ or ‘OFF’

individual switches on panels and on multiple socket
outlets should be well separated

controls that need close vision (e.g. thermostats)
should be located between 1200 mm and 1400 mm
above the floor

front plates should contrast visually with their
backgrounds.

Controls that need close vision (e.g. thermostats) should M (4.30f)
be located between 1200 mm and 1400 mm above the
floor.
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The operation of all switches, outlets and controls should M (4.30j)

not require the simultaneous use of both hands (unless
necessary for safety reasons).

Where possible, light switches with large push pads M (5.3)
should be used in preference to pull cords.

The colours red and green should not be used in M (5.3)
combination as indicators of ‘ON’ and ‘OFF’ for switches
and controls.

2.7.13.2 Lighting circuits

All lighting circuits shall include a circuit protective conductor.

2.7.13.3 Fixed lighting

In locations where lighting can be expected to have L
most use, fixed lighting (e.g. fluorescent tubes and

compact fluorescent lamps — but not GLS tungsten

lamps with bayonet cap or Edison screw bases) with a
luminous efficacy greater than 40 lumens per circuit-

watt should be available.

Note: The following is an indication of the recommended number of loca-
tions (excluding garages, lofts and outhouses) that need to be equipped with

efficient lighting.

Number of rooms created (Hall, stairs and landing(s) Recommended minimum

count as one room as does a conservatory) number of locations

1-3
4-6
7-9
10-12

AW N =

Hall, stairs and landing(s) count as one room as does a conservatory.

2.7.13.4 External lighting fixed to the building

External lighting (including lighting in porches, but not lighting in garages

and carports) should:

automatically extinguish when there is enough L
daylight, and when not required at night.
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have sockets that can only be used with lamps having an L
efficacy greater than 40 lumens per circuit-watt (such as
fluorescent or compact fluorescent lamp types, and not GLS
tungsten lamps with bayonet cap or Edison screw bases).

2.7.13.5 Emergency alarms

Emergency alarm pull cords should: M (4.30e)

e be coloured red
e be located as close to a wall as possible
e have two red 50 mm diameter bangles.

Front plates should contrast visually with their backgrounds. M (4.30m)

The colours red and green should not be used in M (4.28)
combination as indicators of ‘ON’ and ‘OFF’ for switches
and controls.

2.7.13.6 Fire alarms

Fire alarms should emit an audio and visual signal to M (5.4g)
warn occupants with hearing or visual impairments.

Emergency assistance alarm systems should have: M (5.4h)

e visual and audible indicators to confirm that an
emergency call has been received

e areset control reachable from a wheelchair, WC, or a
shower/changing seat

e asignal that is distinguishable visually and audibly
from the fire alarm.

2.7.13.7 Heat emitters

Heat emitters should either be screened or have their M (5.4j)
exposed surfaces kept at a temperature below 43°C.

In toilets and bathrooms, heat emitters (if located) should M (5.10p)
not restrict:

e the minimum clear wheelchair manoeuvring space
e the space beside a WC used to transfer from the
wheelchair to the WC.
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2.7.13.8 Power-operated doors

Doors to accessible entrances shall be provided with a power-operated door
opening and closing system if a force greater than 20N is required to open or
shut a door.

Once open, all doors to accessible entrances should be wide enough to allow
unrestricted passage for a variety of users, including wheelchair users, people
carrying luggage, people with assistance dogs, and parents with pushchairs
and small children.

The effective clear width through a single leaf door M (2.13b)
(or one leaf of a double leaf door) should be in
accordance with Table 2.6.

Table 2.6 Minimum effective clear widths of doors

Direction and width of New buildings (mm) Existing buildings (mm)
approach

Straight-on (without a turn 800 750

or oblique approach)

At right angles to an access route 800 750

at least 1500 mm wide

At right angles to an access 825 775

route at least 1200 mm wide

External doors to buildings 1000 775

used by the general public

300 mm minimum
unless door
\ is power

operated

e
) J

750-1000 mm effective clear width 750-1000 mm effective clear width
(door stop to door leaf) (door stop to projecting ironmongery)

Figure 2.10 Effective clear width and visibility requirements of doors
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Power-operated entrance doors should have a sliding, swinging or folding
action controlled manually (by a push pad, card swipe, coded entry, or remote
control) or automatically controlled by a motion sensor or proximity sensor
such as a contact mat.

Power-operated entrance doors should:

be provided with a manual or automatic opening
device in the event of a power failure where and
when necessary for health or safety

open towards people approaching the doors
provide visual and audible warnings that they are
operating (or about to operate)

incorporate automatic sensors to ensure that they
open early enough (and stay open long enough) to
permit safe entry and exit

incorporate a safety stop that is activated if the
doors begin to close when a person is passing
through

have a readily identifiable and accessible stop
switch

have safety features to prevent injury to people
who are struck or trapped (such as a pressure-
sensitive door edge which operates the power
switch)

revert to manual control (or fail safe) in the open
position in the event of a power failure

when open, not project into any adjacent access route

ensure that its manual controls:

are located between 750 mm and 1000 mm above

floor level

are operable with a closed fist

be set back 1400 mm from the leading edge of the
door when fully open

be clearly distinguishable against the background
contrast visually with the background.

K5 (5.2d)
M (2.21a)
M (2.21¢c)

M (2.21¢)

M (2.21b)

K5 (5.2d)

K5 (5.2d)

M (2.21d)

M (2.21e)
M (2.21f)

M (2.21g)

M (2.21g)
M (2.19
and 2.21g)

Note: Revolving doors are not considered ‘accessible’ as they create particu-
lar difficulties (and possible injury) for people who are visually impaired, for
people with assistance dogs or mobility problems and for parents with chil-
dren and/or pushchairs.
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2.7.13.9 Switches and socket outlets

Switches and socket outlets for lighting and other M2 (8.2)
equipment should be located so that they are easily

reachable.

Switches and socket outlets (for lighting) should be M2 (8.3)

installed between 450 mm and 1200 mm from the
finished floor level (See Figure 2.11).

Telephone jack points

Door bells,
Entry phones
Switches
Sockets

TV sockets

1200 mm

——
-
| 5]
o
[e]
[z

|

Figure 2.11 Heights of switches and sockets etc.

450 mm

The aim is to help people with limited reach (e.g. seated in a wheelchair)
access a dwelling’s wall-mounted switches and socket outlets.

Socket outlets

Older types of socket outlet designed non-fused plugs must P AppC
not be connected to a ring circuit.

Socket outlets that will accept unearthed (2-pin) plugs must P AppC
not be used to supply equipment needing to be earthed.

Sensitive RCD protection is required for all socket outlets P AppC
which have a rating of 32 A or less and which may be used
to supply portable equipment for use outdoors.

Socket outlets should comply with the requirements of P1.5
Part M (see Section 2.13.24).

Portable equipment for use outdoors

Sensitive RCD protection is required for all socket outlets P AppC
which have a rating of 32 A or less and which may be
used to supply portable equipment for use outdoors.
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Switched socket outlets

Switched socket outlets should indicate whether they
are ‘ON’.

Mains and circuit isolator switches should clearly
indicate whether they are ‘ON’ or ‘OFF’.

Individual switches on panels and on multiple socket
outlets should be well separated.

All socket outlets should be wall-mounted.

Socket outlets should be located no nearer than
350 mm from room corners.

Front plates should contrast visually with their
backgrounds.

The colours red and green should not be used in

M (4.30k)

M (4.301)

M (4.29)

M (4.30a and b)
M (4.30g)

M (4.30m)

M (4.28)

combination as indicators of ‘ON’ and ‘OFF’ for
switches and controls.

Wall sockets

Wall sockets shall meet the following requirements:

Table 2.7 Building Regulations requirements for wall sockets

Type of wall Requirement Section

Timber framed Power points may be set in the linings, provided E (p14)
there is a similar thickness of cladding behind the
socket box.
Power points should not be placed back to back E (p14)
across the wall.

Solid masonry Deep sockets and chases should not be used in E 2.32
separating walls.
Stagger the position of sockets on opposite sides  E 2.32f
of the separating wall.

Cavity masonry Stagger the position of sockets on opposite sides E 2.65e
of the separating wall.
Deep sockets and chases should not be usedina  E 2.65d2
separating wall.
Deep sockets and chases in a separating wall E 2.65d2
should not be placed back to back.

Framed walls with Sockets should:

absorbent material e be positioned on opposite sides of a separating

wall; E 2.146b
e not be connected back to back; E 2.146b2
e be staggered a minimum of 150 mm edge to
edge. E 2.146b2
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Light switches

Light switches should: M (4.30h and I)
e have large push pads
e align horizontally with door handles
e be within the 900 to 1100 mm from the entrance
door opening.
Switches and controls should be located between M (4.30c and d)
750 mm and 1200 mm above the floor.
Where possible, light switches with large push pads M (5.3)
should be used in preference to pull cords.
The colours red and green should not be used in M (5.3)
combination as indicators of ‘ON’ and ‘OFF’ for
switches and controls.

Telephone points and TV sockets

All telephone points and TV sockets should be M (4.30a and b)
located between 400 mm and 1000 mm above the

floor (or 400 mm and 1200 mm above the floor

for permanently wired appliances).

2.7.13.10 Other considerations

Lecture/conference facilities

Artificial lighting should be designed to give M (4.9)
good colour rendering of all surfaces.
Artificial lighting should be designed to be M (4.12.1)

compatible with other electronic and radio

frequency installations.

Artificial lighting should be designed to be M (4.36f)
compatible with other electronic and radio

frequency installations.

Artificial lighting should be designed to give M (4.34)
good colour rendering of all surfaces.
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Swimming pools and saunas

Cellars or basements

https://engineersreferencebookspdf.com
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Earthing

From an electrical point of view, the world is effectively a huge conductor at
zero potential and is used as a reference point which is called ‘earth’ (in the
UK) or ‘ground’ (in the USA). People and animals are normally in contact
with earth and so if another part, which is open to touch, becomes charged at
a different voltage from earth, then a shock hazard will exist.

This chapter reminds the reader about the different types of earthing sys-
tems and earthing arrangements. It then lists the main requirements for safety
protection (direct and indirect contact), protective conductors and protective
equipment before briefly touching on the test requirements for earthing.

Similar to other chapters it should be noted that these lists of requirements are
only the author’s impression of the most important aspects of the Wiring Regu-
lations and electricians should always consult BS 7671 to satisfy compliance.

New requirements for earthing

BS 7671:2008 includes changes necessary to maintain technical align-
ment with CENELEC harmonisation documents. Earthing requirements
now include:

e protection of low-voltage installations against temporary overvolt-
ages due to earth faults in high- and low-voltage systems

e the requirement that a metallic pipe of a water utility supply should
not be used as an earth electrode is retained and that other metallic
water supply pipework (e.g. belonging to a privately owned water
supply network) shall likewise not be used as an earth electrode
unless precautions are taken against its removal and it has been con-
sidered for such a use.

New appendices concerning earthing have also been included in the
new BS 7671: 2008. These include:

e measurement of earth fault loop impedance (consideration of the
increase of the resistance of conductors with increase of temperature)

e methods for measuring the insulation resistance/impedance of floors
and walls to earth or to the protective conductor system.
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Figure 3.1 Bonding and earthing

3.1 What is earth?

In electrical terms, ‘earth’ is defined as:

The conductive mass of the earth, whose electric potential at any point
is conventionally taken as zero.

From an astrological and geophysical point of view, on the other hand:

Earth (also known as the Earth, Terra, and — mostly in the 19th century —
Tellus) is the third planet outward from the Sun. It is the largest of the
solar system ‘s terrestrial planets and the only planetary body that mod-
ern science confirms as harbouring life. The planet formed around 4.57
billion (4.57 X 10°) years ago and ‘shortly’ thereafter (i.e. about 4.533
billion years ago!) acquired its single natural satellite, the moon. Its
astronomical symbol consists of a circled cross, representing a merid-
ian and the equator.



Earthing 59

3.2 What is meant by ‘earthing’
and how is it used?

Earthing: connection of the exposed conductive parts of an installation
to the main earthing terminal of that installation.

Earthing is a process that is used to connect all of the parts that could become
charged, to the general mass of earth and in so doing, provide a path for fault
currents which will hold these parts as close as possible to earth (i.e. zero)
potential. In doing so, this will prevent a potential difference happening
between earth and earthed parts, as well as letting the flow of fault current to
operate the protective systems.

An earthing system, on the other hand, defines the electrical potential of
the conductors relative to that of the earth’s conductive surface. The choice
of earthing system has implications for the safety and electromagnetic com-
patibility of the power supply.

An earth electrode is the part of the system that is directly in contact with
the earth and this can be just a metal (usually copper) rod or stake driven into
the earth or a connection to a buried metal service, pipe or a complex system
of buried rods and wires.

/ Earth conductor

| % 77 |
| N
S SR
| ] N
N
Bl A
R fo AN ~\}/
e Y

Figure 3.2 Earth conductor and electrode

The resistance of the electrode-to-earth connection will determine its qual-
ity and this can be improved by:

e increasing the surface area of the electrode that is in contact with the earth;
e increasing the depth to which the electrode is driven;
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using several connected ground rods;

increasing the moisture of the soil;

improving the conductive mineral content of the soil;
increasing the land area covered by the ground system.

A protective earth (PE) connection ensures that all exposed conductive surfaces
are at the same electrical potential as the surface of the earth and thus avoid-
ing the risk of an electrical shock if a person, or an animal, touches equipment
(or a device) in which an insulation fault has occurred. PE also ensures that if
an insulation fault occurs, then a high fault current will flow which will trig-
ger an overcurrent protection device (e.g. a fuse) that will disconnect the power
supply.

A functional earth (FE) connection, as well as providing protection against
electrical shock, can also carry a current during the normal operation of a
device — a facility that is often required by devices such as surge suppression
and electromagnetic-compatibility filters, and some types of antennas as well
as a number of measuring instruments.

In a mains (i.e. a.c. power) wiring installation, the ‘ground’ wire is
(directly or indirectly) connected to one or more earth electrodes and carries
currents away under fault conditions. These earth electrodes may be located
locally or in the supplier’s network some distance away, and the ground wire
is also usually bonded to pipework so as to keep it at the same potential as the
electrical ground during a fault.

The standard method of attaching the electrical supply system to earth is
to make a direct connection between the two at the supply transformer so
that the neutral conductor (often the star point of a three-line supply — see
Figure 3.3) is connected to earth using an earth electrode or the metal sheath
and/or armouring of a buried cable.

Note: Lightning conductor systems must be bonded to the installation earth
with a conductor that is not larger (i.e. in cross-sectional area) than that of the
earthing conductor.

3.3 Advantages of earthing

The main advantage to earthing is that the whole electrical system is tied to the
potential of the general mass of earth and cannot ‘float’ at another potential.
By connecting earth to metalwork (that is not intended to carry current), a path
is provided for fault current which can be detected by a protective conductor
and, if necessary, broken. The path for this fault current is shown in Figure 3.4.

The disadvantage of earthing is mainly the cost of having to provide pro-
tective conductors and earth electrodes, etc.

Earthing arrangements may be used jointly or separately for protective and
functional purposes, according to the requirements of the installation. They
should, however ensure that:

e they are sufficiently robust (or have additional mechanical protection) to
external influences;
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Figure 3.3 Three-line delta/star transformer showing earthing
arrangements
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Figure 3.4 Path for earth fault current (shown by arrows)
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e the impedance from the consumer’s main earthing terminal to the earthed
point of the supply meets the protective and functional requirements of the
installation;

e carth fault currents and protective conductor currents that may occur are
carried without danger.

Note: this particularly applies with respect to thermal, thermomechanical and
electromechanical stresses.

If a number of installations have separate earthing arrangements then any
protective conductor that is common to one of these installations shall either:

e Dbe capable of carrying the maximum fault current likely to flow through
them; or

e carth one installation and be insulated from the earthing arrangements of
other installation(s).

Precautions should be taken against possible damage to other metallic parts
through electrolysis and if the protective conductor forms part of a cable, then
this shall only be earthed in the installation containing the associated protec-
tive device.

Supplier's Consumer unit or
meter distribution board

E E Earth bar
LN j/
e q K i
Supply tails
Supply |
fused
cut-out | ¢
! |
' | |
Supply | ]
CNE |
cable . Main earthing
"""" terminal Water  Gas

Figure 3.5 Domestic earthing arrangement earth electrodes

3.4 What types of earthing system are there?

In the Regulations, an electrical system is defined as consisting of ‘a single
source of electrical energy and an installation’ and the type of system depends
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on the link between the source and the exposed conductive parts of the instal-
lation, to earth.

\% Note: In this context, an ‘exposed conductive part’ means a conductive part
of an item of equipment which can be touched and which is not (i.e. cur-
rently) a live part, but which ‘may’ become live under fault conditions.

The three basic systems available are classified as TN (which is then further
subdivided into TN-C, TN-C-S and TN-S), TT and IT (as shown in Figure 3.6).

TN-S
TN-C TN-C-S
TN
TT +— Earthing system — TC
IT

Figure 3.6 Earthing systems

3.4.1 System classification

In order to identify the different systems, a unique four-lettered code is used.
The first letter indicates the type of supply earthing, so that:

e T indicates that one or more points of the supply are directly earthed (for
example, the earthed neutral at the transformer);

e I indicates either that the supply system is not earthed (at all) or that the
earthing includes a deliberately inserted impedance, the purpose of which
is to limit fault current.
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The second letter indicates the earthing arrangement in the installation,
so that:

e T indicates that all exposed conductive metalwork is connected directly to
earth;

¢ N indicates that all exposed conductive metalwork is connected directly to
an earthed supply conductor provided by the electricity supply company.

The third and fourth letters indicate the arrangement of the earthed supply
conductor system and:

e S —ensure that neutral and earth conductor systems are quite separate; and
e C —ensure that neutral and earth are combined into a single conductor.

3.4.2 TN systems

In a TN system:

e the integrity of the earthing of the installation depends on a reliable and
effective connection of the PEN or PE conductors to earth;

e one or more points in the generator or transformer are connected to earth
(usually the star point in a three-line system). The body of the electrical
device is then connected with earth via this earth connection at the trans-
former and exposed conductive parts of the installation are then connected
to that point by protective conductors.

Generator or

transformer
EVAVEVAN L1
.,_/W\ L2
‘,_/W\ L3
N
PS PE
= :_ TTTTTTTTET
Earth : Consumer :

Figure 3.7 TN system
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The conductor that connects together the exposed metallic parts of the con-
sumer installation is called the protective earth (PE), while the conductor that
connects to the star point in a three-line system (or which carries the return
current in a single-line system) is called the neutral (N).

There are three variants of TN systems: TN-C, TN-S and TN-C-S.

3.4.3 TN-C system

A TN-C system is one where the neutral (N) and protective earth (PE) func-
tions are combined in a single conductor (i.e. a PEN or protective multiple
earth conductor) throughout the system and this combined neutral and earth
wiring is then used both by the supply and from within the installation itself.

Generator or
transformer

L1

L2

L3

'S PEN

— it Sl

-
Earth | Consumer

Figure 3.8 TN-C system

There are a number of disadvantages with using a TN-C network. For
example:

e RCDs (residual current devices) are far less likely to detect an insulation
fault.

e They are vulnerable to unwanted triggering caused by contact between
earths of circuits, on different RCDs or with real ground.

e Any connection between the combined neutral and earth core and the body of
the earth could end up carrying significant current under normal conditions.

e If there is a contact problem in the PEN conductor, then all parts of the earth-
ing system beyond the break will rise to the potential of the live conductor(s).

TN-C systems normally use an earthed concentric system, which can only be
é installed under special conditions.
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3.4.4 TN-S system

TN-S systems have separate protective earth (PE) and neutral (N) conductors
from the transformer to the consuming device and these conductors remain
separated throughout the system (see Figure 3.9).

Generator or

transformer
L1
‘,_/\/\/\ L2
o/ V'V L3
N
o PE
= | I |
Earth | Consumer |

Figure 3.9 TN-S system

The TN-S is the most common earthing system in the UK and one where
the electricity supply company provides an earth terminal at the incoming
mains position. This earth terminal is then connected by the supply PE back
to the star point (neutral) of the secondary winding of the supply transformer,
which is also connected, at that point, to an earth electrode. The earth conduc-
tor is usually the armour and sheath (if applicable) of the underground supply
cable. In TN-S systems an RCD can be used as an additional protection.

Electromagnetic compatibility

One of the advantages of a TN-S system concerns electromagnetic compatibil-
ity, whereby the consumer has a low-noise connection to earth and does not
suffer from the voltage that appears on the neutral conductor as a result of the
return currents and the impedance of that conductor. This is of particular impor-
tance with some types of telecommunication and measurement equipment.

TN-S networks also save costs by having a fairly low-impedance earth con-
nection near each consumer.

3.4.5 TN-C-S system

A TN-C-S system is one that uses a combined PEN conductor between the
transformer and the building distribution point substation and the entry point
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into the building and then splits up into separate PE and N lines within the
building (see Figure 3.10) to fixed indoor wiring and flexible power cords.

Generator or
transformer

E;rth | Consumer

Figure 3.10 TN-C-S system

L1
L2

L3

PE

Note: In the UK, this system is also known as protective multiple earthing as
it connects the combined neutral and earth to real earth at many locations to

thereby reduce the risk of broken neutrals.

Although TN-C networks save the cost of an additional conductor to sep-
arate N and PE connections, special cable types and lots of connections to

earth are required.

As any connection between the combined neutral and earth core and the
body of the earth could end up carrying significant current under normal con-
ditions, the use of TN-C-S is not recommended for locations such as petrol
stations etc., where there is a combination of lots of buried metalwork and

explosive gases.

In addition, owing to the possibility of a lost neutral, the use of TN-C-S
supplies is banned for caravans and boats in the UK and it is often recom-

mended to make outdoor wiring TT with a separate rod.

3.4.6 TT system

A TT system is one which has one point of the energy source directly earthed
and the exposed conductive parts of the consumer’s installation are provided
with a local connection to earth, independent of any earth connection at the

generator (see Figure 3.11).

This type of installation is usually found in rural locations where the system
is not provided with an earth terminal by the electricity supply company and the
installation is fed from an overhead supply. Neutral and earth (protective) con-
ductors must be kept quite separate throughout the installation and the final earth
terminal must be connected to an earth electrode — via an earthing conductor.



68 Wiring Regulations in Brief

Generator or
transformer

L1

ID—/W\ L2
o/ VIV L3

L I O O

! I
Earth | Consumer : Earth
I

Figure 3.11 TT system

TT systems (similar to TN-S systems) have a low-noise connection to
earth, which is particularly important with some types of telecommunication
and measurement equipment.

3.4.7 IT system

An IT system is one which has no direct connection between live parts and
earth and where the exposed conductive parts of the electrical installation are
earthed (see Figure 3.12).

An IT system is similar to a TT system except that the supply earthing in an
IT system can either be from an unearthed supply or one which (although not
totally earthed) is connected to earth through a current-limiting impedance.

This lack of earth will usually mean that normal protective methods can-
not be used and for this reason, IT systems are not normally allowed in the
UK public supply system — except for hospitals and other medical locations
where they are recommended for use with circuits supplying medical equip-
ment intended for life-support of patients.

3.5 Earth fault loop impendence
As shown in Figure 3.13, the earth fault loop starts at the point of the fault
and comprises:

e the circuit protective conductor (CPC);
e the consumer’s earthing terminal and earthing conductor;
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Figure 3.12 IT system
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Figure 3.13 Earth fault loop impendence path (courtesy of Brian Scaddan)

e (for TN systems) the metallic return path or (for TT and IT systems) the
earth return path;
the path through the earthed neutral point of the transformer;
the transformer winding;
the line conductor from the transformer to the point of fault.
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3.6 Earthing points

It has been proved that the resistance area around an earth electrode depends
on the size of the electrode and the type of soil and that this electrode resist-
ance is particularly important with regard to the voltage at the surface of the
ground. For example, as shown in Figure 3.14, for a 2m rod with its top at
ground level, approximately 80-90% of the voltage appearing at the electrode
under fault conditions will be dropped in the first 2.5-3 m from the electrode.

Main electrode Test electrode

No further increase
in resistance

]
[ |
[ |
=1 i
S ) i Y )
) | | 1 Pl Value of resistance
= : : AR : will be dependent
51/ Reosflsetlzr;f:)géea | on size of electrode
a1/ ) | i
e | ! ; f VR 4 and type of soil
I A T |
o1 20 b s
bor Distance (m)
R R | | 1 [
- [ RN | [
- [ I P R I
- [ I R N A
’ I Y T AN R
/ N
: I T T T R I
7 I Y T T \ S
/ [ N T B R
/ [ N A
h I Y T T
I [T R T T I O
* Electrode & 6 o ok
‘.\ Approx. 2.5m !
/
\ /
\ /

Resistance area ™ —-—-— :
of electrode

Figure 3.14 The resistance area of an earth electrode (courtesy of Brian
Scaddan)

This can be particularly dangerous where livestock is concerned. For
example, in some circumstance a grazing cow might have its forelegs inside
the resistive area, whilst its hindlegs are outside of the area. Bearing in mind
that a potential difference of 25V can it be lethal, measures have to be taken
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to reduce this risk. One method is to house the earth electrode in a pit that is
below ground level (as shown in Figure 3.15).

Removable cover

Earth clamp

Duct

Earthing conductor

Warning notice
Earth rod

Figure 3.15 An earth electrode protected by a pit below ground level
(courtesy of Brian Scaddan)

3.7 Main earthing terminals

The main earthing terminal acts as the single reference point and can com-
prise a bar, a plate or even a copper internal ‘ring’ conductor. This is often
connected directly to an effective earth electrode and this connection must
be of copper because of the corrosion risk if aluminium or copper clad alu-
minium were used.

The main earthing terminal shall be connected to earth as shown below
and in Figure 3.16.

System Main earthing terminal

TTorlT Connected via an earthing conductor to an earth electrode

TN-S Connected to the earthed point of the energy source

TN-C-S Connected (by the distributor) to the neutral of the energy source

The earth electrode should be positioned as close as possible to the main
earthing terminal.
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System

Provision of earth

Remarks

T

Earthing
conductor

TN-S

Earthing
conductor

TN-C-S

Earthing is provided by the
consumer’s own installation
earth electrode.

Earthing is provided by the
distributor.

Earthing is provided by the
distributor.

No earthing facility is made
available to the consumer
by the distributor or (if such
a facility is made available)
it is not used.

This is usually provided
either by a direct connection
to the supply cable sheath
or via a separate protective
conductor in the form of a
split-concentric cable or
overhead conductor.

This is connected to the
incoming supply neutral to
give a protective multiple
earth (PME) supply, where
the supply neutral and
protective conductors are in
the form of a combined
neutral and earth (CNE)
conductor.

Figure 3.16 Earth provision
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3.8 Earth electrodes

An earth electrode is a conductor, or group of conductors, that connects the
main earthing terminal of an installation to an earth electrode or to other means
of earthing. Earth electrodes shall be designed and constructed so that they can:

e withstand damage;
e take into account a possible increase in resistance due to corrosion.

The following types of earth electrode may be used for electrical installations:

earth rods or pipes;

earth tapes or wires;

earth plates;

lead sheaths and other metal cable covers;

other suitable underground metalwork;

structural metalwork embedded in foundations;

welded metal reinforced concrete (except pre-stressed concrete) embed-
ded in the earth.

A metallic pipe:

e for gases; or

e flammable liquids; or

e of a water utility supply; or

e other metallic water supply pipework

shall not be used as an earth electrode — unless precautions are taken against
its removal and it is suitable for its intended use.

3.9 Earthing conductors

*All earthing conductors shall meet the requirements 542-03-01
for protective conductors.

The earthing conductor is an important part of the earth fault loop impedance
as it is a protective conductor that connects the main earthing terminal of an
installation to an earth electrode, or to some other means of earthing.

3.10 Requirements from the Regulations

3.10.1 Additions and alterations to an installation

No addition or alteration, temporary or permanent, shall be ~ WR-131.8
made to an existing installation unless it has been
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Steel driving cap

Earthing conductor clamp

.................. Earth rod

------------------ Coupler

| o v

.................. Steel tip

Figure 3.17 An example of an earthing conductor (courtesy of Brian
Scaddan)

ascertained that the earthing and bonding arrangements used as a
protective measure for the safety of the addition
or alteration, are adequate.

3.10.2 Automatic disconnection of supply

Automatic disconnection of supply is a protective measure, in which fault
protection is provided by protective earthing, protective equipotential bond-
ing and automatic disconnection in case of a fault.

3.10.3 Autotransformers and step-up transformers

A step-up autotransformer shall not be connected WR-555.1.2
é to an IT system.
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3.10.4 Cables

A cable passing through a joist within a floor or ceiling ~ 522.6.5
construction or through a ceiling support (e.g. under
floorboards), shall:

incorporate an earthed metallic covering; or

be enclosed in earthed conduit; or

be enclosed in earthed trunking or ducting; or

be mechanically protected against damage
sufficient to prevent penetration of the cable by
nails, screws etc.; or

o be at least 50 mm measured vertically from the
top, or bottom as appropriate, of the joist or batten.

A cable concealed in a wall or partition at a depth of less  WR_522.6.6

than 50 mm from a surface of the wall or partition shall:

incorporate an earthed metallic covering; or
be enclosed in earthed conduit; or
be enclosed in earthed trunking or ducting
complying; or

e be mechanically protected against damage
sufficient to prevent penetration of the cable by
nails, screws etc.; or

o be installed in a zone within 150 mm from the top
of the wall or partition or within 150 mm of an
angle formed by two adjoining walls or partitions.

Where the installation is not intended to be under the supervision of a skilled
or instructed person, consideration shall be given to providing additional pro-

tection by means of an RCD.

If the cables of an installation not intended to be under WR-522.6.8
the supervision of a skilled or instructed person are

concealed in a wall or partition (the internal construction

of which includes metallic parts, other than metallic

fixings such as nails, screws and the like) then it shall:

incorporate an earthed metallic covering; or

be enclosed in earthed conduit; or

be enclosed in earthed trunking or ducting; or

be mechanically protected sufficiently to avoid
damage to the cable during construction of the wall
or partition and during installation of the cable; or
o Dbe provided with additional protection by means

of an RCD.
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A cable buried in the ground (that is not installed in a WR-522.8.10
conduit or duct) shall incorporate an earthed armour

or metal sheath or both, suitable for use as a protective

conductor.

3.10.5 Earthing conductors

The connection of an earthing conductor to the earth ~ WR-542.3.2
electrode shall be:

soundly made

electrically and mechanically satisfactory
suitably labelled

suitably protected against corrosion.

Where buried in the ground, the earthing conductor WR-542.3.1
shall have a cross-sectional area not less than that
stated in Table 3.1.

Table 3.1 Minimum cross-sectional area of a buried earthing conductor (repro-
duced with permission of IET)

Protected against mechanical Not protected against
damage mechanical damage
Protected against 2.5mm? copper 16 mm? copper
corrosion by a sheath 10mm? steel 16mm? coated steel
Not protected against 25mm? copper
corrosion 50 mm? steel
Where PME (protective multiple earthing) exists, WR-542.3.1

the requirements for main equipotential bonding
conductors (i.e. for the cross-sectional area of a main
equipotential bonding conductor) shall be met.

The thickness of tape or strip conductors shall be WR-542.3.2
capable of withstanding mechanical damage and
corrosion (see BS 7430).
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3.10.6 Earth electrodes

The following types of earth electrode are recognised as being suitable for the
purposes of these Regulations:

earth rods or pipes;

earth tapes or wires;

earth plates;

underground structural metalwork embedded in foundations;

welded metal reinforcement of concrete (except pre-stressed concrete)
embedded in the earth;

lead sheaths and other metal coverings of cables;

other suitable underground metalwork.

Note: Further information on earth electrodes can be found in BS 7430.

The type and embedded depth of an earth electrode WR-542.2.2
shall be such that soil drying and freezing will not
increase its resistance above the required value.

The design used for (and the construction of) an earth WR-542.2.3
electrode shall be such as to withstand damage and to

take account of possible increase in resistance due to

corrosion.

A metallic pipe:

for gases; or

flammable liquids; or

of a water utility supply; or

other metallic water supply pipework

shall not be used as an earth electrode unless precautions are taken against its
removal and it is suitable for its intended use.

The use, as an earth electrode, of the lead sheath or WR-542.2.5
other metal covering of a cable shall be subject to all
of the following conditions:

e Adequate precautions have been taken to
prevent excessive deterioration by corrosion

e The sheath or covering shall be in effective
contact with earth

e The consent of the owner of the cable has
been obtained
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e Arrangements exist for the owner of the
electrical installation to be warned of any
proposed change to the cable which might
affect its suitability as an earth electrode.

Earth electrodes shall be designed and constructed WR-542.2.3
so that they can:

e withstand damage
e take into account a possible increase in
resistance due to corrosion.

3.10.7 Earth fault current

The choice and type of wiring system and the method WR-132.7
of installation shall include consideration of the

electromechanical stresses likely to occur due to short-

circuit and earth fault currents.

The characteristics of protective equipment shall be WR-132.8
determined with respect to their function, including
protection against the effects of earth fault current.

3.10.8 Earth faults

This particular Regulation provides requirements for the safety of the low-
voltage installation in the event of:

a fault between the high-voltage system and earth in the transformer sub-
station that supplies the low-voltage installation;

loss of the supply neutral in the low-voltage system;

short-circuit between a line conductor and neutral in the low-voltage
installation;

accidental earthing of a line conductor of a low-voltage IT system.

An earthing arrangement may be considered electrically WR-442.1.2
independent of another earthing arrangement if a rise of

potential with respect to earth in one earthing

arrangement does not cause an unacceptable rise of

potential with respect to earth in the other earthing

arrangement.
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The magnitude and duration of the power frequency WR-442.2.2
stress voltages on the low-voltage equipment in the

low-voltage installation due to an earth fault in the

high-voltage system shall not exceed the requirements

given in Table 3.2.

Table 3.2 Permissible power frequency stress voltage (reproduced with permis-
sion of IET)

Duration of the earth fault in the high-voltage Permissible power frequency stress
system voltage on equipment in low-voltage
installations U

>5s U, + 250V
<5s U, + 1200V

3.10.9 Earthing arrangements

For a TN-S system, means shall be provided for the WR-542.1.2
main earthing terminal of the installation to be connected

to the earthed point of the source of energy. Part of the

connection may be formed by the distributor’s lines and

equipment.

For a TN-C-S system, where protective multiple WR-542.1.3
earthing is provided, the main earthing terminal of

the installation shall be connected by the distributor

to the neutral of the source of energy.

For a TT or IT system, the main earthing terminal WR-542.1.4
shall be connected via an earthing conductor to an
earth electrode.

The earthing arrangements may be used jointly or WR-542.1.5
separately for protective and functional purposes,
according to the requirements of the installation.

The earthing arrangements shall be such that: WR-542.1.6

e the value of impedance from the consumer’s
main earthing terminal to the earthed point of the
supply for TN systems, or to earth for TT and IT
systems, is in accordance with the protective and
functional requirements of the installation, and
considered to be continuously effective; and

e carth fault currents and protective conductor
currents which may occur are carried without
danger, particularly from thermal, thermo-
mechanical and electromechanical stresses; and
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e they are adequately robust or have additional
mechanical protection appropriate to the assessed
conditions of external influence.

Precautions shall be taken against the risk of damage WR-542.1.7
to other metallic parts through electrolysis.

Where a number of installations have separate WR-542.1.8
earthing arrangements, any protective conductors
common to any of these installations shall either:

e be capable of carrying the maximum fault
current likely to flow through them; or

e be earthed within one installation only and
insulated from the earthing arrangements of
any other installation.

Where earthing for combined protective and func- WR-543.5.1
tional purposes is required, the requirements for pro-
tective measures shall take precedence.

Equipment having a protective conductor current WR-543.7.1.2
exceeding 10 mA shall be connected to the supply:

permanently via the wiring of the installation; or
via a flexible cable with a plug and socket-
outlet; or

e via a protective conductor with an earth
monitoring system.

The wiring of every final circuit and distribution cir- WR-543.7.1.3
cuit intended to supply one or more items of equip-

ment, such that the total protective conductor current

is likely to exceed 10 mA, shall have a high integrity

protective connection complying with one or more

of the following:

e asingle protective conductor with a cross-
sectional area greater than 10 mm?

e asingle copper protective conductor having a
cross-sectional area of not less than 4 mm?
two individual protective conductors
an earth monitoring system which, in the event
of a continuity fault occurring in the protective
conductor, automatically disconnects the
supply to the equipment

e connection of the equipment to the supply
by means of a double-wound transformer or
equivalent unit, such as a motor-alternator set.
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3.10.10 Earthing conductors

Where buried in the ground, the earthing conductor shall WR-542.3.1
have a cross-sectional area not less than that stated in
Table 3.3.

Table 3.3 Minimum cross-sectional area of a buried earthing conductor (repro-
duced with permission of IET)

Protected against mechanical Not protected against

damage mechanical damage
Protected against corrosion  2.5mm? copper 16 mm? copper
by a sheath 10mm? steel 16 mm? coated steel
Not protected against 25mm? copper
corrosion 50 mm? steel
The connection of an earthing conductor to an earth WR-542.3.2

electrode or other means of earthing shall be:
soundly made; and

electrically and mechanically satisfactory; and
labelled; and

suitably protected against corrosion.

3.10.11 Earthing systems

The type of earthing system to be used for the WR-312.3.1
installation shall be determined, taking into

consideration the characteristics of the source of energy

and (in particular) any earthing facilities.

\\% Note: The types of earthing system are: TN-C, TN-S, TN-C-S, TT and IT
(See Section 3.4).

3.10.12 Electrical separation

Electrical separation is a protective measure in which:

basic protection is provided by basic insulation of live parts or by barriers
or enclosures; and

fault protection is provided by simple separation of the separated circuit
from other circuits and from earth.
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Electrical separation may only supply one item of WR-413.1.2
current-using equipment from one unearthed source
with simple separation.

3.10.13 Electrical services

A voltage Band I circuit shall not be contained in the WR-528.1
same wiring system as a Band II circuit unless (for a

multicore cable or cord) the cores of the Band I circuit

are separated from the cores of the Band II circuit by

an earthed metal screen of equivalent current-carrying

capacity to that of the largest core of a Band II circuit.

3.10.14 Emergency switching

Emergency switching may be emergency switching ON or emergency
switching OFF.

Unless the neutral conductor can be regarded as WR-537.4.1.2
being reliably connected to earth in a TN-S or TN-

C-S system, then the neutral conductor need not be

isolated or switched.

3.10.15 Earthing terminals or bars

In every installation a main earthing terminal shall WR-542.4.1
be provided to connect the following to the earthing
conductor:

circuit protective conductors

protective bonding conductors

functional earthing conductors (if required)
lightning protection system bonding conductor,
if any.

To enable the resistance of the earthing arrangements WR-542.4.2
to be measured, the earthing conductor needs to be
capable of being easily disconnected.

Joints in an earthing conductor shall be capable of WR-542.4.2
being disconnected only by means of a tool.
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The neutral (star) point of the secondary windings of WR 411.8.4.2
three-line transformers and generators (or the

midpoint of the secondary windings of a single-line

transformer or generator) shall be connected to earth.

Main protective bonding conductors of each installation WR-411.3.1.2
shall connect extraneous conductive parts to the main
earthing terminal including the following:

central heating and air conditioning systems
exposed metallic structural parts of the building
gas installation pipes

water installation pipes

other installation pipework and ducting.

[~ Where an installation serves more than one building the above requirement
@ shall be applied to each building.

In a TN system, exposed conductive parts of the WR-411.4.2
installation shall be connected by a protective

conductor to the main earthing terminal of the

installation (which shall, in turn, be connected to the

earthed point of the power supply system).

In a TT system, exposed conductive parts of the WR-411.5.1
installation shall be protected by a single protective

device connected, via the main earthing terminal, to a

common earth electrode.

For a TN-S system, the main earthing terminal of the WR-542.1.2
installation shall be connected to the earthed point of the
source of energy.

Part of the connection may be formed by the distributor’s lines and equipment.

For a TN-C-S system, where protective multiple WR-542.1.3
earthing is provided, the main earthing terminal of the

installation shall be connected, by the distributor,

to the neutral of the source of energy.

For a TT or IT system, the main earthing terminal WR-542.1.4
shall be connected via an earthing conductor to an
earth electrode.
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3.10.16 Fault protection

All exposed conductive parts of the reduced low-voltage WR-411.8.3
system shall be connected to earth.

The earth fault loop impedance at every point of WR-411.8.3
utilisation, including socket-outlets, shall be such
that the disconnection time does not exceed 5 s.

Where a circuit-breaker is used, the maximum value of WR-411.8.3
earth fault loop impedance (Z;) shall be determined
by the formula Z; X I, = U.,.

where:

Z, is the impedance in ohms (£2) of the fault loop

I, is the current in amperes (A) causing the automatic operation of the dis-
connecting device within the time specified in Table 41.1 (p. 46 of BS
7671:2008)

U, is the nominal a.c. rms or d.c. line voltage to earth in volts (V).

Where a fuse is used, the maximum values of earth fault loop impedance
(Z,) for 5 s disconnection time and U, of 55V (single-line) and 63.5V
(three-line) shall be in accordance with the values stated in Table 41.6 of BS
7671:2008, p. 54.

Where fault protection is provided by an RCD, the WR-411.8.3
product of the rated residual operating current (IM)

in amperes and the earth fault loop impedance in

ohms shall not exceed 50.

Fault protection may be omitted for unearthed street WR-410.3.9
furniture supplied from an overhead line and
inaccessible in normal use.

Live parts of the separated circuit shall not be WR-413.3.3
connected at any point to another circuit or to earth
or to a protective conductor.

No exposed conductive part of the separated WR-413.3.6
circuit shall be connected either to the protective

conductor or exposed conductive parts of other

circuits, or to earth.
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3.10.17 High leakage current

Any insulation or insulating arrangement of extraneous ~ WR-612.5.2
conductive parts shall not pass a leakage current
exceeding 1 mA in normal conditions of use.

In supply systems, RCMs may be installed to reduce the WR-538.4.1
risk of operation of the protective device in the event

of excessive leakage current of the installation or the

connected appliances.

\% Note: A residual current monitor permanently monitors any leakage current
in the downstream installation or part of it.

Where an RCM is used in an a.c. IT system, the use of WR-538.4
a directionally discriminating RCM is recommended in

order to avoid inopportune signalling of leakage current

where high leakage capacitances are liable to exist

downstream from the point of installation of the RCM.

3.10.18 Isolation

Isolation is intended, for reasons of safety, to make a circuit dead by separating
an installation or section from every source of electric energy.

Every circuit shall be capable of being isolated from WR-537.2.1.1
each of the live supply conductors.

Note: In a TN-S or TN-C-S system, it is not necessary to isolate or switch
the neutral conductor where it is regarded as being reliably connected to earth
by suitably low impedance.

3.10.19 Protective and neutral (PEN) conductors

PEN conductors may only be used within an installation =~ WR-543.4.1
where the installation is supplied by a privately owned and 543.4.2
transformer or converter in such a way that there is no

metallic connection (except for the earthing connection)

with the distributor’s network.

The PEN conductor shall be connected to the terminals  WR-543.4.9
or bar intended for the protective earthing conductor
and the neutral conductor.
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3.10.20 Protective bonding conductors (PME)

Except where protective multiple earthing (PME) WR-544.1.1
conditions apply, a main protective bonding conductor

shall have a cross-sectional area not less than half the

cross-sectional area required for the earthing conductor

of the installation and not less than 6 mm?.

Where supplementary bonding is to be applied to a fixed WR-544.2.5
appliance (which is supplied via a short length of flexible

cord from an adjacent connection unit or other accessory,

incorporating a flex outlet) the circuit protective conductor

within the flexible cord shall be deemed to provide the

supplementary bonding connection to the exposed

conductive parts of the appliance, from the earthing

terminal in the connection unit or other accessory.

3.10.21 Protective conductors

Where the protective conductor is formed by conduit, WR-543.2.7
trunking, ducting or the metal sheath and/or armour of

a cable, the earthing terminal of each accessory shall be

connected by a separate protective conductor to an

earthing terminal incorporated in the associated box or

other enclosure.

Except where the circuit protective conductor is formed WR-543.2.9
by a metal covering or enclosure containing all of the

conductors of the ring, the circuit protective conductor

of every ring final circuit shall also be run in the form

of a ring having both ends connected to the earthing

terminal at the origin of the circuit.

A switching device shall not be inserted in a protective =~ WR-543.3.4
conductor unless:

e the switch has been inserted in the connection between
the neutral point and the means of earthing; and

e the switch<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>