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Foreword by Giuliano Digilio

Head of Technical Services, Electrical Contractors’ Association (ECA)

The IEE Wiring Regulations and more lately BS 7671 have always been important
for electrical contractors and for installation designers, and they are a key factor in
the implementation of electrical safety within the UK and indeed overseas. The
IEE Wiring Regulations go back to the end of the 19th century, almost to the time
of the very first electrical installation within the UK.

The ECA is fully committed to the development of standards for the national BS
7671 committee as well as corresponding work in both the European Committee
for Electrotechnical Standardisation (CENELEC) and the International
Electrotechnical Commission (IEC). This includes a considerable amount of work
in the preparation for BS7671: 2008.

I am pleased that you have purchased the ECA Guide to the Wiring Regulations
and I trust that this quality publication will aid to enhance the understanding
and knowledge within the electrical industry for both electrical contractors and
electrical designers.

- . T
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Preface

This book discusses the requirements of BS 7671: 2008, also known as the IEE
Wiring Regulations 17th Edition, published during January 2008.

The aim of the guide is to provide an explanation of the theory and reasons
behind the Regulations, their meaning and the intent of their drafting. The book
provides advice and guidance, demystifying the ‘requirements’ wherever possible.
Practical and original solutions have been provided, which are often not found in
other industry guidance.

The guide is a valuable resource for all users of BS 7671 including apprentices,
electricians who perhaps want to ‘dig a bit deeper’ into the background of the
Regulations, together with electrical technicians, installation engineers and design
engineers. Most individuals who have any involvement with BS 7671 will find the
book of considerable help and benefit in their everyday work.

To derive use and benefit from the book it is assumed that readers have knowledge
of electrical installation engineering to a basic level. However, ‘defined scope’
installers and those at similar levels will also gain from working through the book
thanks to its clear diagrams. Given these prerequisites, the book can be used as
a learning text for the 17th Edition Wiring Regulations as long as readers have
a copy of the Standard itself. Indeed, a copy of BS 7671: 2008 is required as a
reference document when using this book, and readers should at least familiarize
themselves with the terminology and definitions used in the basic Standard.

Guude to the Wiring Regulations is intended to be read on a chapter-by-chapter basis
by those involved at the level of designing and constructing installations. This is
something that is not easy to achieve with books on this subject as accessing the
basic Standard itself can be quite daunting and heavy going,

- . ——




Preface

A particular emphasis or expansion has been made to those subjects that are often
confused by readers of BS 7671. In this respect the text does not wander off to
discuss ancillary subjects; the text stays focused on providing an understanding of
those concepts demanded of BS 7671 so that design and installation decisions can
be made by readers.

The book’s coverage is comprehensive, and all Parts of the Regulations have been
addressed within the topic lead chapters. Design aspects have been included as
they are integral to installations. Often, individuals or organizations consider
themselves to be either pure designers or pure installers. However, even by the
act of an ‘installer’ in selecting equipment that was unspecified by the designer,
e.g. selecting cables or other equipment, an element of design is being carried
out. The same concept is true of domestic installers who select ‘standard designs’
but perhaps feel that they do not design. These individuals are considered to
be designers even where the design is not calculated for each installation. The
adoption of a ‘standard design’ or a ‘standard cable size’ by the installer is in fact
design by the installer.

The book is arranged into topic lead chapters, at the heart of which are Chapters
C (Circuitry) and D (Selection and Erection of Equipment). Although the titles of
these chapters seem simple enough, they are comprehensive and encompass about
70% of the Regulations.

Most requirements of the Regulations have been condensed and summarized
using tables aided by clear, simple diagrams. Some tables seem quite long but they
are still very condensed compared with the regulations that they summarize. As an
example, the new Section 559 in BS 7671 includes 44 regulations, but these are
summarized in a 15-row table. The nature of the Regulations is that they must
state all facts. However, the repetition of the most basic information in the guide
was not considered beneficial; for example, where the regulation is written in the
following style:

‘cables shall be large enough for the anticipated current’

This type of regulation is either not expanded upon in the guide or it is explained
as follows:

‘cables shall be 6 mm?* minimum’.
The book includes five printed appendices and further appendices are available as

downloads from the companion website. Appendices that have been included on
the Companion Website were either considered to be non-essential for most readers,
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or were items that may be subject to change at a future date. The Companion
Website can be found at: http://www.wiley.com/go/eca_wiringregulations

Althoughmore experiencedreadersmaywish tojump to Chapter C, the introductory
Chapters A and B are worth spending some time on. Within these chapters, the
legal standing of BS 7671: 2008 is discussed together with its relationship with
key UK law in the area of electrical installations. The general requirements of BS
7671: 2008 are also summarized within these chapters.
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BS 7671: 2008 — Introduction and Overview

@ Introduction to BS 7671: 2008

BS 7671: 2008 was published during January 2008
as a significant new Edition of this fundamental

Standard.

Although the document is a British Standard, it is
also known as (and jointly labelled as) the IEE Wiring
Regulations 17th Edition; this is for copyright reasons.
In spite of the fact that the IEE changed to the IET
in 2006, the IET has maintained the brand of IEE,
mainly for use in its Wiring Regulations documents
and products. Indeed, the IEE logo appears on the
front cover and the IET logo inside the front cover.

Throughout this book, BS 7671: 2008 is referred to
asBS7671:2008, or variously as BS 7671, the Wiring
Regulations, the Regulations, the 17th edition or the
Standard, depending upon the particular context.

In essence, BS 7671: 2008 is virtually a European
document. In fact, two parent documents as parts
of the corresponding IEC standard have been used
or adapted.

Guude to the Wiring Regulations: 17th Edition IEE Wiring Regulations (BS 7671: 2008)

Darrell Locke
© 2008 John Wiley & Sons Ltd
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STANDARDS BODY STANDARD (INSTALLATION)
VYI(E)gd > IEC 60364
Y Y
European
CENELEC [ 7 HD 60384
\ Y
National )
Phosetybiys — | BS7671: 2008

Figure A 1.1 Installation standards at world, European and national levels.

Both IEC and CENELEC have ‘wiring regulation’ standards or rules for electrical
installations. The general structure of IEC, CENELEC and BS 7671 is illustrated
in Figure A 1.1.

Many parts of the document originate in CENELEC in a ‘harmonized document’
(HD). The parent document is known as HD 60384 and comprises virtually all
parts of the installation standard.

Within BS 7671: 2008 there are now only a few regulations that are truly ‘UK
only’, although some of the CENELEC parts of HD 60384 have been modified,
cut or expanded for BS 7671. Some of the appendices of BS 7671 are home-
grown.

The Wiring Regulations committee has also used certain parts of the corresponding
IEC document (IEC 60364) modified or virtually unmodified.

Alist of the parts of the corresponding CENELEC parts of HD 60384 used in BS
7671: 2008 is shown in Table A 1.1.
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Table A 1.1 Corresponding parts of CENELEC HD 60384 used in BS 7671: 2008.

CENELEC part Issue | Title BS 7671
date reference

prHD 60364—1 2007 Fundamental principles, assessment of general characteristics, Part 1, Part 2
definitions (in part), Part 3
HD 384.4.41 S2/A1 2002 Protection against electric shock Chapter 41
HD 384.4.42 S1 A2 1994  Protection against thermal effects Chapter 42
HD 384.4.482 S1 1997  Protection against fire where particular risks or danger exist Chapter 42
HD 384.4.43 S2 2001  Protection against overcurrent Chapter 43
HD 384.4.473 A1 1980  Application of measures for protection against overcurrent Chapter 43
HD 384.4.443 S 2000 Protection against overvoltages Section 443
prHD 60364-5-51 2003  Selection and erection of equipment — common rules Chapter 51
HD 384.4.43 S2 2001  Protection against overcurrent Chapter 53
prHD 60364-5-54 2004  Earthing arrangements, protective conductors and Chapter 54
protective bonding conductors
HD 384.7.714 S 2000  Outdoor lighting installations Section 559
HD 60364-7-715 2005 Extra-low voltage lighting installations Section 559
HD 384.6.61 S2 2003 Initial verification Part 6,
Appendix 14
HD 60364-7-701 2007  Locations containing a bath or shower Section 701
HD 384.7.702 S2 2002  Swimming pools and other basins Section 702
HD 384.7.703 2005 Rooms and cabins containing sauna heaters Section 703
HD 60364-7-704 2007  Construction and demolition site installations Section 704
HD 60364-7-705 2007  Agricultural and horticultural premises Section 705
HD 60364-7-706 2007  Conducting locations with restricted movement Section 706
HD 384.7.708 2005 Caravan parks, camping parks and similar locations Section 708
prHD 60364-7-709 2007  Marinas and similar locations Section 709
HD 384.7.711 2008  Exhibitions, shows and stands Section 711
HD 60364-7-712 2005  Solar photovoltaic (PV) power supply systems Section 712
HD 60364-7-715 2005 Extra-low voltage lighting installations Section 559
HD 60364-7-717 2004  Mobile or transportable units Section 717
prHD 60364-7-721 200X  Electrical installations in caravans and motor caravans Section 721
prHD 60364-7-740 2006  Temporary electrical installations for structures, amusement Section 740

devices and booths at fairgrounds, amusement parks and circuses
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Plan and layout of BS 7671: 2008

Most users will not need to concern themselves with the correct terminology for
groups of regulations and chapters etc., but an explanation of this has been added
for completeness.

Let uslook at a single Regulation 411.3.2.1 and provide a diagram of the structure.
Taking the first three digits, these relate as follows:

— Part 4

tl}ll —— > Section 411

~—— Chapter 41

The remaining numbers make up the group, sub-set and regulation, but really only
the group is of any significance:

Group

/ )R/egulation
i

Sub-set

411

There are seven parts to BS 7671: 2008 as follows:

Scope, Object and Fundamental Principles

—

Definitions

Assessment of General Characteristics
Protection for Safety

Selection and Erection of Equipment

Inspection and Testing

N o o A WD

Special Installation or Locations

MR S 4 Y
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Overview of major changes

There is not much of the document which remains unchanged compared with
the 16th Edition; many changes were due to formal incorporation of CENELEC
drafts required to achieve harmonization.

This section gives an overview of technical changes that will manifest a change in
practice or will be something that you should be aware of. As stated in the preface
the subject of BS 7671 can be heavy going and this part of the book has been kept
as short as possible. Readers may wish to skip this part of the book and start with
the two key chapters, C and D.

The following overview notes have been included, and are listed in what is
considered to be an ‘order of significance’.

Chapter 41 Protection against electric shock
Revision of Chapter 41 is probably the most significant revision made for the 17th
Edition.

The whole structure of the chapter has been modified. The familiar terms used in
the 16th Edition of ‘direct contact’ and ‘indirect contact’ have been replaced with
‘basic protection’ and ‘fault protection’ respectively. This terminology change by
itself had ramifications in many other parts of the Regulations and these brought
about logistical modifications. The various measures are termed ‘protective
measures’.

The structure of Chapter 41 was accordingly modified. Basic protection (insulation
and enclosures) was considered something that designers and installers did not
actually ‘consider’ and was shunted towards the rear of the chapter. The extremely
rare measures of ‘placing out of reach’; ‘obstacles’, ‘non-conducting location’,
‘earth-free local equipotential bonding” and ‘electrical separation’ were shunted
further to the rear of the chapter. Thus, the main reading in the front end of
Chapter 41 is about automatic disconnection.

There have been changes to disconnection times. There are no ‘mixed’
disconnection times and disconnection times have been introduced for T'T
nstallations. As protection in T'T installations will virtually always require an
RCD, the reduced disconnection times in the 17th Edition are easily achieved
(0.2 for final circuits).

A very significant new Regulation (411.3.3) requires a 30mA RCD for socket-outlet
circuits that are intended for use by ordinary persons. With a few exceptions, this




Guide to the Wiring Regulations

No Basic Protection With Basic Protection
(Enclosure)

No Basic Protection With Fault Protection
L
N
€L

Figure A 3.1 Basic protection and fault protection.

means all domestic installations. Commercial installations will generally remain
exempt, as in most such situations individuals will have received instruction.

Guidance on the structure, disconnection times and the use of RCDs is given in
Chapter C of this book.

Bathrooms 701
The 17th Edition goes the extra mile on harmonization with CENELEC for
bathroom installations.
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The 16th Edition introduced the concept of ‘“Zones’ to the regulations for
bathrooms but fell short of harmonization with Europe in one key area: socket
outlets in bathrooms.

Section 701 now aligns with the European ethos; there is no Zone 3. Thus, outside
Zone 2, which is 600mm from the bath or shower, only the ‘general rules’ of the
regulations apply and any equipment is allowed, although socket outlets have a
special distance specified and must be at least 3m from the boundary of Zone 1.

All bathroom circuits now require a 30 mA RCD and a UK modification negates
the need for supplementary bonding,

Tables and methods of cable current-carrying capacity
(Appendix 4 of BS 7671)
The whole of the front end of this appendix has been modified for the 17th Edition.

The modifications include the following:

® Overhaul of the installation methods and reference installation methods.

@ New installation methods for cables in domestic style insulated cavity floors and
lofts.

@ ‘Rating’ factors for cables buried in the ground.

@ Extensive additional rating factors for cables in free air (called correction factors
in the 16th Edition).

Swimming pools (702)

For the 17th Edition, the scope of section 702 now includes the basins of fountains
and areas in natural waters including the sea and lakes, where they are specifically
designated as swimming areas.

Lighting and luminaires
Acompletelynewsectionforthe 17th Editionissection 559 ‘Luminairesand Lighting
Installations’, which totals six pages of text and some 44 new regulations.

The new section deals with interior and exterior lighting installations and also
applies to highway power supplies and street furniture.

The section specifies such regulations as: ‘luminaire through wiring can only be
used where the luminaire is specifically designed for this’, ‘heat specification of
terminal wiring’, and others of a similar nature.
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Inspection and testing
Under this heading a new requirement is that the insulation resistance of conductors
is tested to the cpc with the cpc connected to the earthing arrangement.

New appendix with current-carrying capacity of busbars
A new appendix has been added giving information on current-carrying capacity
and voltage drop of busbars and powertrack.

Chapter 56 Safety services

This chapter has been modified and specifies ‘break times’ for standby systems.
It sets regulations for such subjects as circuitry under fault conditions, parallel
operation, and specifies the life of certain critical back-up batteries.

High earth leakage currents

Correctly termed ‘high protective conductor currents’. The former section 607
has been incorporated into Chapter 54 with some limited removal of ambiguous
regulations.

High voltage to low voltage faults

A new section for the 17th Edition, but this not particularly significant for installers
or designers. The section is only relevant for “private’ HV-LV substations, and even
then the corresponding HV standards will need to be followed. Read Chapter D
for a fuller explanation.

Voltage drop

Whilst in essence the basic requirements of the regulations on voltage drop have
not changed, a new appendix suggests maximum voltage drops for both utility
and private supplies. These voltage drops are separated into suggested limits for
lighting and other circuits.

Atmospheric and switching overvoltages
There are a few pages of regulations on this subject, but there is not much of
significance unless you have overhead distribution cables within your installation.

Surge protective devices
Although not required, there are regulations for installing surge protective devices
(SPDs).

Insulation monitoring devices (IMDs) and residual current monitors

(RCMs)

Similarly, although optional, there are regulations for installing these devices.

V=
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RCMs in particular are becoming more widely specified, and there is guidance on
this subject provided in Chapter D of this book.

Caravan and camping parks (708)

The main modification for the 17th Edition is that pitch socket-outlets are to be
individually protected by a 30mA RCD.

New special installations or locations
The following Special Installations sections are new to the 17th Edition:

@ 709 Marinas

@ 711 Exhibitions, shows and stands

@ 712 Solar photovoltaic (PV) power supply systems

@ 717 Mobile or transportable units

@ 721 Electrical installations in caravans and motor caravans

® 740 Temporary electrical installations for structures, amusements and booths
at fairgrounds

@® 753 Floor and ceiling heating systems.
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Legal Relationship and General
Requirements of BS 7671: 2008

Introduction

It is important to recognize that, for electrical designers and installers, there are
legal responsibilities that must be both known and implemented whilst carrying out
electrical installation or electrical design work. This chapter provides information
and guidance onkey UK legislation relevant to electrical installations. It also provides
guidance on some contractual obligations relating to designs and installations.

The chapter is neither a full legal guide nor a full contractual guide to requirements
but provides a short overview.

The chapter finishes with notes on the assessment of general characteristics (i.e.
Part 3 of BS 7671: 2008).

Legal requirements and relationship

Key UK legislation

Legislation can be in the form of an Act of Parliament (e.g. The Health & Safety
at Work etc. Act 1974) or a Statutory Instrument (e.g. The Electricity at Work
Regulations 1989). Acts are primary legislation and Statutory Instruments are
secondary legislation made under a specific Act — in the case of the Electricity at
Work Regulations, these were made under the Health & Safety at Work Act. Failing
to comply with requirements of an Act of Parliament or a Statutory Instrument is
a breach of criminal law and may result in a prosecution.
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The following legislation is considered key and relevant to the electrical technical
aspects of electrical designs and electrical installations:

® The Electricity at Work Regulations 1989

@ The Electricity Safety, Quality and Continuity Regulations 2000 (as amended
2006)

® The Electricity Act 1984

@ The Building Acts 1984 & 2000 (These apply to England and Wales only and
implement the Building Regulations for England and Wales including Approved
Document Part P (Electrical Safety — Dwellings).

® The Building (Scotland) Act 2003 (This applies in Scotland only and implements
the Building (Scotland) Regulations 2004-.

@ The Electromagnetic Compatibility Regulations 2006

® Tort

The Electricity at Work Regulations 1989 (EWR 1989)

The EWR 1989 is one of the most important pieces of legislation that an electrical
designer or electrical contractor must be familiar with. You should know the content
of this document as well as know of its existence.

The EWR 1989 covers the safety of people, including employees, involved in
all aspects of electrical and electronic systems in the UK. This includes self-
employed electricians working in domestic installations; all ‘electrical personnel’
in commercial installations and construction sites; and for commercial installations
the end users. It also includes any person undertaking any work activity on or near
electrical equipment.

All electrical equipment and systems are encompassed by the legislation, from a
battery to the national super grid at 400 kV. The legislation covers design, operation,
1solation, maintenance, workspace and lighting equipment. There are Regulations
on precautions for working on equipment made dead and on work on, or near,
live conductors. There are also requirements for persons undertaking work to be
competent to prevent danger and injury.

Compliance with EWR 1989 is therefore a fundamental requirement for any
organization, and it is recommended that organizations have in place a system of
training to ensure compliance with the Regulations. Guidance on EWR 1989 is
available from the Health & Safety Executive (publication HSR 25 — Memorandum of
guidance on the Electricity at Work Regulations 1989). Itisrecommended that organizations
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purchase this and implement the guidance provided; it contains the text of the
Act as well as HSE guidance on how to achieve the statutory requirements. The
document details and availability are as follows:

HSE’s ‘Memorandum of Guidance on the Electricity at Work Regulations 1989 — HSR 25°
ISBN 9780717662289
(50 pages, available from HSE Books and s referenced HSR2))

As well as having a copy of HSR 25, organizations must provide adequate training
for all staff that work on or near electrical installations.

To supplement this, a dead working policy should ideally be formalized together
with a live working policy for those contractors that carry out live work.

In respect of the ‘making dead or live” working aspects of EWR 1989, the following
document is also very useful, if not essential.

HSG 85 Electricity at Work — Safe Working Practices
ISBN 0717621642

This document expands upon detail of policy and procedures for safe working
practices for people who work on or near electrical equipment. It includes guidance
on the following:

@ assessing safe working practices;

® deciding to work dead or live;

@ actions common to both dead and live working;
@ working dead; and

@ working live.

The Electricity Safety, Quality and Continuity Regulations 2002
(as amended)

These statutory Regulations are primarily intended for distribution network
operators (DNOs), setting statutory limits for voltage and frequency.

The Regulations state that PME supplies cannot be used to supply installations
supplying caravans or boats. Also, DNOs can take the option not to provide an
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earth to installations that they feel are inappropriate. This will possibly be the case
on some farms, building sites and petrol filling stations.

Tor all installations, DNOs will have to take a view on the safety of an installation
and will use BS 7671: 2008 for this. If the DNO feels that an installation is unsafe,
they can refuse to provide a supply or, if connected, disconnect the supply.

B 1.4 The Electricity Act 1984 (as amended)

This Act 1s primarily aimed at distribution network operators and (more recently)
meter operators. However, there is a relevant point for installation designers and
contractors to note: the Act gives the DNO or meter operator the right to position
intakes where they see fit and where they feel appropriate for a given installation.

B 1.5 The Building Act 1984, The Building Regulations and Part P

The Building Act 1984 refers only to England and Wales. This book does not
cover all the technical requirements relating to the Building Regulations. There are

numerous guides and books on this subject including one produced by the ECA
and the NICEIC.

However, Part P of the Building Regulations, on the subject of electrical safety
within dwellings, is summarized in this section.

Legal standing of Part P

The Building Regulations are made under the main Act of Parliament, the
Building Act 1984. The Building Act is the primary legislation and itself refers to
the Building Regulations 2000 with its various Parts on structure, means of escape,
spread of fire, ventilation, heat loss and, of course, electrical safety.

The Building Regulations 2000 are statutory and a breach of the Regulations in
itself is an offence under criminal law.

As mentioned earlier, statutory instruments such as the Building Regulations must
be complied with, otherwise a breach may result in a prosecution.

Tor guidance, and to specify a recognized way of complying with the individual
parts of the Building Regulations, the CLG (Communities for Local Government)
produces Approved Documents’ on each part of the Building Regulations. It is
important to recognize that the Approved Documents themselves are not statutory.
This is demonstrated in Figure B 1.1.

NERRL 141
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DOCUMENT LEGAL
STANDING

Statutory Act ——  The Building Act 1984 |——  Legal Act

Y
Statutory Instruments:
The Statutory | The Building Effectively
Instruments Regulations 2000 and legal
amendments

Y

Building Requlati ODPM/ CLG
Guidance ~ —— uiiding Reguiations ——  Guidance
Approved Documents

Figure B 1.1 Relationship of Building Act, Statutory Instruments and Approved Documents.

The wording of the ‘Statutory Instrument’ and hence the legal requirement of
Part P is given in Table B 1.1.

Table B 1.1 Statutory Instrument relating to Part P of the Building Regulations.

PART P ELECTRICAL SAFETY

Design, installation, inspection and testing

P1 Reasonable provision shall be made in the The requirements of this Part apply only to
design, installation, inspection and testing of electrical installations that are intended to operate
electrical installations in order to protect persons at low or extra-low voltage and are in a dwelling;
from fire or injury. in the common parts of a building serving one or
more dwellings, but excluding power supplies to
Provision of information lifts; in a building that receives its electricity from

P2 Sufficient information shall be provided so that  a source located within or shared with a dwelling;
persons wishing to operate, maintain or alter an and in a garden or in or on land associated with
electrical installation can do so with reasonable a building where the electricity is from a source
safety. located within or shared with a dwelling.
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The Electromagnetic Compatibility Regulations 2005 (EMC)

Information on EMC and duties under the EMC directive and BS 7671: 2008 are
provided in Chapter D section D 4.

Tort and negligence

This section 1s included, not to scare, but to provide information on this ‘common
law’ duty.

Tort

The English legal system recognizes two forms of ‘wrongs’. The first is what we
call ‘criminal’ and may be punished by a fine, imprisonment or both. Commonly
we think of murder, but this act stemmed from an infringement of society’s moral
code, i.e. it was morally wrong to deprive someone of their life. These moral codes
were identified and legislated for, initially by the overlords, then monarchs, and
ultimately by Parliament. The Health & Safety at Work etc. Act 1974 is Parliament-
enacted law and, as such, creates a criminal obligation upon any transgressor.

The second is called ‘civil’ or ‘common’ law, colloquially known as ‘judge-made
law’ because the rules and principles have been created in the courts of the land,
enshrined by what is termed ‘the law of precedent’; that is, unless overturned by
a superior court, the ruling establishes the law and binds judges in any subsequent
cases. The civil law is concerned with providing restitution of rights, obligations or
finances in the event of some form of dispute, termed a breach.

Civil law governs both the circumstances where there is an intention to form a
relationship, by creation of a legally binding agreement — we call this the law of
contract — and where a relationship may exist but where no contract is present,
which we call the law of torts. Tort may thus be considered liability where there
1s no contract.

Torts include negligence, nuisance, defamation and trespass, to name but a few.
It is possible to owe a duty in both tort and criminal law. However, if an action is
successfully pursued in a criminal court, the ‘beyond reasonable doubt’ burden of
proof being considerably higher than the civil determination of ‘viewed against
the balance of probabilities’, means that the civil liability is taken as having been
established. It is the function of the criminal compensation board to establish the
level of civil damages due to a ‘common’ infringement of rights, having established
a criminal liability.
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In tort there is a need to establish a relationship. The landmark case is Donoghue
v Stevenson (1932), wherein a friend of Donoghue purchased for her a bottle
of ginger beer, found to contain a partially decomposed snail. Donoghue then
successfully established that the manufacturer owed her a ‘duty of care’ under
the tort of negligence, and hence was in a relationship, even though ‘she” had no
direct contractual relationship with the manufacturer of her own. This ‘neighbour’
principle is important as it establishes whether a duty of care is owed or not.
The question follows: Who is my neighbour? Well, the answer is anyone who it is
foreseeable to be likely to be affected by your actions.

You can see that liability in tort is therefore very wide, and the rules governing
its implementation are extremely complex. Seventy years on, the courts are still
grappling with the principles and extent of this law.

To some extent this is why ‘collateral warranties’ are called for, because rather
than rely on the tort of negligence, parties in a collateral warranty agreement can
instead sue for a breach of contract. The level of damages may be similar or higher
and it is easier to prove a breach under contract law. We ignore ‘pure economic
loss” and the newly enacted Rights of Third Parties Act.

Negligence

If you negligently design a system or provide a service, and as a result it causes
death or personal injury, or causes damage to other property, then you can be
held liable for these losses under the tort of negligence. Making a mistake, or
getting something wrong, is not being negligent. Being negligent is where you
are found to have performed at a level less than would have been expected by a
‘reasonable man’ whilst undertaking a task, where you had held yourself out as
being competent to undertake that task. Thus, if you hold yourself out as being
competent to design a lighting system, offer advice concerning that system, and
others rely on that advice and install what is subsequently found to be deficient, then
irrespective of payment, you may still be held financially liable. It is for this reason
that services designers and contractors are strongly advised to insure themselves
with professional indemnity insurance.

The role of Standards

Definition of Standards

Standards, including international, European and British Standards, are documents
to bring about simplification, interchangeability, terminology, methodology,
specification or codified practice.

LT /- =7
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A Standard is defined as:

‘A document established by consumers and approved by arecognized body that
provides for common and repeated use, rules, guidelines or characterization
for activities or their results, aimed at the achievement of the optimum degree
in a given context.’

(This was taken from IEC Guide 2, 1996)

Standards are (or should be) written by industry by consensus where consensus is
defined as:

‘General agreement, characterized by the absence of sustained opposition or
substantial opposition by any important part of the concerned interests and
by a process that involves secking to take into account the views of all parties
concerned and to reconcile any conflicting arguments.’

Legal standing of Standards

Standards are described or implicated by statute. Standards are voluntary codes
of rules, and are not law nor are they legally enforceable. Indeed, individuals may
take a view to ignore a particular standard. However, some standards are boosted
to an elevated status by being referred to either directly or indirectly in statutes.
Depending upon the wording, this can make the standards themselves have a quasi-
legal status. Again, though, there is a caveat. A good way to explain this further is
to look at how BS 7671 is referred to in some legal documents.

BS 7671 and the Electricity at Work Regulations 1989 (EWR)
It is important to recognize that the wording of the EWR makes no mention of BS
7671. The HSE’s Memorandum of Guidance (HSR 25) states that:

‘BS7671 1s a code of practice which is widely recognized and accepted in
the UK and compliance with it is likely to achieve compliance with relevant
aspects of the 1989 (EWR) Regulations.’

BS 7671: 2001 in Part P of the Building Regulations 2000

In a similar fashion, BS 7671 is not mentioned in the primary legislation, which
simply states that ‘the installation shall be designed and installed in order to protect
persons from fire or injury’.

It is Approved Document P (which itself is guidance) that mentions BS 7671.

This states ‘In the Secretary of State’s view, the (Part P) requirements will be met
by adherence to the ‘Fundamental Principles’ for achieving safety given in BS

NERRS 15 Y
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7671: 2001 Chapter 13°. This will need updating to read correctly for BS 7671:
2008.

Standards implied or prescribed by contract
Standards are often prescribed by a contract on a definite item (stated) or by a general
contract term similar to ‘shall comply with all relevant codes and standards’.

Assuming the standard is relevant or if it is listed, then compliance with the
Standard becomes binding under the UK law of contract.

Part 3 of BS 7671: 2008 — assessment of general
characteristics

Part 3 of BS 7671, totalling only four pages, sets requirements for an overall assessment
of an electrical installation. It is intended that the requirements of Part 3 be considered
prior to the design of an installation in compliance with other Parts of BS 7671. This
works for some of the regulations in Part 3, but some are really repetitive of the general
requirements given in Parts 4 or 5.

The requirements are summarized in Table B 3.1 in just five paragraphs. The
regulation numbers have been omitted here for clarity and due to the fact that the
requirements are so general.

Table B 3.1 Requirements of Part 3 of BS 7671: 2008.

Requirement of Regulations Notes and advice

The installation shall be assessed for purpose, external
influence, compatibility, maintainability, continuity of
service and recognized safety services

The characteristics of voltage, current, frequency, This can be done by inspection, by enquiry, measurement,
prospective fault current, earth fault loop impedance calculation and applies to all sources of supply. Safety

(ELI), maximum demand and protective device at the supplies shall be assessed separately and the requirements
origin shall be determined of these are in Chapter 56 of BS 7671; see Chapter D

Installations shall be suitably divided up to avoid These requirements are discussed with recommendations
danger, minimize inconvenience in the event of a fault, = made in Chapter C

reduce the possibility of unwanted tripping of RCDs,

mitigate the effects of electromagnetic interference,

and ensure effective isolation

Continuity of supply for the intended use and life of the

installation shall be considered

Final circuits shall be connected to separate protective
devices at distribution boards

Compatibility and EMC shall be considered See Chapters C and D
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Circuitry and Related Parts of
BS 7671: 2008

Introduction

This chapter provides information and guidance on circuitry aspects of BS 7671:
2008 and includes a significant amount of regulations associated with circuits.
For example, ‘protection against electric shock” aspects are included. Like other
chapters, the structure is topic led and can be read in page order. The chapter
guides you through what you need to design and install circuits to BS 7671: 2008
and applies to significantly large installations. It does not cater for very large
or complex installations with, for example, interconnecting busbars, and such
complexity is outside the scope of this book.

There is a certain amount of overlap with Chapter D, and these two chapters
should both be read prior to undertaking design or installation.

Lastly, in this chapter, unlike other chapters, there are not numerous references to
individual regulation numbers. This is due to the fact that most of the circuitry
aspects are covered by relatively few regulations in BS 7671: 2008, the importance of
which cannot be overstated. Extensive background knowledge and understanding
is required to comply with these regulations and this chapter guides readers through
all relevant aspects needed.
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Design procedure overview

The procedure of carrying out an electrical system design of an installation can
be quite involved and often a number of drafts and subsequent adjustments are
necessary. The following flow diagram shows the logical order of steps in the
design process.

Identify and quantify loads

Visualise, sketch system
and consider physical
position of main
switchgear, risers etc

Final circuit design using Maximum
‘nominal’ parameters for demand
volt drop

Design and size protection of
conductors of sub-mains check
discrimination with final
circuits if necessary

Design and size protection of
conductors of main switchgear
and co-ordinate with size
of incoming supply

By studying this flow chart it should be obvious that a certain number of iterations
with adjustments will be required, as a system is rarely designed without a certain
amount of to and fro.
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The contents of this chapter will need full consideration and, when carrying out a
design in practice, adjustments will be necessary at various stages of the process.

Discrimination between all upstream and downstream protective devices may be
required for convenience or continuity of supply to essential equipment, but this
may make the electrical system over-designed (much too large for its designed use)
and thus carry a cost burden (see C 6.1).

To provide for a cost-effective and efficient design it helps if the main incoming
supply point is close to the load centre of the installation, and hence discussions
with the electricity distributor should be started at an early stage.

Itisnotessential that the main distribution board(s) are positioned close to the intake
point, and their position has an effect on voltage drop on the whole installation
including the submain cables.

This point of “positioning’ is also true of final circuit distribution boards which
need to be carefully considered in terms of voltage drop in large installations with
highly loaded final circuits. The concept of how to achieve this will become clearer
when this chapter has been read.

Load assessment

Principles and definitions

The subject of load assessment often comes down to experience, and there is no
substitute for this.

Many installations have major identifiable loads. In commercial premises these
usually include air-conditioning with chillers, heater banks, compressors and
motors of all types as well as lifts, lighting and user ‘final” equipment loads usually
served by socket outlets.

A ‘newer’ load is the electrical supply to ‘data storage’ facilities (data centres).
Although beyond the scope of this book, data centres require vast amounts of
power, but between a large purpose-built data centre and an installation with a few
PCs there are installations with small and medium data storage or server rooms.
These have notable electrical power and cooling loads, and these loads should be
considered.
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Interestingly on this subject, whilst traditional loads such as lighting have become
more efficient, overall supply demand has increased due to computing and data
processing loads.

So, how is an installation’s electrical load quantified and estimated?

Firstly, it is important to clarify the terms used, as some of these are not defined
in BS 7671.

Connected load
Connected load (or total connected load) is taken to be the sum of all loads in the
installation.

Care is needed in specifying this load; diversity (See section C3.3) cannot be used
but duty cycle (cyclic load) considerations may need to be included.

Duty cycle

For a device or piece of equipment used intermittently, this is the cycle of starting,
operating and stopping. Also included is the time interval that elapses during such
a cycle.

Alternatively expressed, for a device or piece of equipment used intermittently it
is the ratio of its operating time to its rest time, or to total time.

Crest factor
In a periodically varying function (such as that of a.c.) this is the ratio of the peak
amplitude to the RMS amplitude.

Some may know this definition as ‘load factor’, and is not the same as duty cycle.
Both terms are further explained with the aid of an example. This example would
be needed for cyclic loads (533.2.1) evaluation.

Consider an installation with two motors of the same type installed in different
applications. One motor is used in a supply air fan, the other in a passenger lift
application. Both motors have a 20kW motor with a full load running current of
35 amps and a starting current of 175A. The lift is in a busy, frequently visited
building, particularly busy between 9.00am and 9.30 am.
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Figure C 3.1 Starting and running currents of lift motor and fan motor between 9.00am and
9.30am.

The duty cycle and crest factor for both motors is shown in Figure C 3.1.

Figure C 3.1 shows that both motors have the same crest factor but very different
duty cycles. The fan’s duty cycle can be taken as unity (1) and its starting current
ignored in terms of heating effect on the supply switchgear and cables. The starting
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current of the lift motor, however, needs consideration, as there are 15 starting
occasions in 30min. If the starting time was 30s, the duty cycle would be

0.5%x15 _
30 - 0.25

indicating that the motor was in starting mode for 25% of its time. Irom this

information, the heating effect of the duty cycle can be calculated using the fact

that the heating effect is proportional to I?Rt. Thus, the equivalent continuous

current is

quivadent = V2R 1+ 1R 1, = V352 X 0.75 + 1757 X 0.25 = 93A

This result demonstrates the significance of duty cycle of the cyclic lift motor load
compared with the steady load of the fan. The lift motor supply would need to be
rated at 100 A, and the fan motor supply at 50 A (for the lift motor running current
of 35 A). It should be noted that in practice the lift motor starting current will not
be on for 30s, this figure being exaggerated to emphasize the point.

Maximum demand

Maximum demand (or maximum power demand) is the highest rate at which
power is consumed. Alternatively expressed, it is the highest average rate at which
electrical power is consumed.

In calculating the maximum demand in an installation, diversity can be applied
(311.1).

To apply these definitions to an installation still requires appropriate experience and
usually a lack of such experience leads to an overdesigned electrical distribution

system. The author has attended many installations with 500% or greater
overcapacity with all the client’s equipment connected and running.

Maximum demand assessment
Maximum demand is sometimes expressed as:
maximum demand (kVA) = connected load X diversity

Diversity is discussed in section C 3.3.
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There are two methods for calculating maximum demand, as follows:

® A summation of individual connected loads with application of diversity
factors.
® Comparison with table of ‘norms’ for similar installations.

In practice, a combination of these two methods is often utilized. For example,
major plant loads are calculated with duty cycle and diversity applied and this is
added to the ‘norm’ watts per square metre for general areas of the installation.

For assessment by adding individual loads there are nearly always differences
between the rated power expressed by the manufacturer, and the actual currents
drawn. This can be true despite checking catalogues and data sheets as well as rating
plates and this contributes to overdesign. More often than not, actual connected
loads are 50-70% of the quoted value.

The watts per square metre method can be used to produce an overall maximum
demand estimate, alongside information on known loads, or it can be used solely
to produce an estimate.

The watts per square metre method involves comparing the installation type
and size with a watts per square metre ‘normal’ table. Good in theory, but where
does the table come from? There have been limited central studies of this type of
‘norm’ in the UK, although consulting design firms and larger contractors collect
their own data. CIBSE (the Chartered Institution of Building Services Engineers)
does publish a certain amount of such data in its journal, but this information
is connected load and not actual running load. BSRIA (www.bsria.co.uk) also
publishes some guidance on this subject.

Table C 3.1 provides an assessment of load and would equate to the maximum
demand estimate.

The table can be used for generic designs while noting that it is an ‘average-norm’
table, and if you have significant loads not found in the average office the table will
be inaccurate. Medium-sized data centres are excluded from this table.
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Table C 3.1 Typical load assessment for commercial offices.

m Load no air-conditioning (W/m?) | Load with air-conditioning (W/m?)

Small office 70 120
Up to 2000 m?

Medium office 60 110
2000m? to 10000 m?

Large office 659 100
Over 10000 m?

Diversity
311.1

Diversity should be taken into account when assessing the maximum demand of
an installation (311.1).

Diversity is the engineering principle that in any given installation, some of the
connected loads will not be running at the same time instant as other loads. This
principle can be further broken down into two types of load as follows:

A Loads that, due to the law of averages, will not be on at the same time.
B Loads that, due to fact, will not be on at the same time.

Examples of type A include instantaneous electric showers in a multiple block of
flats, lift supplies in general and motors for building services. Examples of type B
include electrical heating loads and electrical cooling loads; obviously, while it is
possible to run both together, the fact is that they do not. There are many examples
of both types of load.

In attempting to make an assessment of diversity, there is no substitute for knowledge
and experience. The extent of knowledge and experience needed must match the
type of installation being assessed.

It should be recognized that diversity can be applied in a number of ways as
follows:

@ for items on a final circuit (except socket outlets);

@ between similar final circuits, i.e. assume one circuit is 100%, the other 0% or
x%:

@ between sub-distribution boards or submain cables; and

@ at each main distribution board.
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Table C 3.2 indicates some suggested diversity factors for average circumstances
and can only be used by those with suitable experience and knowledge of the type
of installation being assessed.

It should also be noted that many engineers, technicians and electricians are
inclined to significantly overestimate loadings — perhaps to play safe — and this
leads to an overdesigned electrical system. It is more skilful to produce an ample
design with capacity built-in, but which is not grossly overdesigned. An interesting
point to note here is the supply utility’s figures for domestic supplies; they use a
figure for domestic maximum demand of about 2kW as an average consumer
load. This figure says much about diversity when applied correctly.

It should be noted that Table C 3.2 may differ from other published data on the
subject; it 1s felt that Table C 3.2 is realistic, subject to the constraints given above
on experience.

Table C 3.2 Some suggested diversity factors.

Lighting in small office and similar, 0.7 0.6 with daylight control

up to 2000 m?

Lighting in medium office and similar, 0.8 0.7 with daylight control

2000m? to 10000 m?

Lighting in large office and similar, 0.85 0.7 with daylight control

over 10000 m?

Retail store lighting 0.9

Space heating in small office and similar, 0.8 Capacity of system and 24 hour cycle

up to 2000 m? to be considered for thermal capacity;
adjust as necessary

Space heating in medium office and 0.7 Capacity of system and 24 hour cycle

similar, 2000m? to 10000 m? to be considered for thermal capacity;
adjust as necessary

Space heating in large office and similar, 0.6 Capacity of system and 24 hour cycle

over 10000 m? to be considered for thermal capacity;

adjust as necessary

Socket outlets — all commercial general Use W/m? More appropriate to use the overall
purpose office, all sizes table figures in Table C 3.1
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Circuit design

Introduction

This section explains how to carry out cable sizing manually Modern cable
sizing software programs can be quite sophisticated and, for most projects, save
considerable time. However, as engineers you must know if the inputs you are
making, as well as the outputs that you are receiving, are correct.

In this section, the design procedure common to all circuits is considered. With

reference to BS 7671, there are four separate subject areas that will determine the
cable size as follows:

Thermal Capacity

Overload 43 under fault 43
Cable Size
Voltage Drop Disconnection
525 Time 41

These factors are considered and discussed in this chapter. Readers should note
that ultimately only one of these factors will, at any point and for a particular
circumstance, determine the cable size. Experience and some rules of thumb given
in this chapter may, for example, lead you to carry out a voltage drop check in
preference to one of the other sizing factors.

In order to visualize the cable sizing process, Figure C 4.1 provides a flow chart of
the process showing the order of stages.
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KEY
Book Reference
Select cable type Stage c1
and installation D5
method

Is overload protection required C 4.3.4
Yes

Calculate design current Ib C432

Select protective device rating C 4.3.1

EstablishCa C4.35 Establish Cg C434 Establish Ci & Cf where applicable C 4.3.5

Calculate It C4.33

Check Voltage drop  c4.5 Check size for short circuit C4.4 Check size for

disconnection times ca6

FINAL CABLE SIZE

Figure C 4.1 Cable sizing stage diagram.
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C4.2 Protection against overcurrent in general

Protection against overcurrent as defined in BS 7671: 2008 includes overload and
fault currents:

Overcurrent 43

Overload 433 Faults 434
Overcurrent Current in an abnormal or
in a sound circuit unintended path

It should be noted that an earth fault current in terms of BS 7671: 2008 is simply
known as a fault current; but this can cause confusion, and the term earth fault
current is used in this book. The earth fault current requirements specified in
Chapter 54 of BS 7671 are in essence the same as the short circuit requirements
specified in Chapter 43, and aspects of protective conductor sizing are therefore
included in this part of the book.

C 4.3 Overload protection

C 4.3.1 Fundamentals

There are circumstances where overload protection is not required — usually
where the continuity of the supply is critical compared with the implications of
not providing overload protection. These are discussed later.

For most circuits overload protection is required, and this protection should become
second nature to installation engineers.

A basic requirement given in 433.1 is that circuits should be arranged so that
small overloads for long durations are ‘unlikely to occur’. What is meant by small
overloads are those that will not be detected by the protective device. For MCBs
this would be somewhere between 1 and 1.45 of the rated current of the device
(see D 6.2).

Ve -\J N
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Problems arising from not complying with this regulation are rare (cables are
usually oversized) and only an error in obtaining an accurate current rating would
cause difficulties. Another fundamental requirement of 433.1.1 is that:

L <1 <1
where
1, is the design current of the circuit,
1 is the nominal current or current setting of the protective device,

1 is the current-carrying capacity of the conductor in the particular installation
conditions.

Pictorially represented this requirement is as follows:

IN e.g. 32A b
|Z e.g. 36A e.g. 28A
o 3> Y Y Y g
Protective cable Load
Device

Devices will operate if the current exceeds the fusing or tripping current Z, for a
time greater than the conventional fusing or tripping time. Fusing, non-fusing and
conventional times are given for common devices in Table C 4.1.

Table C 4.1 Fusing and non-fusing currents and conventional fusing times.

Device type Rated current Non-fusing or non- Fusing or tripping Conventional fusing or
1. (A) tripping current/, (A) current/, (A) tripping time (h)

MCBs to <63 1.131n 1.451,

BSEN 60898 263 1.131n 1.451,

BS 88 fuse <16 1.25] for 1h 161, 1
16</ <63 1.25/ for 1h 161, 1
63</,<160 1.251 for2h 161, 2
160</,<400  1.25/ for3h 161, 3
400 </, 1.25] for4 h 161, 4

BS 1361 5</,<45 151, 4
60 </, <100 151, 4
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Overcurrent devices will not operate if the overcurrent is of short duration (except
for circuit breakers where the overcurrent exceeds the instantaneous operating
current).

C 4.3.2 Design current /,

In order to determine a correct individual cable size it is important to obtain or
calculate an accurate circuit design current. This may not be critical for short or
lightly loaded circuits, but becomes critical when sizing heavily loaded circuits
with long cable runs of, say, over 75m. At longer circuit lengths, voltage drop
requirements can lead to cable sizes significantly larger than the base size. In
order to minimize this in calculations, an accurate design current /, can be key in
ensuring a good design.

The basic formulae to apply to obtain a design current are as follows:

. : _ kW
Single-phase equipment, /= VX pf x 1000 (amps),
_ kW
Three-phase, /| =BT X VX f % 1000 (amps),

where:
Vis the nominal phase voltage to earth, also denoted by U
Vis the line voltage, also denoted by U
pfis the power factor
1, is the line current in a three-phase system.
C 4.3.3 Installed cable sizing
While carrying out cable sizing to BS 7671, or indeed for cable sizing in general,
it helps to bear in mind the following principles:
@ An insulated cable size is only limited by its type of insulation.
@ Tor a given insulation, the rating depends upon both load current and the rate

of heat dissipated by the cable to its immediate environment.

The basic sizing principle is as follows:
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First select an appropriate protective rating, larger than the design current (step

1).

Next the initial, tabulated cable size () is obtained by using the protective device
rating and correcting for ambient temperature, grouping factor and, where
applicable, correction factors for thermal insulation and rewirable fuses (step 2).

I
L‘ngq

(Equation 1)
where:
1 is the tabulated current-carrying capacity from Appendix 4 of BS 7671

(' denotes a correction factor as follows:

€, is ambient temperature; see Appendix C Table 4B1 (cables in air) or
4B2/4B3 (cables in ground)

Cg 1s grouping; see Appendix C Table 4C1 to 4C5

C; is for conductors totally surrounded by thermal insulation. Although not
given in Appendix 4 this factor is 0.5 (523.6.6).

It should be noted that some 17th Edition tables include a certain amount of
thermal insulation and where these are used no further correction should be made.
For example, new Table 4D3, included due to ECA suggestion, includes thermal
insulation for cables in loft-roof spaces, and the C; correction should not be used
as it is already in the / value.

CC 1s for semi-enclosed fuses to BS 3036.

A cable with tabulated current-carrying capacity (7)) is then selected such to exceed
the 1 (step 3). The procedure can be depicted as in Figure C 4.2.
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Step 1- select
In>lb

Protective e
Devi
evice 6.0, 28A
/c
In e.g.32A Iz e.g.36A

Step 2
It > In

Step 3
1z from

“CacCgCicCc
e.g.36A

cable data
1z>1t

Figure C 4.2 Diagram of conductor size design method.

Current rating tables for some common cables are found in Appendix 2 of this
guide. Correction factors are discussed in sections C 4.3.4 and C 4.3.5.

On completion of obtaining an installed current rating for the relevant cable size, it
is then further checked for voltage drop, thermal withstand under fault conditions
and size for earth fault loop impedance. These are discussed later in the chapter.

As the factors for thermal insulation and fusing (semi-enclosed) are not used all that
often, Equation 1 becomes:

=" (Equation 2)

The various correction factors are now discussed.

C 4.3.4 Grouping factors

Firstly, caution has to be exercised when applying grouping factors; very large
cable sizes can result unless careful consideration of realistic design currents is
made before a grouping factor is applied.
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BS 7671: 2008 Appendix 4 includes revised information for grouping factors
calculations. A new table of grouping factors for buried cables has been added
(Table 4C2 reproduced below). Also new is a method for calculating the grouping
factor for circuits where cables are of different sizes, as follows:

po L
-1

where Fis the group rating factor and 7 is the number of circuits.

This formula will give a lower group factor than BS 7671 Tables 4C1 to 4C5 as
these tables assume that cables in the group are of the same size.

An overriding point to note before the grouping factor tables are given is the note
523.5in BS 7671, which states that where a cable is known to carry 30% or less of
its grouped rating, it can be ignored for the purposes of grouping. This is invaluable
and should be utilized for BS 7671: 2008 calculations.

The procedure for applying grouping factors is either to use the factor from BS
7671 Tables 4C1 to 4C2 or to use the following method:

Compare the formula:

1-C?
I = \/IHQ +0.481 7 (TL) (Equation 3)
with
_ 4 Edquation 4
= & (Equation 4)

o
S5

using the larger value. This method can only be used where the circuits within a
group are not expected to be simultaneously overloaded.

For circuits that are not fully loaded, the use of this (Equation 3) method produces
alower [ than the grouping factor method using tables 4C1 to 4G5 from BS 7671.
The procedures are summarized as:
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1.0 2

0.9 ’

0.8
’

0.7

Correction 0.6
Factor to be
applied to 0.5
In

Ca Cg 0.4 /,
Cg=0.3 ’ -
03 9 » No Correctl_on
Factor possible
cg02~7"
0.2 '
0.1 ’
’
’
0
0O 01 02 03 04 05 06 07 08 09 10
Ib
In

Figure C 4.3 Reduction formula for circuits not fully loaded. Source: adapted from Electrical Installation
Calculations, Third Edition, ECA 2002.

® if a quick sizing method is required, use BS 7671 Tables 4C1 to 4C5 and
equations 2 or 3 and do no more; or
@ calculate 7 using Equations 3 and 4, using the larger / value.

Asboth ¢ and [, /I are both known, to make life even easier and to save application
of the second bullet point above, which can be tiresome, the ‘look-up’ table in
Figure C 4.3 can be used instead and applied to Equations 1 or 2 (but not where
the protective device is a semi-enclosed fuse).

The following tables of grouping factors are reproduced from BS 7671: 2008.
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Table 4C1 Rating factors for one circuit or one multicore cable or for a group of circuits, or a group of multicore
cables, to be used with current-carrying capacities of Tables 4D1A to 4J4A

Arrangement Number of circuits or multicore cables To be used with

(cables touching) 7 current-carrying
capacities,
reference

Bunchedinairbona 1.00 0.80 0.7/0 0.65 0.60 0.57 0.54 052 050 045 0.41 0.38 MethodsAtoF
surface, embedded
or enclosed

Single layer on wall 1.00 085 0.79 0.75 0.73 0.72 0.72 0.71 0.70 0.70 0.70 0.70 Method C
or floor

Single layer 1.00 088 0.82 0.77 075 073 0.73 0.72 0.72 0.72 0.72 0.72 MethodsE andF
multicore on a

perforated horizontal

or vertical cable tray

systems

Single layer 1.00 087 0.82 080 0.80 0.79 0.79 0.78 0.78 0.78 0.78 0.78
multicore on cable

ladder systems or

cleats, etc.

NOTE 1: These factors are applicable to uniform groups of cables, equally loaded.

NOTE 2: Where horizontal clearances between adjacent cables exceeds twice their overall diameter, no rating factor need be
applied.

NOTE 3: The same factors are applied to:

- groups of two or three single-core cables;
- multicore cables.

NOTE 4: If a system consists of both two- and three-core cables, the total number of cables is taken as the number of circuits, and
the corresponding factor is applied to the tables for two loaded conductors for the two-core cables, and to the tables for
three loaded conductors for the three-core cables.

NOTE 5: If a group consists of n single-core cables it may either be considered as n/2 circuits of two loaded conductors or n/3
circuits of three loaded conductors.

NOTE 6: The values given have been averaged over the range of conductor sizes and types of installation included in Tables 4D1A to
4J4A; the overall accuracy of tabulated values is within 5%.

NOTE 7: For some installations and for other methods not provided for in the above table, it may be appropriate to use factors
calculated for specific cases; see for example Tables 4C4 and 4C5.

NOTE 8: \When cables having differing conductor operating temperature are grouped together, the current rating is to be based upon
the lowest operating temperature of any cable in the group.

NOTE 9: If, due to known operating conditions, a cable is expected to carry not more than 30% of its grouped rating, it may be
ignored for the purpose of obtaining the rating factor for the rest of the group.

For example, a group of N loaded cables would normally require a group reduction factor of Cg applied to the tabulated It.
However, if M cables in the group carry loads which are not greater than 0.3 Cglt amperes the other cables can be sized by
using the group rating factor corresponding to (N-M) cables.




Guide to the Wiring Regulations

Table 4C2 Rating factors for more than one circuit, cables laid directly in the ground —
Reference Method D in Tables 4D1A to 4J4A single-core or multicore cables

Number of | Cable to cable clearance ()

circuits
Nil (cables touching) | One cable diameter m m m

2 0.75 0.80 0.85 0.90 0.90
3 0.65 0.70 0.75 0.80 0.85
4 0.60 0.60 0.70 0.75 0.80
) 0.55 0.55 0.65 0.70 0.80
6 0.50 0.55 0.60 0.70 0.80
Multicore cables

) )

- -
a a

Single-core cables

LA LA

a o

NOTE 1: Values given apply to an installation depth of 0.7 m and a soil thermal resistivity of 2.5 K.m/W.
These are average values for the range of cable sizes and types quoted for Tables 4D1A to
4J4A. The process of averaging, together with rounding off, can result in some cases in errors
of up to +10%. (Where more precise values are required they may be calculated by methods
given in BS 7769 (BS IEC 60287).)

NOTE 2: In case of a thermal resistivity lower than 2.5K.m/W the correction factors can, in general, be
increased and can be calculated by the methods given in BS 7769 (BS IEC 60287).
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Table 4C3 Rating factors for more than one circuit, cables laid in ducts in the ground —
Reference Method D in Tables 4D1A to 4J4A
(i) Multicore cables in single-way ducts

Number of cables | Duct to duct clearance (o)

2 0.85 0.90 0.95 0.95
3 0.75 0.85 0.90 0.95
4 0.70 0.80 0.85 0.90
B 0.65 0.80 0.85 0.90
6 0.60 0.80 0.80 0.90
Multicore cables

a

NOTE 1: Values given apply to an installation depth of 0.7 m and a soil thermal resistivity of 2.5 K.m/W.
They are average values for the range of cable sizes and types quoted for Tables 4D1A to
4J4A. The process of averaging, together with rounding off, can result in some cases in errors
of up to £10%. (Where more precise values are required they may be calculated by methods
given in BS 7769 (BS IEC 60287).)

NOTE 2: In case of a thermal resistivity lower than 2.5 K.m/W the correction factors can, in general, be
increased and can be calculated by the methods given in BS 7769 (BS IEC 60287).

(i) Single-core cables in non-ferrous single-way ducts

Number of cables | Duct to duct clearance (o)

2 0.80 0.90 0.90 0.95
3 0.70 0.80 0.85 0.90
4 0.65 0.75 0.80 0.90
5 0.60 0.70 0.80 0.90
6 0.60 0.70 0.80 0.90

Single-core cables

00 00

.

a

NOTE 1: Values given apply to an installation depth of 0.7 m and a soil thermal resistivity of 2.5 K.m/W.
They are average values for the range of cable sizes and types quoted for Tables 4D1A to
4J4A. The process of averaging, together with rounding off, can result in some cases in errors
of up to £10%. (Where more precise values are required they may be calculated by methods
given in BS 7769 (BS IEC 60287).)

NOT